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Preface

We are very pleased to publish the e-Proceedings of the 8thInternational
Symposium on Fusion of Science and Technology (ISFT-2020). The conference
provides a forum to the best talents in the academia and research institutions,
industry experts, management professionals, engineers and executives to
collaborate and address the current challenges, to seek new windows for discovery
and exploration, and to promote the new horizon of science, engineering and
technology for a sustainable future. It reﬂects a stupendous opportunity to witness
the technological innovations coupled with the rich cultural heritage of India.

ISFT-2020 addresses a diversity of key issues in Science and Technology. Its papers
cover the following areas:
1. Mechanical Engineering
2. Computer Science and Information Technology
3. Science and Technology
4. Advanced Materials
5. Management
6. Electrical and Electronics Engineering
7. Civil, Environmental and Architectural Engineering
8. Chemical Engineering and Polymer Science
9. Biotechnology
10. Fashion Design and Textile Engineering
11. Health and Medical Engineering
12. Agricultural and bio-system Engineering
13. Ethics, Law and Policy
14. Engineering and Governance
We would like to thank all authors for their research contributions. We are also very
grateful to members of the Review Committee of ISFT-2020 for their diligent work in
reviewing all submissions.
Editorial Team
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Abstract
In the developing countries, women Chemists in academia and industry are in two separate
worlds, both have different goals and mindsets, there is an urgent need that they come together
and address some underlying issues. Women Chemists in the industries are looking for
innovative solutions from the women in academia to help meet their business needs of higher
productivity and lower cost, yet increase efficiencies. Women Chemists in academia on the other
hand are faced with the upheld task of investment, sufficient and sustained investment is required
in the Academia and that can be realized by bridging the divide between the Academia and
Industry. The paper identifies the mechanisms of bridging this gap and focus on procedures to
bridge the gap between the women Chemists in the academia and the industries, which for a long
time have been operating in separate domains.
Key words: Women Chemists, Academia, Gap, Industry, Collaborations, synergy

Introduction
For many years in developing countries, there has been a serious concern over the wide gap
between the women in academia and industry, which many stakeholders saw as the reason for
low productivity and poor economic growth. In the third millennium, we have witnessed a lot of
technological changes, (Panicker, 2012). These changes, however, have not been properly used
by our women chemists in academia in order to compete in the present scenario. It is essential to
have industry-academia interactions which will help to impart relevant knowledge and will be
sustainable in the changing conditions, (Raver, 2012). The women in academia provide the
essential and high-level skills necessary for every labour market, they contribute in facilitating
the transfer of research into results but the knowledge-skills transfer requires sufficient and
sustained investment. Currently, the women in academia are faced with the upheld task of
investment to enable them access to sustainable resources; conversely, the women in the
Industry, which are profit-driven can offer a natural route to maximize the use of innovative
1 J.C. Bose University of Science and Technology, YMCA, Faridabad

ideas of the women in academia and also provide the required investment support, (Danbatta,
2009).
The constantly changing management paradigms, in response to growing complexity of the
industry and academic environment, today, have necessitated these two to come closer. Failure to
recognize each other's role will reduce the interface between institute and industry thus reducing
good production and service amidst our women chemists. Also, understanding the already
created gap in the academia and industry will help us to fully understand how our chemical
society (which our women is a part of) is affected.
The following outlines some of the already existing issues which has led to gaps.
a. The women in academia strives for maximum solution to maximize their recognition,
whereas women in industry seeks the minimum solution to minimize their risk.
b. Women in academia are interested in creating new solutions having high innovation
rate, but women in industry prefers proven solutions having low risk.
c. The former have a long range perspective, while the later thinks in terms of short range
goals.
d. The women in academia compete for peer’s recognition, on the other hand, the women
in the industry are striving to survive.
To this course, the objective of this paper is:
1. To identify the existing gap and find potential areas of mutual participation of women
chemists in the industry and academia giving rise to synergies.
2. To quantify the gap and assess the increasing interdependence between women chemists
in the academia and industry through innovations.
3. To develop innovative solution models and options for facilitating the exchange of
perspectives and ideas between women chemists in the industry and academia.
4. To formulate strategies for implementation of solution and find plausible solutions and
benefits to strengthen the industry-academia integration and engender the symbiotic
partnership between both parties.
There should be a cohesive vision framework and strategies that will cater for long term
partnership with built in flexibility and that works best and attracts fertile collaboration for both
the women chemists in the academia and the industry. So, in summary, both the women
chemists in the academia and industry should develop a vision framework and strategies that:
a. Identifies promising opportunities for collaboration with the Industries.
b. Provide for regular dialogues, in the form of seminars, lectures, etc. that will bring
both sides together for cordial relationships.
c. Address the broad arching framework agreement on Intellectual Property to avoid the
acrimony on who owns the patent.
d. Also, Relevant Government Agencies and Institutions should strive to stimulate
collaboration between Academia and Industries by putting mechanism to:
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1. Attract the Academia research and development activities.
2. Enhance local learning and technology transfer.
The table below summarizes bridging dimensions and responsibility of women
Chemists.
Table 1: Bridging Dimensions and Responsibility of Women Chemists
Bridging Dimensions

Academia Responsibility

Student selection criteria

• Assess the aptitude and • Help academia validate the
skills needed
pre-requisites

Course designing

Course material development

Pedagogy

Teaching equipments

Application/practical sessions

Industry Responsibility

• Keep a check on number of • Support academia in
students
depending
on screening
students
by
resources available
providing the latest aptitude
tests and becoming part of the
process
• Develop and periodically • Communicate the current
assess the courses as per and future requirements to
industry requirements
academia so as to help design
relevant courses
• It should be interesting and • Provide feedback to
should deal with industry academia as at when due and
needs in a lucid manner
when approached for
• Innovative methodologies to • Partner with academic
be adopted, from similar institutions
for
sharing
advanced institutions, in experiences, training on latest
teaching like, case studies, developments,
and
help
experiential
learning, develop case studies
simulations
• Use modern audio-visual • Support academia in
equipments, CDs, ebooks, evaluating, procuring and
and
other
multi-media using various multi-media
learning tools
platforms
• Provision sufficient number • Help academia develop and
of cases/application exercises
deliver practical exercise
in each course and evaluate
students on these exercises

The following are the underlisted areas that needs an uphill closure between the women chemists
in the academia and industry.
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1)
2)
3)
4)

Research funding and development
Job creation
Partnership
Policy implementation

Research Funding and Development
Effective collaborations between both parties’ works well in the areas of research funding.
Women Chemists in the academia are faced with the uphill task of investment to enable them
access sustainable resources: infrastructures, laboratories equipment, training and professional
development, research and development of prototypes, etc. They need funding to cater for their
research work. The academia and the industry stand a chance of benefitting from one another as
the effective collaboration between them would ease the difficulty of investment in the university
research through improvising the needed sustainable resources which will ease the academia
reliance on government funding, (Danbatta, 2019). Lots of research has been facilitated by our
women chemists in the academia and these research involves all sectors of the economy such as
health, telecommunications, security, energy, transportation, governance, judiciary, etc., but the
transfer of knowledge-skills requires sufficient and sustained investment. Our women chemists
in the industry, recognizing the great role of their women counterpart in the academia facilitates
a partnership towards the realization of a result – driven research. The Industry, which is profitdriven can offer a natural route to maximize the use of innovative ideas of the Academia via
Transfer of Technology and to also provide the required investment support of the Academia,
(Danbatta, 2019).
The human quest to utilize natural resources and ingenuity to promote a comfortable lifestyle had
been responsible for technologically innovation and advancement of civilization, (Raver, 2012).
Some developing countries, like Nigeria has a mono – economy which is dependent on a
commodities whose price is at the mercy of market forces. The fact though still remains: the
purchase power of money is deprecating daily in Nigeria, and it is the women that feel it the
most. This is why Nigerians are eager to see the women chemists and other scientists use their
talents to restart the engine of the economy. This may not happen unless a mechanism exists for
turning the inventions and innovations into usable products. The women chemists in the industry
should support these inventions and innovations through endorsements and then funding. Indeed,
the synergy or cohesion between the women chemists in the academia and industry must be tight
at all times so as to achieve a desired result.

Job Creation
Christy Haynes, a chemistry professor at the University of Minnesota, says she found a simple
approach to encourage more hiring of women: “I haven’t been shy about going straight to my
Chair and saying ‘I met this great person at a conference, I think we should try and move her
here,’ she says. I’ve gotten traction on that more than once in this department. That’s certainly
one way to move your numbers.”
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So women chemists in the Industry, should strive to move their numbers through
recommendations of jobs to qualified women Chemists who are in the academia? We need more
women chemists in the industry, so if there is a shift of focus, are we willing to imbibe them into
the circle so as to increase employability of our women Chemists? Year after year, the academic
institution graduates very few qualified women Chemists. Experience has it that women
Chemists in the academia, both in Nigeria and in the diaspora has never failed in flagging high
their academic prowess.
The benefits of bridging the gap is enormous that time will fail us if we want to start elucidating
all points. However, I will address but a few;

Research Benefits
Academia and industry share a symbiotic relationship. Academia produces graduates who are
absorbed by industry. Industry on the other hand looks to academia for solutions to their
concerns. Often, new research topics arise out of interaction between the women Chemists which
benefit both academia and industry. Seminars, conferences, summits, trainings and workshops,
are creative avenues for research idea initiation and development. These research are carried out
by women Chemists in the academia, supported by women Chemists in the industry who take up
such research and turn it into products and services and with this, a common goal is achieved.

Social Benefits
Society benefits from university-industry research relationships through innovative products and
technologies. Industry-sponsored University research is often developed into practical
applications that benefit society. These applications include new improved medical devices,
techniques, and therapies; efficient energy development; and innovative electronic technologies
such as computers and other improved services in health, agriculture, mining and IT.

Partnership/Collaborations
University-industry research collaborations between women Chemists merge basic and applied
research. Incremental research and product development often occur in industrial labs. However,
industry scientists report that when they are involved in breakthrough discoveries, it is important
to maintain close alliances with University researchers so that they can gain a better
understanding of the science that underlies the discovery. Academic-industry research
relationships take other forms, as well. For example, some companies will gift scientific
equipment to university researchers to conduct their studies. Although it is
called gifting, companies expect that university researchers will somehow repay their generosity
by communicating any cutting-edge research results related to the use of the equipment. This
gives companies an edge in innovation, as they can capitalize on the research results and create
new, potentially profitable, products. Indeed, the academia and industry which our esteemed
women chemist are a part of exudes lots of benefits through partnerships.
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Policy Implementation
This is the fourth and the last part. Healthy engagement between academics, Industries and
policy makers is essential to the provision of informed, evidence-based, world-class policy
making in the various areas of Chemical Sciences.
But it is only in the past few years that the debates over how Universities should cooperate with
the Industries and actively seek to inform that the policy process has come into the foreground.
The ability to prove that rigorous academic research has influenced the decisions of government
policy advisers is destined to score highly in an assessment of societal and economic impact.
Table 2 below shows the Benefits of Academy – Industry collaboration
Table 2: Benefits of Academy – Industry collaboration
WOMEN IN ACADEMIA

WOMEN IN INDUSTRY

Promoting enriched teaching and research

Sourcing latest technological advances
from new ideas

Funding/Financial resources

Extensive laboratory usage

Source of knowledge and empirical data

Personnel resources/ cost savings

Competing

favorably

well

with Personnel resources/ cost savings

counterparts
Building on excellence and reputation

Risk sharing for basic research

Job offers for graduates

Stabilizing long term research projects

Complementing their resource base

Recruitments made easy

CONCLUSION
It is a clear conviction that no nation has ever and will ever become truly great without
effectively bridging the gap between academia and industry, which women Chemists are an
integral part of. This is because the economic development depends on the effective and efficient
utilization of its natural resources so as to take care of her people’s basic needs. In order to
achieve this, the citizens must understand the laws of nature and are able to put them into
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practice by devising appropriate tools. Hence, the synergy between the role of women Chemists
in academia and industry cannot be over – emphasized. Women Chemists in the industries need
to work in direct correlation with the women Chemists in academia to conduct research and
come up with groundbreaking innovations needed in the society to address pressing challenges
instead of working in silos and having situations where the academia conducts research and
comes up with innovations not needed in the society that seat in shelves just to aid and facilitate
their promotion. Therefore, Women chemists in Industries should come forward and align
themselves with our women chemists in the Academia. Interaction should be encouraged and
considered as part of education.
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Abstract
The aim of the study is to assess the impact of traffic volume on metal (Cd and Pb)
concentration and to evaluate the mobility of the metals using sequential extraction. Particulate
dust fall-out and roadside surface soil samples were collected from ten (10) locations along
major roads in the Kano metropolis, Nigeria in four seasons: cool and dry, hot and dry, warm and
wet, and warm and dry. The samples collected were digested using standard methods and
analysed using flame atomic absorption spectrophotometer. The results of metal inter-relation
analysis on both samples revealed positive correlations, an indication of common source of these
metals. . Positive correlation between the metals and traffic confirmed the fact that automobiles
are major source of the presence of these metals in the roadside environment. The results also
showed that the concentrations in the mobile phase (water soluble, exchangeable and carbonate
bound fractions) were generally high for Cd (29.49 – 92.7%) and Pb (26 – 76.4%) with the
highest obtained during warm and wet, and warm and dry seasons. The results suggest potential
toxicity to residential and food vendors’ adjacent to major roads in Kano metropolis which could
be either direct or indirect pathways of metal in humans.
Keywords:, Roadside Soils, Traffic, Automobile, Kano
Introduction
Globally, roads have been identified as a source of social and economic development
(Bai et al., 2008). According to Adefolalu (1980) and Mabogunje (1980), in developing
countries like Nigeria, improved road accessibility creates variety of socio-economic activities
which range from mobile shops, cafes, vehicle repairs, vulcanizers and dealers in other
facilitators of motor transportation. These activities send metals into the air in particulate form
and the metals subsequently are deposited into nearby soils, which are absorbed by plants on
soils (Okunola et al., 2008). Among the sources of metals in road environment, traffic emissions
from lorries, motorcycles and other vehicles have been known to emits a number of toxic
metals into the atmosphere, which are later deposited on roadsides (Ogunfowokan et al., 2004;
Ogunfowokan et al., 2009; Okunola et al., 2011a).
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Kano metropolis may not be an exception to the heavy metal problem especially with its
steady progress of industrialization, increasing population, and traffic density (Ministry of
Information, Kano 2005). The routes of exposure to particulate dust and soil metals includes
inhalation of contaminated particles, direct soil ingestion (usually by children) and ingestion of
food produced along the roads (Finžgar et al., 2007). Is therefore important that the exposure of
these pathways be quantify.
Techniques such as following sequential extraction analysis remains a widely used
procedure (Maiz et al., 2000; Onianwa, 2001), allowing the metals chemical reactivity to be
elucidated (Olajire et al., 2003; Okunola et al., 2011b). Hence give information on the
bioavailability and mobility of these metals.
Earlier studies in Kano metropolis have reported that there is an impact of traffic density
on the total metal content in different grain sizes of roadside soils (Okunola et al., 2011a).
Further to this study, our research is aimed at evaluating the relationship between Pb and Cd in
roadside soils along major roads in Kano metropolis, and also to evaluate the mobility of these
metals in road environment. Pb and Cd were chosen because of their known potential toxicity
(Lee et al., 2005).
Materials and Methods
The Study Area
Kano metropolis is located at the central western part of Kano State between latitude
11059´59.57 – 12002´39.570N of the equator and between longitudes 8033´19.69 – 8031´59.690E.
It lies in the northern central boundary of Nigeria and is located 840 km away from the edge of
the Sahara desert and 1,140 km from the Atlantic Ocean (Oseiki, 2009). Its metropolis
population is the second largest in Nigeria after Lagos. The Kano urban area covers 137 square
kilometres and comprises six local government areas (LGAs) - Kano Municipal, Fagge, Dala,
Gwale, Tarauni, and Nassarawa.

Sample collection and pre-treatment
Sampling of roadside surface soils for this study was conducted across the four main
seasons: December: cold and dry; March: hot and dry; June: warm and wet; September; warm
and dry. Average temperature across the seasons are; 31.5 – 36.60C for Cool and Dry Season,
30.0 – 39.10C for Hot and Dry Season, 30.5 – 33.90C for Warm and Wet Season , and 30.1 –
39.50C for Warm and Dry Season.
The criteria for selection of roads for the study were based on previous knowledge of the
relative traffic density on each road and the intent to have each category of traffic density in
different sections of the metropolis. Soil sample were collected from 10 roadside locations (1 10) 3m from the roadway and a control site (C) all over the metropolis as shown in Figure 1.
These sites were mainly located in residential and commercial areas. Control samples (only for
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soil) were obtained from a small garden within a residential buildup area of farm center which is
not close to any secondary or main road.
For the soil sampling, at a distance of 10 m from each side of the road, approximately 20
g of surface (0 – 5cm) roadside soils were collected from five spots per site with a stainless steel
spoon. The samples were pooled together and homogenized to form a representative sample for a
given road (Onianwa, 2001). Samples were placed in polythene bags and air-dried in the
laboratory for 3 days. They were then passed through 150 µm mesh standard sieve (Rupson
Industires 9238/6 Multani Dhanda, Pahargany New Delhi-110055).

Traffic Density
Traffic density was determined by directly observing and counting the traffic during the
usual peak traffic periods 8:00 – 10:00, 12:00 – 14:00, and 16:00 – 18:00 h each day for three
days. The average number of motor vehicles at each site per hour was calculated as shown in
Table 1.
Table 1 Average Traffic Volume Per Hour on High Traffic Roads in Kano Metropolis
Sampling
Sampling Site
Average Traffic Volume per h
Site
Number of
Number
Number of
Total
Code
of other
Motorcycles
Trucks/Lorries
vehicles
1

Aminu Kano

1902±12

2634±10

196±2

4732

2

Zoo

2011±20

1504±8

121±5

3636

3

Dan Agundi

1206±15

1935±12

216±2

2831

4

Kofar Nassarawa

1323±13

1801±19

46±2

3170

5

Rimi Market

3005±10

2008±14

25±2

5038

6

Sani Abacha

6857±23

1292±13

207±2

8357

7

Ibo Road

2464±19

1845±19

35±5

4344

8

Court/France

2651±18

1041±9

16±2

3708

9

Kofar Mazugal

1995±21

2836±12

149±2

4180

10

Zungeru/Airport

1443±11

2366±17

198±3

4007

C

Farm Center

Nil

Nil

Nil

Nil
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FIG 1 KANO METROPOLIS SHOWING THE SAMPLING SITES
Source: Adapted and Modified from Google Map Data, 2010
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Quality Assurance
All glassware, polythene tubes, and Teflon beakers used in the analyses were pre-cleaned
by washing with liquid detergent, rinsed with water and distilled-deionized water, and then
soaked in 10% HNO3 (Sigma-Aldrich St. Louis, MO, USA, 70%v/v) for 24 h at a temperature of
800C. All reagents used were of analytical grade, and the instrument working calibrations were
made by diluting the commercial stock solution of a metal (1000 ppm) standard (Scharlau,
Kojima, Japan) with distilled-deionized water.
Quality assurance tests such as spiking experiments are usually conducted to ascertain the
accuracy of the analytical procedure in absence of reference standard materials. The percentage
recoveries and standard deviations obtained for the metals under investigations were as follows:
Cd (90.4 ± 0.5) and Pb (93.2 ± 0.6). High percentage recoveries obtained in these samples
validate the experimental protocol. The detection limits for metal analysis was 0.01mgL-1 for Cd
and Pb.
Determination of total metal concentration
Samples were digested for metal analysis using the method of Ogunfowokan et al.
(2009). For each sample, 1g was digested in a Teflon beaker with 30 mL aqua-regia (HCl:HNO3,
3:1) on a hotplate thermostated to 1500C. After 2 h of digestion, the Teflon beaker with its
content was brought down from the hot-plate, 5 mL HF was added, and the sample was digested
for another 30 min. The digested solution was allowed to cool down to room temperature before
the content was filtered quantitatively into a 50 mL volumetric flask, and the volume was made
up to the mark with distilled-deionized water. Total metal determination was done in triplicate.
A blank determination was carried out using the procedure described above. The
concentrations of Cd and Pb were determined using a flame atomic absorption
spectrophotometer (FAAS, Shimadzu AA-6800).
Statistical data analyses were done using SPSS version 17 (SPSS Inc. Chicago, IL, USA).
Sequential extraction of heavy metals from dust and soils
Chemical fractionation of heavy metal was done on dust and soils using Finžgar et al.
(2007) method. This method modified the conventional method developed by Tessier et al.
(1979). The modified method determines fractionation of heavy metals into six (6) geochemical
fractions as follows. For each of the fraction, the mixture was centrifuge and supernant decanted
and made up to 50ml with deionized water prior to analysis.
FI (fraction soluble in soil solution)
1g of air – dried sample was mix with 10ml of deionized water with continuous agitation for 1hr.
FII (Exchangeable Fraction)

13 J.C. Bose University of Science and Technology, YMCA, Faridabad

The residue from FI was leached at room temperature with 10ml of 1M MgNO3 at pH 7.0 with
continuous agitation for 1hr.. MgNO3 displace ions electrostatically bound in the soil matrix.
FIII (Acid Extractable – Carbonate bound Fraction)
Residue from FII was leached at room temperature with 10ml of 1M NaOAc (pH 5 adjust with
HOAc) with continuous agitation for 5hrs. NaOAc solubilises carbonates (calcites, dolomite)
and releases entrapped metals.
FIV (Reducible – Fe – Mn Oxides and Hydroxide Fraction)
Residue from FIII was leached with 20ml of 0.1M NH2OH.HCl (pH adjusted with 25%v/v
HOAc) at 960C for 6hrs with occasional agitation. NH2OH.HCl reduces Fe and Mn oxides to
soluble forms.
FV (Oxidizable – Organic Matter Bound Fraction)
To the residue from FIV, 3ml of 0.02M HNO3 and 30%v/v H2O2 was added. The mixture was
heated to 850C in a water bath for 3hrs. After cooling, 5ml of 1M NaOAc was added to the
extract with occasional agitation for 3hrs at 850C. HNO3 and H2O2 oxidize organic matter and
solubilise sulphides. Oxidized organic matter releases complexed, adsorbed and chelated metals.
FVI (Residual and Inert Fraction)
Residual from FV was digested with a mixture of 8ml of 5:1 mixture of HF and HClO4 in acid
digestion Teflon cup. Then mixture was dried ashed for 2hrs and evapourated to dryness. The
residue was diluted to 50ml with deionized water prior to analysis.
After successive extraction, the sample was centrifuge at 3000rpm for 15mins. The
supernatants was removed with pipette and filtered with Whatmann No 42 filter paper. The
residue was washed with deionized water followed by vigorous hand-shaking and then follows
15mins of centrifugation before next extraction. The volume of rinse water use was left at
minimum to avoid excessive solubilization of solid materials. The process was carried out in
triplicate for a particular sample. Appropriate reagent blanks were prepared and analyzed for
each extraction type. All extracts were analyzed for the metals (Pb and Cd) by atomic absorption
spectrophotometry.
Results and Discussion
Total metal concentration
The total contents of Cd and Pb in roadside soil samples of the various is shown in Table
2. Analysis of mean difference of the sites across the seasons revealed significant difference (p <
0.05). An indication of seasonal effect on levels of Cd and Pb in the samples, though decrease
in concentrations were observed during the Warm and Wet Season. Similarly, the concentrations
of Cd and Pb in samples from studied sites were found to be high compared to control sites. This
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also supports the facts that activities on the roads and roadsides are potential sources of heavy
metal deposition to the roadside environment (Facchinelli et al., 2001; Han et al., 2005).
The highest Cd concentration (13.9mgkg-1) in the soil samples respectively were found
at Site 8, a low elevation region with comparatively low traffic volume (3708 h-1) compared to
Site 6 with the highest traffic volume (8357 h-1). High Cd concentration in Site 8 can be closely
related to the fact that, this road is flagged by electronic, stationary, paints dealers and other road
ancillary work such as vulcanizers together with effect of traffic jam. This is also supported with
non-significant correlations between traffic and Cd concentrations except in Cool and Dry
Season were significant positive correlation was observed. Compare to literature studies, Aksoy
(1996) found mean Cd concentrations for urban roadside soils and rural roadside soils as
2.44mgkg-1 and 1.04mgkg-1 respectively, which is lower than higher concentration reported in
this study.
Table 2 Concentration of metals (mg kg-1) in roadside soils from Kano Metropolis
Cd
Cool and Dry
Hot and Dry
Warm and Wet
Warm and Dry
Location
Soil
Soil
Soil
Soil
1
2
3
4
5
6
7
8
9
10
C

Location
1
2
3
4
5
6
7
8
9
10
C

3.7
4.5
2.1
8.9
7.8
7.2
5.3
11.0
6.6
9.8
0.2

4.8
5.5
2.8
10.6
10.5
8.8
6.4
13.9
8.5
12.8
0.2

2.9
3.6
1.6
7.1
6.4
6.0
4.4
9.1
5.3
8.1
0.9

3.2
3.5
2.0
6.7
7.5
5.7
4.07
9.2
5.9
9.0
1.5

Cool and Dry
Soil
93.4
121.4
143.2
176.7
896.1
108.6
117.6
115.0
116.1
145.0
32.5

Pb
Hot and Dry
Soil
133.4
166.9
188.0
233.5
1174.2
156.5
214.7
213.5
160.4
219.0
30.5

Warm and Wet
Soil
76.2
94.9
112.9
141.6
711.1
86.1
90.2
90.5
96.8
117.1
5.5

Warm and Dry
Soil
98.7
122.4
130.0
166.5
866.0
121.2
197.5
199.0
119.2
174.7
32.2

Values are mean of triplicate determinations of a sample mixed from three simultaneous soil collections
at each site.
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Cd in this study especially at Site 8 is higher than Cd levels in Kavala’s region, Greece –
1.4mgkg-1 in soil sample (Christoforidis and Stamatis, 2009) and 0.24 – 0.94mgkg-1 in soils
(Lagerwerff and Specht, 1970). However the range of Cd is within the range; 0.1 – 14.6mgkg-1
reported in a similar study in Turkey (Tokalioglu et al., 2003). Existence of Cd in roadside soils
could be derived from attrition of automobile tires (Akhter and Madany, 1993). Surface area
could be an implication for high Cd concentration in this study, since particle size used for
roadside soils are usually of 2mm in related studies. This could explain reasons for high
concentration in this study compared to the literature.
Pb is of most concern in environmental heavy metal pollution (Jaradat and Momani,
1999). Pb is emitted from different sources such as glass, waste cans, paints, batteries, PVCproducts, and cables (Paola, 2005). Similar to Cd, Pb level is highest in sample from Site 5
(1174.2mgkg-1 in soil) during Hot and Dry Season. The main source of Pb contamination is
traffic, usually the highest concentration of this metal is found close to roads with high traffic
density (Mohammed et al., 2006; Saeedi et al., 2009). This is due to the fact that Pb is too heavy
for being transported by the air (Saeedi et al., 2009). In the case of this study, the highest
concentration was found in the samples from Site 5, as mentioned before not in the samples
taken from Site 6, the road with the highest traffic density in Kano Metropolis. This can be
explained by the fact that Site 5 is the last bus-stop for most intra-city buses or taxes, located
along this road is local market specialized in plates and local foodstuff. As common feature
along market roads, the traffic in this part of the city has always been quite intense coupled with
the fact that automobile flow would be slower and hence, lengthier time is spent by automobile
which subsequently leads to more emissions of particle especially from the exhaust compared to
other roads. Since Pb is known to be use as antiknock in petrol (Jaradat and Momani, 1999), it is
clear from the results that Pb in this Site is due to automobile emissions. This is also supported
with strong positive correlation between traffic volume and Pb in soils as shown in Table 3.
However, according to Christoforidis and Stamatis (2009) it is generally agreed that
automobile exhaust emission accounted for the elevated Pb levels as all samples were collected
at major roads. Also, other researchers in Nigeria (Onianwa, 2001; Awofolu et al., 2005;
Okunola et al., 2007 and Abechi et al., 2010) have reported that metal disposal and ancillary
work such as metal working and motor repairs could have a stronger influence on the
accumulation of the metal in roadside soils.
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Table 3 Relationships between heavy metals in roadside soils
Cool and Dry Season
Cdsoil
Pbsoil
Parameters
1.000
Cdsoil
0.161
1.000
Pbsoil
*
0.464
0.935**
Traffic
Hot and Dry Season
Cdsoil
Pbsoil
Parameters
1.000
Cdsoil
0.254
1.000
Pbsoil
0.359
0.905**
Traffic
Warm and Wet Season
Cdsoil
Pbsoil
Parameters
1.000
Cdsoil
0.169
1.000
Pbsoil
0.420
0.922**
Traffic
Warm and Dry Season
Cdsoil
Pbsoil
Parameters
1.000
Cdsoil
0.336
1.000
Pbsoil
0.388
0.904**
Traffic
* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)

Traffic

1.000
Traffic

1.000
Traffic

1.000
Traffic

1.000

Mobility of metal in particulate dust and roadside soils
Mobility of metals in soil may be assessed on the basis of absolute and relative content of
fractions weakly bound to dust or soil components, which may equilibrate with the aqueous
phase, and thus become more rapidly bioavailable (Pardo et al., 1993). Since some of the metal
fractions (FIV - FVI) are strongly bound to the dust and soil components (relatively less mobile)
than those extracted in FI, FII and FIII, hence, the relative index of metal mobility was calculated
as a mobility factor (MF) according Yusuf (2007) and Kabala and Singh (2001) on the basis of
the following equation:
MF  ( FI  FII  FIII )  100
( FI  FII  FIII  FIV  FV  FVI )
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The Figs. 2 and 3 show the percentage mobility factor (MF) of as evaluated for Cd and Pb per
site for roadside soils across the four study seasons. Evidently from the Fig. 2 soil samples from
Sites 4, 5, 6, 7 and 9 have the highest vulnerability to Cd with the highest MF 87.35% and
92.75% recorded during Warm and Wet Season for soils. However, the MF of Cd in the soil and
particulate dust samples in studied sites across the seasons as described below decreased in the
following order respectively:
Soils
7 > 9 > 5 > 6 > 4 > 10 > 8 > 2 > 1 > 3
7 > 6 > 5 > 9 > 10 > 4 > 8 > 3 > 2 > 1
7 > 6 > 5 > 9 > 4 > 10 > 8 > 2 > 1 > 3
7 > 5 > 9 > 6 > 4 > 8 > 10 > 2 > 1 > 3.

Cool and Dry Season
Hot and Dry Season
Warm and Wet Season
Warm and Dry Season

1

100
% Mobility
50
Factor (MF)
MF of Roadside soils

0
1

2

3

4
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6

7

8

9 10

Site
2

100
% Mobility
50
Factor (MF)
MF of Roadside soils

0
1

2

3

4

5

6

7

8

9 10

Site
3

100
% Mobility
50
Factor (MF)
MF of Roadside soils

0
1

2

3

4

5

6

7

8

9 10

Site
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Fig. 2 Percentage mobility factor of Cd in roadside soil
1-cool and dry, 2-hot and dry, 3-warm and wet, and 4-warm and dry season

The values of mobility factor (MF) for Pb (Fig. 3) revealed highest MF at Sites 4 and 9 for soils
across the seasons. This implies that across the seasons, population living or working around
Sites 4 and 9 showed highest vulnerability to Pb exposure compared to Site 1. Furthermore, MF
value of Pb in samples of roadside soils in the studied sites across the seasons as described below
decreased in the following order respectively:
Soils
Cool and Dry Season
Hot and Dry Season
Warm and Wet Season
Warm and Dry Season

4 > 9 > 8 > 7 > 10 > 2 > 3 > 5 > 6 > 1
4 > 9 > 10 > 7 > 8 > 6 > 2 > 3 > 5 > 1
9 > 4 > 8 > 10 > 7 > 2 > 3 > 6 > 5 > 1
4 > 9 > 10 > 7 > 6 > 8 > 2 > 3 > 5 > 1

1

100
% Mobility
50
Factor (MF)
MF of Roadside soils
0
1

2

3

4

5

6

7

8

9 10

Site
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Fig. 3 Percentage mobility factor of Pb in roadside soil
1-cool and dry, 2-hot and dry, 3-warm and wet, and 4-warm and dry season

From the trends above, it is confirmed that Site 7 for Cd and Site 4 and 9 for Pb have the
highest MF across the seasons. This is an indication that the level of water soluble, exchangeable
and carbonate bound Cd and Pb in this study is relatively high, though less than 1 (minimum
threshold for MF). Also as evident from the trends, Site 1 and 3 (Cd) and Site 1 (Pb) have the
lowest MF value across the season, the low value could be an indicator of high stability of these
metals in the samples (Ogunfowokan et al., 2009). Also, apart from reflecting levels of water
soluble, exchangeable and carbonate bound of these metals, high MF values, an indication of
lability and biological availability of heavy metals (Ahumada et al., 1999; Kabala and Singh,
2001; Yusuf, 2007), showed the extent of the vulnerability of living things generally to heavy
metals (Ogunfowokan et al., 2009). Similarly, as observed in the Figure 2, Cd was generally at
the highest in Warm and Wet, and Warm and Dry Season for roadside soils in Sample 7, while
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Pb was generally at its highest in both samples in Warm and Dry Season. This indicates that
during the aforementioned seasons there was an increased mobility of these metals, representing
the highest potential risk for the surrounding environment. Generally the mobility factors in all
the study seasons were less than 100 (less than 1), indicating low pollution due to the metals,
result from high percentage in non-labile fractions. Hence, from this study, the inhabitants of
Sites 4, 5, 6, 7, 8, 9 and 10 have the highest vulnerability due to Cd and Pb exposure, while those
living around sites 1, 2 and 3 have low vulnerability compared to others.
Conclusion
Generally, the present study, confirmed the contamination of the roadside soils of Kano
Metropolis by Cd and Pb with automobile emissions as possible sources of these metals in the
samples. The mobility of these metals as depicted by sequential extraction showed that some of
the samples have Cd and Pb in the mobile phases. The amount of Cd determined as sum of
water soluble, exchangeable and carbonate fractions was often more than 50% of the total in
Sites 4, 5, 6, 7 and 9 with few less than 50%. Similar trends were observed for Pb at Sites 4, 7, 9
and 10. This represents the potential mobility of Cd and Pb to the immediate environment at
these sites. Therefore, effort should be put in place to check contributors of these metals in
roadside environment in Kano metropolis especially with a known fact that Cd and Pb present
potential risk to its immediate environment.
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ABSTRACT: Environmental contamination and human exposure to dyes have dramatically
increased over the past decades. Thus, from an environmental point of view, the removal of dyes
is of great concern, and recent applications using graphene oxides showed high adsorption
ability. This paper presents the results of comparative study on the application of graphene oxide
(GO) for the adsorptive removal of methylene blue (MB) and congo red (CR) in batch mode.
Graphene oxide (LGO) was synthesized from local graphite (LGP) by using modified Hummer
method. Local graphite sample (LGP) was collected from Lin-yaung-chi mine (Myanmar). GO,
synthesized from local graphite, characterized by XRD, the optical properties of graphite and
prepared graphene oxide were characterized by UV-Vis spectrometer, the surface morphologies
were characterized by scanning electron microscope (SEM). The analysis of FT IR spectra were
performed to investigate functional groups of graphite and prepared GO (LGO ).Performance
with regard to adsorption of MB and CR on GO was evaluated at different values of the
operational parameters such as contact time between GO and dye molecules, dosage of GO, rpm,
initial concentration and pH of dye solution .Uptake and percentage removal of the dyes
increased with increase in contact time, rpm and adsorbent dosage, but declined with increase in
initial concentration of the dye. The optimum percentages removal of both dyes pH was found to
observed at basic medium (pH=8). From this study, results indicate that LGO is an effective
adsorbent for the removal of MB from aqueous solution up to almost 98 percent but on congo
red dye only remove 62 percent from aqueous solution.
Keywords:

Graphite, graphene oxide, modified Hummer’s method, dye and adsorption
capacity

INTRODUCTION
As the rapid industrialization in the country, dye pollution, discharged from dyeing,
tanneries, pulps, textile, petroleum and chemical industries became the most serious
environmental pollutions. Many dye pollutants are organic molecules containing polar functional
groups, which are soluble in water, not easily degradable and could easily diffuse into the
environment (Yang et al., 2011).Therefore, it is necessary to treat the dyes before disposal.
Various technologies have been studied for dye removal from wastewaters, including
biodegradation, ultra-filtration, photo - catalytic degradation, oxidation and adsorption. Among
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these, adsorption carbon and bioadsorbents are used for this application. The effectiveness of any
adsorption process largely depends on the physicochemical properties of the used adsorbent.
Graphene oxide (GO), which is the oxidized form of graphene presentation a wide range
of active oxygenized groups on its surface, can be used as a effective absorbent to remove dyes
from water( Li Y, etal.,2013). Methylene blue (MB) and Congo red (CR) have wide applied to
dye cotton, wood, and silk. Compare to other adsorbents, including It is also used as an oxidation
- reduction indicator, antiseptic and for other activated carbons and other nanocarbontubes, GO is
the most promising material to adsorbed MB and CR due to its large theoretical surface area,
hydrophilicity, and negative charge density. In the present work, MB and CR are selected as
model solution to evaluate the efficiency of GO for the removal of dye from its solutions.

MATERIALS AND METHODS
Material
In this research, local graphite was supplied from Lin – yaung – chi mine, Mogok
Township, Mandalay Division. Methylene blue and Congo red were purchased from ACROS
Organics (Catalog No. 414240250). They were used without further purification. Other
chemicals used were of analytical reagent grade.

Preparation of Graphene Oxides
Graphene oxide (LGO) was synthesized from local graphite powder (LG) according to
modified Hummers method by oxidizing the graphite powder (Chen S, etal and Zhang W, etal ).
In a typical synthesis, a 5 g of graphite powder and 2.5 g of sodium nitrate were mixed with 108
mL of concentrated sulphuric acid and 12 mL of phosphoric acid in an ice bath for 10 min.
Then, 15 g of potassium permanganate was slowly added to mixture and stirred for 2 hr in an ice
bath. Then, the beaker was transferred to 40℃ of water bath and stirred for 60 min within this
time the reaction mass become brown paste. Afterwards, 400 mL of deionized water was added
under vigorous stirring .and then reaction temperature is rapidly increased to 98 ℃ in water bath
and continuously stirred for 60 min with a magnetic stirrer. The color of the mixture changed
from dark purplish green to dark brown. A 15 mL of hydrogen peroxide was then added into the
mixture after 5 min to stop the oxidation process and the color of the mixture changed to bright
yellow. For purification, the mixture was washed by rinsing and centrifuging with and 5% HCl
followed by deionized water several times to remove metal ions and acid. After filtration and
drying, graphene oxide was obtained as a solid powdered.

Characterization of Local Graphite (LGP) and Prepared Graphene Oxides (LGO)
The different graphite varieties and prepared graphene oxides were characterized by
XRD, UV- vis, FTIR and SEM.The local graphite and prepared graphene oxides were
characterized by XRD, UV-Vis, FT IR and SEM.

Dye Adsorption of Prepared Graphene Oxides

25 J.C. Bose University of Science and Technology, YMCA, Faridabad

In this paper, prepared graphene oxides used for investigation of color removal
efficiency. The batch experiments were carried out with different dyes, methylene blue (MB) and
Congo red (CR).Initial solutions with different concentrations of MB and CR were prepared by
proper dilution from stock 1000mg / L MB and CR standards. The effect of prepared GO dosage
on the adsorption was conducted by adding different prepared GO weights from ( 0.02 – 0.14 g)
into 50mL solution with MB and CR concentration of 20 mg /L at pH 7.4, 115 rpm and 298 K.
Adsorption experiments were carried out in a rotary shaker at different speeds and ambient
temperature, using 250 mL shaking flasks containing 50 ml different concentrations of dye
solutions 5 – 35 mg / L.The pH values of solutions were adjusted from 2.0 to 12.0 by adding 0.1
M HCl and NaOH solution. Concentrations of dye in the supernatant solutions were estimated by
measuring absorbance at wavelength of maximum absorption dye with a UV- Visible
spectrophotometer (Shimadzu, Japan). The removal percent was calculated by the following
equation R % = Ao – Ae / Ao x 100
Where, Ao and Ae (ppm) are the liquid – phase concentration of dye at initial and at any time t,
respectively (Ahmad et al., 2014).

RESULTS AND DISCUSSION
XRD Analysis
The crystalline structures of local graphite and prepared graphene oxide were also
characterized by XRD.XRD patterns of LGP and prepared LGO were shown in Figure 1 (a) and
(b ).The XRD spectra of LGO shows a sharp diffraction peak at 2θ= 10.104˚ with an interlayer
distance of 0.8747 nm. The increase in interlayer spacing from 0.3248 nm in the case of LGP to
about 0.8747 nm for LGO is due to the introduction of the various functional groups that have
been introduced by the oxidation of the LGP. This spacing is slightly larger than that of the d
spacing of local graphite (LGP).
The intensity and position of the GO peak in the XRD pattern can be used as an
indication of the oxidation degree. The intensities of GO peaks increase with increasing the
oxidation process while the G peak disappears in the case of the complete oxidation. , the peak
intensity of GO has increased by increasing the oxidation time. The interlayer distance increased
clearly GP to GO due to the presence of oxygenated functional groups and intercalated water
molecules.

UV-Visible Analysis
A UV-visible spectrum of GO (LGO) was measured by an UV mini-1240 Shimadzu
spectrophotometer in aqueous solution. The UV-vis spectroscopic measurement was carried out
in the range of (200 – 400) nm to monitor the graphite samples and the degree of oxidation for
the graphene oxide samples. The maximum π -π* transition of
C = C, C - C peaks of LGP and
FGP were found (λ = 258.0 nm and λ=296.1 nm).Upon oxidation of graphite, the maximum nπ*transition of C = O peaks of LGO was found (λ = 311.6 nm and λ = 307.6 nm) (Table 2 and
Fig. 2).

FT IR Analysis
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The FT IR spectra of local graphite and prepared graphene oxide were studied in the range
of 400-4000 cm-1 using (FT IR-8400 Shimadzu, Japan).FT IR spectral data showed the presence
of ionizable groups such as carboxyl, carbonyl, epoxy and hydroxyl which can involve in the
major absorption sites of dye removal (Qu X, etal ).No polar group between the crystal layers of
graphite. No evident characteristic peak occurs, the peak at 3700 cm-1 occur due to the infrared
absorption peak of adsorbent water molecules and was presented in (Table3 and Figure 3).

SEM Analysis
Scanning electron microscope (SEM) was used for understanding changes of morphology
from graphite to graphene oxide. SEM images of the local graphite (LGP) as reported in Figs.
4(a) and shown platelet like crystalline form of carbon. Fig. 4 (b) was shown the SEM image of
LGO which resembled randomly aggregated, thin crumpled sheets.

Batch Adsorption Study
The batch experiments were done by studying different parameters.

Effect of Dosage of Adsorbent
Dosage effect tests were carried out in order to find the optimum dosage of adsorbent.
The dosage of adsorbent was varied in the range of 0.02g to 0.14 g while keeping contact time
and concentration of methylene blue and Congo red at 60 min and 20 ppm respectively. The
adsorption capacity of MB was significantly affected by the dosage was 0.1 g for LGO and
maximum removal efficiencies were occurred at 95.89 %.As for CR, it also could be found that
significant effects on the CR adsorption exists as dosage was 0.08 g for LGO and maximum
removal efficiencies were occurred at 61.35 % .The removal efficiency of GO on MB is higher
than that of CR. (Table 4 and Fig. 5).

Effect of Concentration
In this study, the initial concentration of methylene blue and congo red were varied such
as 5,10,15,20, and 25 ppm while other factors kept constant. As the concentration increased the
color removal percent of MB and CR also gradually increased up to 25 ppm and 20 ppm
respectively. The maximum color removal efficiency was obtained at initial concentration of 30
ppm MB and 25 ppm CR dye solutions as shown in (Table 5 and Fig. 6)

Effect of contact time
To study the effect of contact time, the contact time between the adsorbent and adsorbate
was varied as 10, 20, 30, 40, 50, 60 and 70 min on rotary shaker. The optimum color removal
percent of MB by LGO was found to be 98.11 % at 60 min and CR was also found to be
observed 41.69 % for CR at 50min (Table 6 and Fig.7).

Effect of Stirring Speed (RPM)
To study the effect of stirring speed, the stirring speeds were varied as 25, 50, 75, 100,
150, 200 and 250 rpm. The other parameters such as contact time, concentration and adsorbent
dosage were set to their optimum values. The optimum stirring speeds of LGO for both dyes
were found to be 150 rpm (Table 7 and Fig. 8).

Effect of the solution pH
The solution pH can change the net charge of the adsorbent and adsorbate, and influence
the interaction between them. Figure 9 showed the effect of the solution pH on MB and CR
removal efficiency by LGO with initial pH ranging from 2.0 to 12.0. In the pH range from 2 to 7,
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the percent removal rate of MB attained around 99%(CMB =30 ppm) but that of CR around
62%.The maximum percent removal efficiency of MB and CR attained up to 99% and 62% at
pH 8.The optimum pH for both model dyes solution found to be observed at pH 8. (Table 8)
Table 1. Phase Identification of LGP, and LGO

Samples

Miller Indies
(h k l)

Bragg angle
(2θ) degree

Interplannar spacing
d (nm)

Phase
Identification

Crystalline size
(nm)

LGP

002

27.44

0.3248

Graphite

56.0

LGO

001

10.104

0.8747

Graphene oxide

5.13

(a)

(b)
Figure 1. XRD diffractograms of (a) LGP, (b) LG

Table 2. UV-vis Analysis of LGP and LGO
Samples
LGP

Wavelength (nm )
258.0

Interpretation
π-π* transition of C = C , C - C

LGO

311.6

n-π* transition of C = O

(a)

(b)
Figure 2. UV-Vis spectra of (a) LGP, (b)LGO
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3.

Assignment of FT IR Spectral Data of

No.

Observed Values
(cm-1)

LGP and LGO (Silversteinet al, 2003)

Literature
value
Interpretation
(cm-1)

LGP

LGO

1

3624

3347

3200-3600 O-H stretching
vibration

2

1639

-

1600-1750 C=C stretching
vibration

3

-

1581

1540-1870 C= O stretching
in carbonyl

4

1037

1003

5

912

912

6

794

990-1790

C-H in plane
bending

450-750

C-H out of
plane
deformation
(benzene)

-

7

690

-

8

528

-

9

468

-

(a)
Figure 3. FT IR spectra of (a) LGP and (b) LGO

(b)

(a)

(b)
Fig 4. SEM micrograms of (a) LGP, (b ) LG
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Table 4. Removal Percent of Methylene blue and

Removal %± STD

Weight of
Dosage (g)

MB

CR

1
2

0.02
0.04

91.65 ± 0.68 33.06 ± 8.63
94.81 ± 0.13 40.13 ± 2.04

3

0.06

94.62 ± 0.26 51.79 ± 1.39

4
5
6
7

0.08
0.10
0.12
0.14

93.35
95.89
95.71
94.15

±
±
±
±

0.43
2.22
1.55
0.52

61.35
55.37
53.78
50.00

±
±
±
±

= 60 min
= RT
= 20 ppm

Stirring rate

= 115 rpm

1
2
3
4
5
6
7

Concent
ration
(ppm)
5
10
15
20
25
30
35

94.93
96.46
96.78
96.51
97.09
97.61
97.00

0.16
0.14
0.38
0.26
0.09
0.12
0.14

21.42
27.55
25.27
24.03
23.66
21.49
20.37

Experimental condition
Weight of dosage= 0.1g ( MB)/ 0.08g (CR)
Temperature
= RT
Stirring rate
Contact time

= 115 rpm
= 60 min

pH

= 7.4

CR
40

Fig5. Removal percent of methylene blue and congo red
model solution by graphene oxide as a function of
dosages

Removal %± STD
MB
±
±
±
±
±
±
±

MB

60

Dosage ( g )

Table 5. Removal Percent of Methylene blue and
Congo red by Using Graphene Oxide as
a Function of Concentrations

No.

80

20
0.02 0.04 0.06 0.08 0.1 0.12 0.14

2.34
9.42
2.43
5.79

Experimental condition
Contact time
Temperature
Concentration of dye
pH = 7.4

100

CR
±
±
±
±
±
±
±

2.08
3.07
1.39
4.71
0.97
0.23
2.83

120
Removal percent ( % )

No.

Removal percent ( % )

120

Congo red by LGO as a Function of Dosages

100
80

MB

60

CR

40
20
0
5

10

15

20

25

30

35

Concentration ( ppm )

Fig 6.

Removal percent of methylene blue and
congo red by using graphene oxide as a
function of concentration
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Table 6. Removal Percent of Methylene blue and
Congo red by Using Graphene Oxide
( LGO) as a Function of Contact Times

10
20
30
40
50
60
70

93.27
97.08
97.71
98.02
98.03
98.11
97.67

±
±
±
±
±
±
±

CR
0.33
0.02
0.27
0.22
0.04
0.33
0.29

22.09
33.85
36.86
37.25
41.69
33.98
31.24

±
±
±
±
±
±
±

0.69
1.95
0.76
1.31
0.75
0.93
0.76

Experimental condition
Weight of dosage = 0.1g ( MB)/ 0.08 g (CR)
Temperature=RT , pH = 7.4
Concentration of dye = 30 ppm( MB)/ 10 ppm ( CR )
Stirring rate = 115 rpm
Table 7.

Removal Percent of Methylene blue and
Congo red by Using Graphene Oxide as
a Function of Stirring Speeds

No.

Stirring
Speed
(rpm)

1
2
3
4
5
6
7

25
50
75
100
150
200
250

Removal % ± STD
MB
82.64
90.64
91.91
98.69
99.37
99.19
98.96

±
±
±
±
±
±
±

CR
6.98
4.36
0.29
0.25
0.06
0.24
0.15

26.02
30.41
39.75
40.96
59.03
48.79
32.53

±
±
±
±
±
±
±

1.71
8.52
6.19
8.52
1.70
0.85
6.81

Experimental condition
Weight of dosage = 0.1g ( MB)/ 0.08 g (CR)
Temperature=RT , pH = 7.4
Concentration of dye =30 ppm( MB)/10 ppm ( CR)
Contact time = 60 min( MB)/ 50 min( CR )
Table 8.

No
.

pH

1
2
3
4
5
6
7

2
4
6
7
8
10
12

Removal Percent of Methylene blue and
Congo red by Graphene Oxide (LGO)as
a Function of pH
Removal % ± STD
MB
CR
99.13
98.99
99.57
99.01
99.62
98.03
84.96

±
±
±
±
±
±
±

0.75
1.43
0.02
0.74
0.25
0.50
0.79

39.97
47.50
58.03
60.09
62.37
57.79
42.52

±
±
±
±
±
±
±

0.37
0.04
0.24
0.07
0.09
0.76
0.37

100
80
60

CR

20
10

20

30

40

50

60

70

Contact time ( s )

Fig 7. Removal percent of methylene blue and congo
red model solution by graphene oxide as a
function of contact time
120
100
80

MB

60

CR

40
20
0
25

75

125

175

225

275

Stirring speed ( rpm )

Fig 8.Removal percent of methylene blue and
congo red model solution by graphene
oxide (LGO) as a function of stirring rate

120
100
80
60

MB

40

CR

20
0
2

Experimental condition
Weight of dosage = 0.1g ( MB)/ 0.08 g (CR)
Temperature=RT , Stirring rate = 150 rpm

4

6

8

10

12

pH

Fig 9.
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MB

40

0

Removal percent ( % )

1
2
3
4
5
6
7

MB

Removal percent ( % )

No.

Removal %± STD

Removal percent ( % )

120

Contact
Time
(min)

Removal percent of methylene blue and Congo
red model dyes solution by graphene oxide
Technology,
YMCA,
Faridabad
(LGO)
as a function
of pH

Concentration of dye= 30 ppm( MB)/10 ppm(CR)
Contact time = 60 min( MB)/ 50 min( CR )
Table 9.The Optimal Parameters of Prepared Graphene Oxide (LGO)
for Removal of Methylene Blue and Congo Red Model Solutions
MB
Dosage

Concentration

(g)

( ppm)

MB

0.1

30

60

150

CR

0.08

10

50

150

Sample

Time

Stirring
Speed

pH

Removal

CR

200

percent

150

8

98.4

100

8

61.9

50
0

Fig 10. The Optimal parameters of prepared graphene
oxide (LGO) for removal of methylene blue
and Congo red for removal of methylene blue
and Congo red model solutions

CONCLUSION
This study investigated the degradation of MB and CR from dye model solutions using
graphene oxide (LGO) as adsorbent. The LGO was successfully prepared using modified
Hummer’s method. Several factors such as MB and CR dye concentration, adsorbent dosage,
contact time, stirring rate and pH solution were investigated. It was found that the initial pH of
both dye solutions play a significant role, in which the adsorption of MB and CR were more
favorable at basic conditions. Based on the degradation rate of both dye model solutions, LGO
shows only the good adsorbent characteristics for MB dye, with the removal efficiency up to
98%. For CR, the removal efficiency of LGO was up to 60% only. Overall, it could be concluded
that degradation of dye solutions are contact time, MB and CR concentration, pH solution,
adsorbent dosage, and stirring rate dependent. This finding demonstrates the potential of using
LGO for more effective removal of MB dye than CR dye from aqueous solution.
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Abstract
As more and more applications are deployed using the Internet of Things (IoT) technologies, the
fragmentation of general purpose IoT technologies to target particular sectors with different
requirements is becoming necessary. In this paper, we summarize the recent developments of
application- specific IoTs (ASIoTs) in eight representative studies (Internet of Battlefield Things
(IoBT), Internet of Medical Things (IoMT), Internet of Animal Things (IoAT), Internet of Waste
Things (IoWT), Internet of Underwater Things (IoUWT), Internet of Underground Things
(IoUGT), Internet of Nano Things (IoNT), and Internet of Mobile Things (IoMobT) such as the
Internet of Vehicles). The paper gives contributions to ASIoTs from two perspectives: First, we
offer a basic classification taxonomy for ASIoTs and discuss various representative studies and
applications which can be found in the literature; and Second, we discuss a use case for a
biometrics-based ASIoT (termed IoBioT) for illustration and experiments of face-based
biometric recognition on IoBioT are also performed.

Keywords
Application specific Internet-of-Things (ASIoT), Internet-of-Things (IoT), biometrics ASIoT,
big data.

I.

Introduction

Internet-of-Things (IoT) which combines advancements in sensing, mobile computing and cloud
server technologies and platforms have in recent years become highly important and ubiquitous
in the modern world [1], [2]. As more and more applications are deployed using IoT
technologies, the fragmentation of general purpose IoT technologies to target particular sectors
with different requirements is becoming necessary. For example, a customized IoT for environmental water monitoring would have different requirements from a customized IoT for medical
patient monitoring. The latter IoT application would require much higher and stringent
requirements for real-time data transfer and security. This leads to the emergence and
development of IoTs to realize specific requirements for various domains, communications
mediums and industry sectors which for convenience we term as application specific IoTs
(ASIoTs). This paper aims to spur researchers and facilitate the development of ASIoTs for
different user-defined domains, communication mediums and technology constrained platforms.

II.

Studies in ASIOT Research
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This section surveys advancements made in the developments and applications of ASIoTs in
eight representative studies (Internet of Battlefield Things, Internet of Medical Things, Internet
of Animal Things, Internet of Waste Things, Inter- net of Underwater Things, Internet of
Underground Things, Internet of Nano Things, and Internet of Mobile Things). An important
focus is the identification of the various design factors and challenges to be prioritized for the
different ASIoTs. We also offer a basic taxonomy and classification of ASIoTs into three
categories: (1) User domain-driven; (2) Communications medium-driven; and (3) Technology
constraint-driven. The design parameters for user domain- driven ASIoTs are optimized for
parameters defined by the specific user domain.
A. INTERNET OF BATTLEFIELD THINGS (IoBT)
The Internet of Battle Things or also known as the Internet of Battlefield Things (IoBT) [6], [10],
[11], [12] is an illustrative example of an ASIoT which has been designed for military and
defense applications. The design of the IoBT would be strongly influenced by two technologies
(machine intelligence and networked communications). The ‘‘smart things’’ in the IoBT would
include sensors, munitions, weapons, vehicles, robots, and human-wearable devices which are
capable of collecting and processing information, acting as agents to support decision making
and situational awareness, undertaking coordinated defensive actions, and unleashing a variety of
effects on the adversary [6].
B. INTERNET OF MEDICAL THINGS (IoMT)
The Internet of Medical Things (IoMT) is another example of a customized user domain-driven
ASIoT for healthcare and patient monitoring with its own specific requirements and challenges.
Examples of ‘‘smart things’’ in the IoMT would include sensor wearables (e.g. for Parkinson’s
dis- ease, multiple sclerosis), sensors and devices for diabetes, heart rate and electrocardiogram
(ECG), and smart things for insulin and inhalers. The authors in [4] identified the requirement of
interoperability as a major challenge for the IoMT. This important issue deals with the need for
proprietary protocols from medical sensors/devices and smart things from one manufacturer to
be able to communicate with devices and servers from other manufacturers in order that the
collected data can be utilized fully for the diagnosis and health applications and not marooned on
separate data islands
C. INTERNET OF ANIMAL THINGS (IoAT)
The Internet of Animal Things (IoAT) [15] is as an exam- ple of an ASIoT where the smart
objects and devices are used to monitor living creatures (e.g. livestock such as dairy cows, sheep,
cattle) within the IoT. The IoAT would have significant advantages for monitoring the health of
livestock for smart farming applications. Examples of smart things in the IoAT would include
smart cattle collars to monitor rumination, temperature and activity movements, RFID ear tags
and sound analyzers for early detection of respiratory diseases [16]. A recent work by the authors
in [26] proposed a method to detect and classify the screams of pigs for indications of stressful
situations.
D. INTERNET OF WASTE THINGS (IoWasteT)
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The Internet of Waste Things (or also known as the Internet of Bins [17]) is a very useful
application for deployment
in smart cities [18], [20]. The smart things and objects in the
IoWasteT include smart garbage bins (SGBs) [19], RFID tags, sensors, cameras and actuators.
The IoT-based smart garbage system (SGS) proposed in [19] was operated as a pilot project in
Seoul for a one-year period. The battery-based SGBs communicated information with each other
using wire- less mesh networks and a router and server collected and analyzed the information
for service provisioning. A header SGB (HSGB) located within each region was used to analyze
and manage the other SGBs within its region after collecting their information. Their approach
included a cooperation- based operation to increase the battery lifetime in the IoT for energyefficient operations of the SGBs where the HSGB was adaptively selected according to the
battery and memory status of each SGB in the region.
E. INTERNET OF UNDERWATER THINGS (IoUWT)
The Internet of Underwater Things (IoUWT) is an example of a communications medium driven
ASIoT targeted for appli- cation in oceans and other water-based domains. The ‘‘smart things’’
in the IoUWT would include underwater sensors, smart buoys, autonomous underwater vehicles
(AUVs) and ships. The design of the IoUWT would be strongly influenced by the unique factors
for network communications in the water-based medium compared to communications in a
traditional terrestrial medium. The network communications in the IoUWT would employ
acoustic links compared to radio waves for a terrestrial-based IoT.
F. INTERNET OF UNDERGROUND THINGS (IoUGT)
The Internet of Underground Things (IoUGT) [27], [28] is another example of a communications
medium-driven ASIoT targeted in this case for underground network communications. The
IoUGT is particularly useful for applications in environmental monitoring, landslide and
earthquake monitoring and precision agriculture (e.g. for real-time soil sensing and monitoring
[27]). The smart things in the IoUGT include underground (UG) objects (e.g. buried soil sensors
for temperature, moisture, pH sensing, buried seismometers), above ground (AG) smart objects
(e.g. base stations and mobile sinks), smart interfaces for field machinery and irrigation systems.
G. INTERNET OF NANO THINGS (IoNT)
The Internet of Nano Things (IoNT) [7], [30] serves as an example of an ASIoT which is
targeted towards real- ization for a specific technology constraint-domain (in this case
nanotechnology) and the design parameters are strongly influenced by what communications and
information pro- cessing can be performed in this (nanotechnology) domain. Communications on
the nanoscale can take two forms: (1) Molecular communication – utilizing the transmission and
reception of information encoded in molecules; and (2) Nano-electromagnetic communication –
utilizing the transmission and reception of EM radiation based on novel nanomaterials[7].
H. INTERNET OF MOBILE THING
In the traditional IoT, the sensor nodes and devices are mostly static within the network. The
Internet of Mobile Things (IoMobT) [33] represents an ASIoT where the smart things can move
independently and remain accessible within the network. The ‘‘smart things’’ in the IoMobT
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would include mobile personal devices (e.g. smartphones, tablets), mobile robots and vehicles on
highways. The Internet of Vehi- cles (IoV) is a good example of the IoMobT. The authors in
[33] identified four challenges to be addressed for the IoMobT
III.
USE CASE FOR A BIOMETRICS-BASED ASIoT
This section gives an illustration for a user domain-driven ASIoT for biometrics termed IoBioT.
The section first gives an introduction to biometric systems for the IoT. We then give discussions
for a layer architecture for the IoBioT, and some design parameters and customizations for
security, key management and Big data information processing.

FIGURE 1. Elements and components in the Biometrics ASIoT (IoBIoT) layers.
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FIGURE 2. The proposed Biometric ASIoT (IoBioT) architecture.

IV.

Conclusion

This paper has been reviewed and summarized the emerging area of application specific Internet
of Things (ASIoTs) and given a basic taxonomy into three categories (user domain-driven,
communications medium-driven, and technology constraint- driven ASIoTs). Several
representative examples of the different classes of ASIoTs have been drawn from the literature
for illustration of the challenges and design parameters to be optimized for the various ASIoTs.
The design parameters for user domain-driven ASIoTs will require optimization for parameters
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defined by the specific user domain. The design parameters for communications medium-driven
ASIoTs will require optimization for the network communications in the medium (e.g. terrestrial,
underwater, underground mediums) with different properties and characteristics. The design
parameters for technology-driven ASIoTs will require optimization to meet the constraints of the
technology implementation. The paper has also given a use case illustration for a biometricsbased ASIoT (IoBioT) and some layer customizations for security, key management and Big data
information processing. Experiments on face-based biometrics have been performed to validate
the Big biometric data computation layer in the IoBioT. Finally, perspectives and directions have
also been discussed for future research covering interoperability, energy efficient operation,
edge/fog machine learning models, and security/privacy challenges for ASIoTs.
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Abstract—Visualization is appropriate when human capabilities need to be increased rather than replaced by
computational decision-making methods. We would use statistics, machine learning, etc. if a problem were well-defined.
Using visualization for unspecified problems makes use of human visual systems to detect patterns. Computers enable large
datasets to be analyzed and effort saved. Visualization tools help people see the structure of the dataset in detail better than
a brief summary. In this paper, we discuss the history of data visualization, tools, and techniques. At last, we demonstrate
some applications of data visualization.
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I.

MOTIVATION

Data is growing at an unprecedented rate, and in the foreseeable future, it will continue to grow.
Every hardware piece, whether it is a smartphone, a Nest thermostat, a Boeing sensor or an internet
server, collects exquisite quantities of data and pushes it to data warehouses. Engineering-focused
firms have been more industrial in nature in the closing century; products were produced and sold.
It was the lifeblood of crude oil. These businesses have developed assembly lines.
Nowadays, with huge amounts of data flooding, maximum tech companies are absolutely
concerned with solving the statistics hassle. In different phrases, the transformation of data into
enterprise insights is easier. Instead, they create information pipelines— massive pieces of
software used to save, technique, refine, combination, reveal good-sized amounts of records and
surface the insights derived. Raw information is not extraordinarily beneficial, just like crude oil.
To take crude oil and flip it into fuel, a refinery is wanted, handiest then can it electricity jumbo
jets. Similarly, the quit result we need in a records pipeline is slick, clean statistics — capable of
offering enterprise insights in real time.
Of course, few choose a e-newsletter of daily insights. Instead, what corporations choose are
systems the place they can take a look at what-if scenarios, apprehend the legal guidelines
governing the ebbs and flows of the data, and then collect insights from the data— possibly
predictive or validating hypotheses. Nothing does a higher job than a data visualization to current
records in a greater consumable form. A photo really worth a thousand words' to use the cliché.
Every visualization need to and should have a special purpose. A bar chart shows how over time a
volume changes. A pie chart approves you to see how an entire is summed up in parts. Combine
these concepts and have a bar chart stacked. It lets you see the stacking and style of portions over
time. A heat map is appropriate for portions where thresholds be counted over time. Choosing the
right data visualization for the job is not constantly easy. Creating a reusable element for your
front stop utility is even tougher and harder.

41 J.C. Bose University of Science and Technology, YMCA, Faridabad

Many practitioners focus on what is the right type of chart or visual metaphor to display a specific
data set when designing data visualizations. Focusing on the point where the user interacts with,
and trying to make sense of data, certainly makes sense. However, I would suggest that
visualization is often equally important, if not more important, what happens before and after a
user views.
In commercial enterprise scenarios where decision-making is often based on key performance
warning signs (KPIs), business scorecards, and dashboards, selections such as adjusting budgets,
delaying or financing projects, or reallocating data-based sources are common. Sometimes the
choice may appear to be an nearly automated result of insight. But in other contexts, it is often no
longer enough to definitely obtain insight from visualization to convert that grasp into some
variety of useful or significant action. The motivation of the user to act in these cases is integral to
the next step in the process.
INTRODUCTION
Visualization of records is the graphical illustration of information and information. Data
visualization tools supply a handy way to see and apprehend trends, outliers, and patterns in records
by using the use of visual elements such as charts, graphs, and maps. To analyze big amounts of
records and make data-driven decisions, records visualization equipment and applied sciences are
critical in the Big Data world. Colors and patterns draw our eyes. We can quickly become aware of
blue red, circle square.

II.

Visualization of data is some other visual artwork form that captures our interest and keeps our
eyes on the message. We shortly see tendencies and outliers when we see a chart. If we can see
anything, we will quickly internalize it. With a purpose, it's storytelling. If you have ever regarded
at a massive facts sheet and were unable to see a trend, you comprehend how lots extra superb
visualization can be. As the "Big Data Age" kicks into excessive gear, visualization is an
increasingly more key tool for making experience of the trillions of day by day generated records
rows. Data visualization helps to inform memories in a way that is less complicated to understand
by way of curating data, highlighting traits and outliers. A suitable visualization tells a story that
removes the noise from the facts and highlights the useful information.
But it's not just as easy as dressing up a graph to make it look better or slapping on an info graphic's
"info" part. Effective visualization of data is a sensitive act of balancing form and function. The
plainest design may be too boring to trap any notice, or it would possibly make an effective point to
tell; the most gorgeous visualization would possibly fail to carry the right message, or it may speak
volumes. There is an artwork to mix terrific analysis with wonderful storytelling, the facts and the
visuals want to work together.
HISTORY
The earliest visualization seeds arose in geometric diagrams, in tables of the positions of stars and
other celestial bodies, and in mapping to help navigate and explore. Ancient Egyptian surveyors
used the idea of coordinates in laying out cities, earthly and heavenly positions through at least 200
B.C. was placed with the aid of something comparable to latitude and longitude, and Claudius
Ptolemy's map projection of a spherical earth into latitude and longitude[ c.]. Its 85–c. 165] until
the 14th century, Alexandria would serve as a reference standard.

III.

Among the most necessary troubles of the 17th century were those involved with bodily size for
astronomy, surveying, mapping, navigation, and territorial expansion–time, distance, and space. In
the early phase of this century, Christopher Scheiner (1626–1630, recordings from 1611) added an
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concept that Tufte (1983) would later call the' small multiples' precept to show the changing
configurations of sunspots over time, as shown in Fig. 1. The multiple images depict sunspots
recordings from October 23, 1611, to that year's December 19. The large key in the top letter
identifies via letters A–G seven organizations of sunspots. In the 37 smaller images, these
organizations are in a similar way identified, arrayed from left to right and from top to bottom.[1]

Scheiner’s 1626 representation of the changes in the sunspots over time. Source: Scheiner
(1626-1630) [1]
Fig. 1.

There are deep roots in the graphic representation of quantitative information. These roots attain
into the memories of earliest map-making and visible representation, and later into thematic
cartography, statistics, and statistical graphics, medicine, and other fields that are intertwined. They
also join up through the 19th century with the upward push of statistical wondering and massive
records series for planning and trade. Along the way, modern day vast use of information
visualization has contributed to a variety of advances. These consist of image drawing and replica
technologies, advances in mathematics and statistics, and new records collection, empirical
observation, and recording developments. We can see the contemporary fruit from above ground;
we have to seem under to apprehend its germination. Yet the huge variety of roots and vitamins
throughout these domains, which has given upward thrust to the many branches we see today, are
regularly unknown and have never been assembled in a single backyard to be studied or admired.
[2]
The graphic varieties we are using these days date returned to a lengthy time ago. However, in the
books "The Commercial and Political Atlas" and "Statistical Breviary" published via William
Playfair in 1786 and 1801, we see similar forms of present pix such as bar charts, column charts,
doughnut charts, and pie charts. Because facts visualizations have such a long history and are often
used in day by day newspapers, human beings have developed the ability to understand the photos
used in such data. In comparison, data visualizations current numerical values when given in a
simple text, while they are challenging to understand. The contrast here is very vital as this way
impartial information is gaining importance. For example, on the 2013 NBA All-Star teams, data
visualization poster detailing the stats for each player. Visualization of information uses radar
charts to spotlight the strongest areas of every participant in Fig. 2 [3].
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Radar charts, detailing the stats for each of the players on the 2013 NBA All-Star teams
(http://ramimo.com/2013-NBA-All-Stars). [3]
Fig. 2.

CONCEPTS
"Visualization vocabulary identifies the simple constructing blocks of scientific records
visualization techniques. In facts visualization, the most primitive building block that can encode
some useful statistics is a mark-any graphical image seen on a display medium." A mark can be
easy or compound.

IV.

Marks have the residences of position, temporal, and retinal. These ate usually encoded in the
content material of the data. A positional encoding displays the function variant of the marks. A
transient encoding shows how the houses of the marks differ over time. A retinal encoding is any
mark variation that the eye's retina can perceive in addition to position.
"Marks can be in addition categorized by way of representing single or multiple data variables and
single or multiple records points." Single (SV) marks are aligned with a single variable, whereas a
couple of (MV) marks are aligned with more than one variables. A single records (SD) mark for a
single records factor conveys a single value. On the different hand, a more than one information
(MD) mark "shows a range of precis data on the nearby distribution of multiple data points, which
is specifically beneficial when viewing massive multivariate facts sets.
A.

Exploratory Data Analysis
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EDA stresses that there are extraordinary kinds of questions at distinct stages of research, specific
tiers of specificity of hypotheses used, and exclusive degrees of specificity of conclusions that are
justified. EDA does no longer call for the abandonment of CDA, but instead for the expansion of
records analysis to incorporate a broad range of attitudes and techniques appropriate for the range
of degrees and questions of scientific work. [4]
The figure 3 explains the data science process with the EDA as one of the important aspects.

Data Science Process
(https://upload.wikimedia.org/wikipedia/commons/b/ba/Data_visualization_process_v1.png)
Fig. 3.

B.

Graphical Excellence

A system of redefinition to accommodate computational photographs is starting graphic
excellence. In this process, the customary wisdom of what tools and competencies are required to
produce excellence in visualization is itself being redefined to incorporate new deictic facilities,
among other changes. For the first time, these services are enabled via the controlled dynamics
offered by using computer graphics. The amenities are going to be in demand as they will allow
customers to categorical complex task-specific pointing intentions. [5]
The well-designed presentation of fascinating facts is graphical excellence — a matter of
substance, statistics, and design. It consists of complicated ideas that are communicated with
clarity, accuracy, and efficiency. It is what gives the viewer the greatest range of ideas with the
least ink in the smallest space in the shortest time. It's almost always multivariate. And it requires
graphics excellence to tell the truth.

Example of chart junk (https://kevinlanning.github.io/DataSciLibArts/principles-of-datavisualization.html)
Fig. 4.
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Fig. 4 is a poorly designed graph which misleads the facts. The revenue of Apple is in billions
whereas the revenue of Samsung and LG is in trillions.
Marks and Channels
A mark is a basic graphical element in an image. Geometric primitive object classified by number
of dimensions.
C.

Fig. 5.

Different types of marks

A channel is a way to control the appearance of marks. Use of multiple channels at the same time
allows for redundantly coding marks.

Fig. 6.

Different types of channels

Marks may differ between table datasets and network datasets. In table datasets, marks represent
items. In network datasets, marks may represent items (nodes) or relationships between items
(links). [6]
TECHNIQUES
The statistics normally consists of a massive range of documents in statistics visualization, each
consisting of a wide variety of variables or dimensions. An observation, measurement, transaction,
etc. corresponds to every record. Examples encompass purchaser properties, transactions on ecommerce, and bodily experiments. The quantity of attributes can range from data set to the data
set: for example, five variables can describe one precise physical experiment, while heaps of
variables may additionally be wanted for another. The variety of variables is called the data set's
dimensionality.

V.

Data sets can be one-dimensional, two-dimensional, multidimensional, or more complicated types
of data, such as text/hypertext or hierarchies/graphs. A distinction is on occasion drawn between
dense (or grid) dimensions and dimensions that may additionally have arbitrary values. The
46 J.C. Bose University of Science and Technology, YMCA, Faridabad

records is occasionally referred to as univariate, bivariate, etc. depending on the range of
dimensions with arbitrary values. There are a large quantity of methods of visualization that can
be used to view the data. There are a range of more sophisticated visualization techniques in
addition to standard 2D/3D-techniques, such as x-y(x-y-z) plots, bar charts, line graphs, etc. The
lessons correspond to the fundamental concepts of visualization that can be mixed to enforce a
precise system of visualization. [7]
A.

Cartography

Maps and geographical data have become visible and useful for both the gravest and mundane
human problems in a key moment because the nexus of social and technological changes now
makes them visible and useful. Location-based services alone have shifted in the past decade from
a theoretical idea to a daily reality for millions around the world. The size and complexity of
geographical data streams increases.[8]

Fig. 7.

B.

Maps with Cartography (https://github.com/riatelab/cartography)

BarCharts, Histogram and ScatterPlot

Bar charts are first-rate for specific statistics comparisons. They are handy to examine on account
that it is convenient to see which categories are large and which are smallest and which variations
are between classes with the placement of the base of the bars along an axis. It is vital that we
constantly start the quantitative axis at nil, otherwise, the bars can't be compared accurately. It is
additionally wrong for users to start from an exceptional base, sometimes even ethically.
If we choose to make another comparison within the time scale, bars can be used for the time
collection data. Bars may additionally be used, for example, to examine budgets with authentic
prices over months. If we desired to see solely actual month-to-month costs, a line sketch is a
higher option.[9]
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Fig. 8.

A bar chat showing the occupations of the population in Britain (Smith, V. 1996)

Although histograms appear similar to bar charts, in fact, they are completely different. As
described above, bar charts tune and are quantitatively sequential specific data. A histogram
displays the distribution of data; it also tracks quantitative statistics but does now not have any
gaps between containers with "binned" statistics (grouped into intervals). The dimension of the bin
have to be analyzed but carefully chosen so that the information are represented in a significant
way.

Fig. 9.

A histogram that shows fequencies for intervals of values

A scatter plot is a data display that displays as points the values of two different variables. The
data is represented on the visualization for each point by its horizontal(x) and vertical (y) position.
The labels, marks, color, transparency, size (blue) and the creation of' small numbers' of
spreadsheets can codify additional variables. Scatter plots are also referred to as disperse plots,
diagrams, dispersion diagrams, dispersion charts and dispersion diagrams.

Fig. 10. A

scatter plot that revenue vs unit sold
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A scatterplot shows data for a set of variables (columns of a table), where each row is shown as a
point in the dispersion plot.[9]
VI.

A.

APPLICATIONS
VisDB: database exploration using multidimensional visualization

This paper describes the VisDB system that allows large databases to be explored through
visualization techniques. The system's objective is to support the query specifying process by
using every pixel of the display for a single database item. The user gets a visual impression of the
resulting data set when arranging and coloring the pixels according to data items ' relevance to the
query. The user can dynamically modify the query using sliders for each condition of the query
and get immediate feedback from the visual representation of the resulting data set. For various
exploration phases, different visualization techniques are available. The first technique uses
multiple windows of each search part, provides visual feedback for each section of the search and
helps the user to understand the total result. The second is to extend the first technique and provide
further information through the assignation to the axes of two dimensions. The third technique
uses a group of measurements to support a concentrated search for smaller data sets.[10]

Fig. 11. VisDB

System [10]
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GeneNetwork: an interative tool for resoncstruction of genetic networks using microarray
data
B.

The insertion of time series data from high-performance experimental technologies like cDNA
microarray into the genetic network architecture can help us understand life organic system
behaviour. GeneNetwork was developed, an interactive tool that provides four model reversal of
engineering, and three approaches to data interpolation to infer gene relationships. GeneNetwork
allows a user to reconstruct micro array-based genetic networks readily without having an intimate
understanding of mathematical models. A simple graphical user interface allows quick, intuitive
network mapping and analysis that allow biologists to explore gene interactions at the system
level.[11]

Fig. 12. Crossover

and mutation rule on index gi j and hi j[11]

C. Linked Data Maps: Providing a Visual Entry Point for the exploration of datasets
Increasing and invaluable information and knowledge is the connected data sets. However, there
are still certain nontrivial obstacles in the broad use of this large amount of interconnected
structured data. Users have problems getting their work on Linked Data Sources started. In fact, it
requires a thorough knowledge of its specific classes, instances and properties to inquire and
generally address such data sets. A point of entry that facilitates access to such information is
considerably thought to reduce and encourage barriers to this technology. Linked data maps are an
interactive, map-like visualization method for representing RDF graphs based on our previous
work focused on DBpedia visual expérience. It extends the approach to a broader range of linked
data sets and is tested on two distinct RDF charts with a user evaluation study.[12]

Fig. 13. The

linked Data Maps approach.[12]

VII. CONCLUSION
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An important, however hard problem is the exploration of large information sets. Techniques for
visualizing data can help remedy the problem. Visual statistics exploration has exquisite workable
and numerous purposes like fraud detection and data mining are used for multiplied information
analysis the usage of records visualization technology.
In the future, visual strategies will be carefully built-in with normal strategies in such disciplines
as statistics, computer learning, operational research, and simulation. The integration and
improvement of visualization technology would quickly combine automated facts mining
algorithms with the intuitive strength of the human spirit and extend the quality and pace of the
visible records extraction process. Visual facts mining strategies should also be tightly integrated
with the structures for coping with a vast array of relation and semi-structured information, along
with database administration and warehouse systems. The purpose is to bring visualization
technological know-how energy to each computing device so that very giant statistics resources
can be better, quicker and more intuitive explored. This is not only economically valuable;
however, it additionally stimulates and delights the user.
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Abstract—Data Visualization is the use of visual representations to explore data, get meaningful insights from data and
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some applications of data visualization.
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I. MOTIVATION
Data is increasing at an extraordinary rate, and in the coming future, it will continue to increase. There is a number of data
collection techniques used nowadays. Even smartphones or an internet server can be used to gather data. The visualization has
helped many industries to grow including startups. The power of visualization has helped to detect patterns and analysis of data
which helped in providing business solutions to various companies.
Many disciplines view data visualization as a modern visual communication equivalent. It involves creating and studying data v
isual representation. Data visualization is both an art and a science. Some consider it a branch of descriptive statistics, but
others also consider it a grounded theory development tool. Increased amounts of data created by Internet activity and an
expanding number of sensors are referred to in the environment as "big data" or the Internet of things. It is ethical to process,
analyze and communicate these data.
In data analysis or data science, it is one of the steps. According to Friedman (2008), the "main objective of data visualization is
to communicate information clearly and effectively by means of graphical means. This does not mean that data visualization
needs to look boring in order to be functional or extremely sophisticated in order to look beautiful.
In structuring visual representations, numerous professionals center around what is the correct kind of graph or visual allegory
to show a particular arrangement of information. It unquestionably bodes well to concentrate on the point where the client
cooperates with, and to endeavor to understand information. I would recommend, in any case, that representation is regularly
similarly as significant, if not progressively significant, what occurs when a client sees.
In business enterprise scenarios where decision-making is regularly primarily based on key performance warning symptoms
(KPIs), enterprise scorecards, and dashboards, preferences such as adjusting budgets, delaying or financing projects,
reallocating data-based sources are common. Sometimes the desire may show up to be a nearly computerized result of insight.
But in other contexts, it is regularly no longer ample to surely achieve perception from visualization to convert that hold close
into some variety of beneficial or considerable action. The motivation of the person to act in these cases is critical to the next
step in the process.
II. INTRODUCTION
Data visualization is a graphical data and information illustration. Data visualization equipment provides an on-the-spot way to
see and understand file trends, outliers, and patterns through the use of visual elements such as charts, graphs, and maps. In
order to analyze large amounts of files and make decisions based on data, information visualization equipment, and applied
sciences are required in history.
The earliest visualization seeds arose in geometric diagrams, in tables of the positions of stars and other celestial bodies, and in
mapping to help navigate and explore. Ancient Egyptian surveyors used the idea of coordinates in laying out cities, earthly and
heavenly positions through at least 200 B.C. was placed with the aid of something comparable to latitude and longitude, and
Claudius Ptolemy's map projection of a spherical earth into latitude and longitude[ c.]. It's 85–c. 165] until the 14th century,
Alexandria would serve as a reference standard.[1]
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Visualization of first documented statistics can be tracked again to 1160 B.C. With Turin Papyrus Map, which precisely
illustrates the distribution of geological resources and offers records on the quarrying of such resources. Such maps can be
categorized as Thematic Cartography, a kind of records visualization that offers and communicates unique data and facts thru a
geographical perspective. [1]. History of data visualization is described in the research paper.

III. HISTORY
There's no whole 'history' of records visualization. There are not any cash owed that span the whole development of seen
questioning and the visible illustration of records, and which collate the contributions of disparate disciplines.[2] Michael
pleasant and Daniel J Denis of York college are engaged in a challenge that attempts to offer a complete data of visualization.
Opposite to modern-day belief, information visualization is not a present-day improvement. Stellar facts or statistics inclusive
of the location of stars have been visualized at the partitions of caves (along with the ones decided in Lascaux fall down
Southern France) seeing that the Pleistocene era.[3] bodily artefacts alongside with Mesopotamian clay tokens (5500 BC), Inca
quipus (2600 BC) and Marshall Islands stick charts (N.D.) can additionally be taken into consideration as visualizing
quantitative data.[4][5]
First documented information visualization may be tracked again to 1160 B.C. With Turin Papyrus Map which accurately
illustrates the distribution of geological sources and affords data about quarrying of these resources. Such maps can be
categorized as Thematic Cartography, it is a form of facts visualization that provides and communicates unique statistics and
data through a geographical illustration designed. to exhibit a precise difficulty matter related to a chosen geographic
vicinity[1]. An illustration from 1869 is shown in Fig.1.

Fig1. Charles Joseph Minard's 1869 diagram of Napoleonic France's invasion of Russia, an early example of an information graphic. Link:
https://en.wikipedia.org/wiki/Data_visualization#History_of_data_visualization

There are many historical records of development inside the fields of probability (Hald (1990)), statistics (Pearson (1978),
Porter (1986), Stigler (1986)), astronomy (Riddell (1980)), cartography (Wallis and Robinson (1987)), which relate to, inter
alia, some of the imperative traits contributing to trendy information visualization. There are other, extra specialized records
which emphasize at the early history of graphic recording (Hoff and Geddes (1959), Hoff and Geddes (1962)), statistical
graphs (Funkhouser (1936), Funkhouser (1937), Royston (1970), Tilling (1975)), turning into equations to empirical
information (Farebrother (1999)), cartography (Friis (1974), Kruskal (1977)) and thematic mapping (Palsky (1996), Robinson
(1982)), and so forth; (Robinson (1982, Ch. 2)) offers a tremendous assessment of a range of the fundamental scientific,
intellectual, and technical traits of the 15th–18th centuries main to thematic cartography and statistical thinking. But there are
no records that span the complete enhancement of visual thinking and the visible illustration of information, and which collate
the contributions of disparate disciplines. As much as their histories are intertwined, so too want to be any telling of the
development of data visualization. Every other reason for interweaving those accounts is that practitioners in these fields
today have a tendency to be incredibly specialized, frequently unaware of associated developments.[6]

IV. TECHNIQUES AND CONCEPTS
The visualization is mostly used for human consumption hence it very important for visualization to effective, covey
information, should contain appropriate visualization techniques and graph to reduce the cognitive load on humans to gain
information. Concepts and Techniques for visualization are described below.
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A. Effective graphical visualization for human perception
Professor Edward Tufte explained that users of information display perform specific analytical tasks such as comparisons.
The information graphic design principle should support the analytical problem.[7]. As shown by William Cleveland and
Robert McGill, this is accomplished effectively by different graphic elements. Dot plots and bar charts, for example, are
superior to pie charts.[1]
Edward Tufte defines ' graphical displays ' and principles for effective graphical display in his 1983 book. The Visual Display
of Quantitative Information in the following passage: "Excellence in statistical graphics consists of complex ideas
communicated with clarity, precision, and efficiency.
Graphical visualization need to display the data, should not be too complicated for users to avoid focusing on methodology,
graphic design, and technology, should not be misleading, should take much space, make large data sets coherent, encourage
users to be able to compare data, several levels of details should be provided, serve a clear purpose of tabulation, exploration,
and description. Graphics reveal data. Indeed, graphics can be more precise and revealing than conventional statistical
computations."[8]
For instance, the Minard diagram shows the losses that Napoleon's army suffered during the period 1812–1813. There are six
variables plotted: army size, location on a two-dimensional surface (x and y), time, movement direction, and temperature. The
line width shows a comparison (the size of the army at times) whereas the temperature axis suggests a cause of the change in
the size of the army. This multivariate display on a two-dimensional surface tells a story that can be immediately grasped
while identifying the source data for credibility building. In 1983, Tufte wrote: "It might well be the best statistical graph ever
drawn"[8]. Figure .2 shows the life expectancy of the population in various years is an example of an effective graphical
display.

Fig.2, shows the life expectancy of the world population in 1809, 1950, and 2012.Link:https://external-preview.redd.it/3bQR5yQfT1KNqa8r4OQkNAKgrZQE95CgMg1A7aN3cw.png?auto=webp&s=8b26cb079dad42fae5e403aebe54fc0997e9fbc5

B. Graphs in Visualisation
Graphs play a very important role in visualization. It is very important to choose the right type of graph in visualization to
produce an appropriate visualization. Various types of graphs include but not limited to bar charts, scatter plot, line chart, heat
map. Some of the charts are discussed in detail.
B.1 Line charts
Line charts show one variable to another's relationship. They are usually used over time to track changes or trends. Line
charts are also useful to compare multiple items over the same period. For several variables, the stacking lines are used to
compare trend or individual values (see Figure 1). You may want to use line charts when you need to clearly display the
change in a variable and when information about the pattern to forecast something is of value. It is also important to keep in
mind that just because you have data points, you should not pick a line chart. Instead, the number of data points with which
you work may dictate the best visual to use. For instance, I can use 10 data points to simply put up as a line chart however
they might/might not show any trend.[9] Figure 3. shows the example of a line chart. [10]
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Fig.3, the figure shows the relationship of one variable in the x-axis to another variable in the y-axis

B.2 Bar charts
Bar charts are most generally used to compare different category or group quantities. If values are sufficiently distinct to
allow the human eye to detect differences in the bars, you can use a simple bar chart. If values are sufficiently distinct to
allow the human eye to detect differences in the bars, you can use a simple bar chart. However, when the values (bars) are
very close together or when there are large numbers of values (bars) to display, it becomes more difficult to compare the bars.
Bars may have different colors to help provide visual variance. You can use the colors to indicate things like a specific status
or range. When most bars are in a different range or status, coloring the bars works best. The color becomes irrelevant when
all bars are in the same range or status and keeping the color consistent or have no coloring at all is most visually helpful. The
progressive bar chart, or waterfall chart, is another form of a bar chart. A waterfall chart shows how during a series of
operations or transactions the initial value of a measure increases or decreases (see Figure 4). The first bar starts at the initial
value and begins where each subsequent bar starts. [8][9]

Fig.4 represents the waterfall chart, shows the initial value of measure increases or decreases during a series of the transaction [10]

B.3 Scatter plots
A scatter plot (or X - Y plot) is a two-dimensional plot showing the two data items ' joint variation. Each marker (symbols
like dots, squares and plus signs) is an observation in a scatter plot. The position of the marker indicates the value of each
observation. Also supporting grouping is the scatter plots. A scatter plot matrix is produced when you assign more than two
measures. A scatter plot matrix is a series of scatter plots displaying every possible pairing of the visualization-assigned
measures. Scatter plots are useful to examine the relationship between X and Y variables, or correlations. Variables are said to
be correlated if they have a dependency on another variable. For example, profit is related to sales. Regression and correlation
can be performed using a scatter plot.[9]
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Fig5 shows the relationship between two variables in the scatter plot[9]

B.4 Pie Charts
There's a lot of discussion about the value of pie charts (and their more modern counterpart, donut charts), which are used to
compare a whole's parts. However, they can be hard to decipher because it is difficult for the human eye to estimate areas and
compare visual angles. Another challenge to analyze using this chart is that it is tough to compare pie or donut slices, or
sections, comparable in size but not next to each other. If you use these charts, when there are limited components and when
text and percentages are included to describe the content, they are most effective. By providing additional information,
consumers need not guess the value of each section. It is preferable to use pie chart as a percentage of a whole. [10][12]

Fig.6: The figure shows the pie chart where each slice shows a percentage of the total pie.[12]

C. Channels in Graphical Visualisation
Mark is a basic graphical element and channel control the appearance of the mark. There are two kinds of principle involved,
expressiveness principle shows the visual encoding should express all and only information in the attributes of the dataset and
lie factor. Principle of effectiveness says the significance of the attribute should match the channel's selectivity and data-ink
ratio. Humans highly identify a change in position.[13]
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Fig.7shows rank of channel expressiveness
and/9781466508910/K14708_C005.xhtml

and

effectiveness

types.

Link:https://www.oreilly.com/library/view/visualization-analysis-

D. Perception in visualization
Without significant processing effort, a human can easily distinguish differences in line length, shape, orientation and color
(hue); these are referred to as "pre-attending attributes." For instance, it may require substantial time and effort ("attention
processing") to identify the number of times that digit "5" happens in a series of numbers; so if this digit is different in size,
orientation, or color, instances of the digit can be noted quickly through pre-attention processing.[11] Effective graphics take
full advantage of pre-attention processing and features and relative s. For example, since people can process differences inline
length more easily than area, the bar could be more effective in this case. [11]
For human only, nearly all data visualizations are created. Awareness of human perception and cognition is required when
designing intuitive visualizations. Cognition refers to processes in humans such as perception, attention, learning, memory,
thought, concept formation, reading, and problem-solving.[12] Human visual processing is effective in detecting changes and
contrasting quantities, sizes, shapes, and variations in lightness. When symbolic data properties are mapped to visual
properties, people can efficiently browse through large amounts of data. It is estimated that visual processing can involve the
2/3 of the neurons of the brain.

Fig8. Shows Without significant processing effort, a human can easily distinguish differences in line length, shape, orientation and color (hue)
Link:http://daydreamingnumbers.com/wp-content/uploads/2016/11/preattentiveattributes-1.jpg

E. Exploratory Data Analysis
Exploratory data analysis (EDA) is an approach in statistics to analyze data sets, often using visual methods, to summarize
their main characteristics. A statistical model may or may not be used, but EDA is primarily to see what the data can show us
beyond the task of formal modeling or testing hypothesis. EDA differs from the initial data analysis (IDA)[14], which focuses
more closely on checking the assumptions required for model fitting and hypothesis testing, managing missing values and
transferring EDA differs from the initial data analysis (IDA)[14], which focuses more closely on checking the assumptions
required for model fitting and hypothesis testing, managing missing values and transferring.

57

J.C. Bose University of Science and Technology, YMCA, Faridabad

Fig.9: The figure is an example of Exploratory Data Visualization[15]

Unconscious of historical precedent, researchers can use denotations of their name to develop their own definition of EDA. In
general, the term is sometimes used to mean exploratory analysis. Mulaik (1984), for example, discussed a long history of
generic “exploratory statistics” in response to an article concerning EDA (Good, 1983), and yet scarcely mentioned the
specific tradition of EDA to be discussed in this essay. Sometimes the model-building approach of Box (e.g., 1980) is
considered exploratory, although it relies more heavily on probabilistic measures than does EDA.[15]
John Tukey described data analysis in 1961 as: " Procedures for analyzing data, techniques for interpreting the results of such
procedures, ways of planning the gathering of data to make its analysis easier, more precise or more accurate, and all the
machinery and results of (mathematical) statistics which apply to analyzing data.”
Tukey's EDA excellence encouraged the growth of statistical computing packages at Bell Labs, in specific S. The language of
S programming inspired the' S'-PLUS and R systems. This family of statistical-computing environments featured significantly
enhanced dynamic visualization capabilities, enabling statisticians to identify outliers, patterns, and trends in data that merited
further research.[14]
Tukey's EDA was linked to two other developments in statistical theory: robust statistics and non-parametric statistics, both of
which attempted to reduce the sensitivity of statistical inferences to errors in statistical model formulation. Tukey encouraged
the use of a five-number summary of numerical data— the two extremes (maximum and minimum), the median, and the
quartiles— because these median and quartiles, which are functions of empirical distribution, are defined for all distributions,
unlike the mean and standard deviation; moreover, quartiles and median are more robust to skewed or heavy-tailed
distributions than traditional summary.[16]
Exploratory data analysis, robust statistics, and statistical programming language development facilitated the work of
statisticians on issues of science and engineering. Such issues included semiconductor manufacturing and understanding
communications networks, which concerned Bell Labs. These statistical developments, all excelled by Tukey, were designed
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to complement the analytical theory of testing statistical hypotheses, especially the emphasis placed on exponential families
by the Laplacian tradition [16]
E.1 Development of EDA
As per the book written by John Tukey, ‘Exploratory Data Analysis’ hypothesis should be suggested by data using EDA,
instead of putting emphasis on statistical hypothesis testing. The aim of EDA is to Recommended hypotheses on the causes of
observed phenomena, Evaluate hypotheses on which statistical observation will be based Support the selection of suitable
statistical tools and techniques Provide a foundation for further data gathering through survey results or experiments[17]
Many EDA techniques have been adopted in data mining as well as Big Data Analytics[18 ].
E.2 Graphic analysis in EDA
EDA's focus is on graphical analysis. Tukey (1977) summarized the role of graphics in EDA by saying that a picture's greatest
value is when it forces us to see which we never intended to see. Graphical summaries are now almost universally sought to
boost algebraic summaries because graphics can simultaneously reflect various data values, while algebraic summaries often
summarize important data attributes or fail to recommend important patterns. For example(see fig.10, a scatterplot matrix can
be plotted to perform EDA). [15]

Fig.10: Scatter plot matrix of Paap and Johansen (1994) word verification data. Outliers are marked with"x" l. Regression lines were added to indicate
predicted values as would occur with and without the included outliers. (RT= reaction time; NS= neighborhood size; HFN= neighbors with high frequency;
WF= word frequency.SBF= bigram frequency summation; )[15]

V. CONCLUSION
Data Visualization is nowadays used by many domains. It is now called as visual communication these days and has become
vital to many industries. Data Visualization is now used to provide business solutions to the company. Graphics play a very
important role in data visualization. It is very important to know the right technique and use of appropriate graphs to perform
data visualization. One of the important aspects of data visualizations is performing Exploratory Data Analysis. Exploratory
Data Analysis helps to gain insights into data. EDA can be used for development and refinement of hypothesis.
In the future, Data Visualization will be used by almost all disciplines and expected to be more carefully integrated with data
mining algorithms and other techniques using statistical analysis. The aim is to use visualization so that giant statistics data
and resources can be explored quickly and in a better way to captivate the user.
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Abstract.
The objective of this paper is to study the spray macroscopic behavior of biodiesel fuel based on an ultra high injection
pressure system (>1500 bar). In order to solve the problem of CO, HC and PM emission, it is obligatory to observe the internal
combustion chamber of diesel engine. Atomization and vaporization play key role in combustion chamber in diesel engine and
these are influenced by density and viscosity of fuel. Viscosity and density are influenced by pressure as well temperature. It
showed that injection pressure affects significantly on spray behavior. It is not advisable to perform the experiments on
different fuels at higher injection pressure. So Computational Fluid Dynamics (CFD) studies are to achieve the spray
characteristics for Waste cooked Oil (WCO) biodiesel in the present work. Model predictions were illustrated to compare with
current work. High injection pressure increases the spray tip penetration. The spray tip penetration for biodiesel at 1600 bar is
17.5cm cm in 1.5ms. Spray cone angle depends on the back pressure inside the chamber. If back pressure increases the spray
cone angle increases and when back pressure decreases spray cone angle decreases. Atomization of fuel is characterized by
droplet size or Sauter mean diameter (smd). Sauter mean diameter depends on surface tension and viscosity. Biodiesel(WCO)
show 6µm of SMD at 1600 bar at density 0.90 g/ml, kinematic viscosity 4.80 mm2/ and surface tension 35 mN/m. CFD
proved it potential for prediction of flow field

Key Words: Waste cooked oil (WCO), spray tip Penetration, Viscosity, Surface Tension, CFD

Introduction:
Annually there is about 23-million tonne cooking oil is consumed in India. As per reports, India is second-largest buyer
of cooking oil. A direct repercussion of this is the generation of waste cooking oil which is difficult to manage. Because
dumping of cooking oil causes several effects like pollutes river, soil and fresh water resources. Oil can provoke the
blockage of pipes. It is also very difficult to re-use due to serious health issues. Biodiesel production is suitable route for
potential utilization of waste cooking oil. Thus the best way to reduce consumption of diesel is by using waste cooking oil
biodiesel. The diesel engine provides several advantages like superior fuel economy. It has high compression ratio as well as
long service life and is commonly used in various vehicle equipments. The rapid dieselization in India consumes 4 to 5 times
higher than gasoline. From the above observation, it is concluded that it is very significant to use alternate diesel fuel. This
fuel can be produce domestically which delivers better exhaust emission profiles. The big concerns have seen for the harmful
emissions of conventional diesel combustion, it includes carbon monoxide (CO), nitrogen oxides (NOx), particulate matter
(PM), and hydrocarbon
(HC) emission. Biodiesel has major advantages over diesel. Because it has sulphur free, non-toxic, oxygenating,
biodegradability and renewable properties [1]. There is reduction in emissions of HC, CO and PM as compared with pure
diesel. However an increase in NOx is occurred [2,3]. Since waste cooked oil (WCO) have different physio-chemical
properties than diesel fuel. So it is seen from several studies that usage of waste vegetable oil shows the incomplete
combustion [4-9]. In this study the atomization behaviour of biodiesel has been done to compare in a various ways. In this
comparative study the effects of biodiesel has investigated at very high pressure. Spray characteristics and fuel properties are
an important parameter for combustion efficiency of the diesel engine [10]. Specially, Density, viscosity, surface tensions
are the key factor for spray behaviour. Lin.et.al [11] has done study on spray macroscopic characteristic by varying ambient
as well as injection pressures. They observed the working condition of the engine combustion chamber and signify an
important influence of the spray on combustion. Similarly Lee et al [12] investigated the influence of kinematic viscosity and
surface tension. Significant effect has been seen on spray characteristics. Many researchers observed the use of vegetable oil
increases the fuel consumption and exhaust emissions. It is also seen that CO and NO emissions of Diesel fuel are less than
vegetable oils. Chaker et al. [13, 14] examined variables like air velocity, injection pressure; these variables influence the
drop size. Durdina et al. analysed on Phase-Doppler Particle Analyser (PDPA) as well as Particle Image velocimetry (PIV).
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They explore about pressure-swirl atomizer to enhance the spray behaviour. At low gauge pressure liquid would concentrate
at spray axis. When injection pressure increases the mass flow at the periphery get higher and creates full cone. [15].
.
An experimental investigation has been done on alternate fuel and diesel fuel by Chen et al [16]. It is recommended
that spray tip penetration is straight related to injection pressure, time duration. However inversely correlated to ambient
pressure. It is found from invicid theory that coefficient of discharge do not depends on Reynolds number. Nevertheless with
the increase in Reynolds number spray cone angle and sauter mean diameter decreases. Similar kind of results is also
obtained for penetration of fuel by Azamiet.al [17]. Validation of experimental results which is performed in wind tunnel,
Montazeri et al.[18] suggested that prediction of evaporative cooling by water spray can accurately measured by EulerianLagrangian (3D steady RANS) approach. PDPA was used for characterization of hollow-cone spray structure by Santolaya
et al. [19] near field for sheet disintegration regimes. It is concluded wavy-sheet disintegration gives finer spray at higher
radial dispersion. A hybrid breakup model was suggested by Shim.et.al [20]. They used to identify fuel spray from a highpressure swirl injector. Linearized Instability Sheet Atomization (LISA) model was employed for primary breakup and
Aerodynamically Progressed Taylor Analogy Breakup (APTAB) model was accounted for secondary breakup which also
includes droplet deformation under aerodynamic external force. An investigation on the Two phase turbulence structure has
been done theoretically and experimentally by Chang et.al [21]. They have observed negligible effect of turbulence
dispersion by Monte Carlo method. Even not seen effects by employing turbulence modulation model. But EulerianLagrangian formulation provides a well match with experimental data. In this study, Aim is to validate the experimental
results by providing reliable spray model to see the aerodynamics characteristics of full cone spray and investigation of spray
behaviour of Waste cooked oil (WCO). Some interesting work has been analysed. Specifically, the complex phenomena
such as both primary and secondary atomization. It is also analysed like turbulent dispersion, droplet evaporation, and
droplet collisions. Since there is a two flow field phenomena so it is carefully observed to represent the physical phenomena.

Experimental set up:

Figure.1: Experimental set up of spray behavior

Fig.1 depicts the experimental set up for inquiry of spray behavior. The set up consist of common rail injection and visual
pressure vessel system. Visual pressure vessel has been used for controlling ambient pressure of liquid spray. Which is made
up of stainless steel and has three observation windows of diameter 85 mm. It is easy to study the fuel spray characteristic as
well as to examine numerical solution of engine combustion chamber. The ambient pressure is controlled by the intake
valve. Fuel injection pressure is regulated by a common rail system. Thermocouple is use to control the ambient temperature.
In this experiment electronic fuel injector and single hole injection nozzle are used. The common rail injector is having
diameter 0.18 mm, pulse width 700 ms and frequency 1.5 HZ. Solenoid valve is used to control the injection.. The schlieren
method has been used to study the spray macroscopic behavior. LED lamp is used for light source and lenses for parallel.
The spray characteristics of fuel in chamber are recorded by high speed camera. In this experimentation the high-speed
camera has been located which have the resolution of 856 3 896 pixels and can generate 11,000 frames per second.
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Numerical simulation:
Continuous Phase Air:
The mass conservation or continuity equation (1) for continuous gas flow described by the Reynolds-Averaged NavierStokes (RANS) conservation equations. It can be written in Cartesian tensor form as follows:
( u i ) + 
(1) Where ρ=density, u i  velocity in ith direction s m  mass added to continuous phase.
( ui )  sm
t
xi
This is generalized equation for the conservation of mass and it is valid for both the compressible and incompressible flows.
The source term

s m  mass addition of the continuous phase from the dispersed phase.

Momentum Equation: The conservation equation of momentum (2) can be written in partial differential form in the
ith direction as:
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And Stress tensor equation (3) for Newtonian fluid can be written as:
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Where, µ shows the molecular viscosity. The second term on R.H.S represents the effect of volume dilation. Where P, ρg i, F i
are static pressure, gravitational body force, gravitational body force and external body force respectively.

The Energy equation.
The Energy equation (4) can be written in the following form

 ( E ) +
t



T
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( ij u j )  f i ui  q H ….(4)
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Where H=enthalpy K= isotropic thermal conductivity, u i f i 

q Hi =Energy transfer per unit
Work done by body force

volume due to chemical reaction, E=Total specific energy of gas. Reynolds stresses are typically modeled by an eddy
viscosity approach.
For closure of the above set transport equations are applied for k- ε turbulence model. These equations of turbulence
model have been recommended from earlier studies. In the rivat deviation of k- ε model, it is considered in assumption that
the effect of molecular viscosity is negligible as well as the flow is fully turbulent. Therefore standard k- ε model is used for
fully turbulent flow. Y.Sun et al. [22] have studied the numerical model to create liquid break up and spray development. it
employs c that to account for this multiphase phenomenon, Eulerian-Lagrangian correlation was used. Eulerian formulation
describes continuous gas medium. Discrete droplets are identified by the Lagrangian approach. Reynolds-Averaged Navier
Stokes (RANS) equations provides the solution for turbulent gas flow. The standard k-Ɛ turbulence model was reported to be
capable of adequately describing water sprays including droplet collisions and for turbulence closure [23-24]. In this study
same k-Ɛ model is used from previous researches to validate against experimental data. It shows good accurateness and
dependability.

63 J.C. Bose University of Science and Technology, YMCA, Faridabad

Discrete Phase:
The droplets motion is identified by Newton's second law. It is assumed that the influence of gravitational force is negligible.
While the only force acting on the droplet is drag force. Therefore Drag force is responsible for the retardation. The equation
for droplet motion as given in (5).

du p 1
d p2
1
1d p 3
 (u g  u p ) | u g  u p | C D 
f
6
dt 2
4

(5)

Where up and ug are the particle as well as gas velocity respectively. F is additional force which is acting other than drag
force. Cd is the droplet drag coefficient as shown in equation (6).
a2
a
(6)
 2
Re Re 2
Where Re is Reynolds no, a1, a2 and a3 are constants which are depends on Re mentioned by Morsi and Alexander [25].
C D  a1 

Break up model and Atomisation:
To get cone-shaped spray and high atomization efficiency, a pressure swirl atomizers are used. In this liquid jet is forced
with circulation motion. Due to that there is a formation of thin liquid film along the circumference of the wall. After outlet
from the nozzle, tangential component of liquid get converted in to radial component of motion. The above phenomena form
a liquid sheet. This sheet experiences an aerodynamic instabilities and it breaks up in to ligaments [26].
Liquid jet break in to droplets is caused by several mechanisms like external aerodynamic forces acting on the liquid
jet, creation of turbulence within the liquid phase and implosion of cavitations bubble. Liquid and gas densities contribute
for above mechanism. Relative velocity between liquid and gas, surface tension and viscosity of liquid also affect the
breakup characteristic. To solve the above effects, Linearized Instability Sheet Atomization (LISA) model is used. It is
developed in ANSYS Fluent by Schmidt et al. [27]. The centrifugal motion of the liquid generates an air core within the
injector. It is enclosed by a liquid film
The thickness of film ht is determined by equation (7)
.

ht  0.5( Dinj  Dinj 

Where
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l
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)

shows the liquid density. Dinj is the injector orifice diameter, and

meff

represents the effective mass flow rate,

shows the axial velocity at the injector exit. The axial component of velocity at the injector exit is found out by using

cone half-angle



as shown in equation (8).

(8)
u axis  U cos
The relation between the total velocity U and pressure drop is given by equation (9)
2p

(9)
1
kv, the discharge coefficient. It is a correlated with the injector design as well as injection pressure. It can be evaluated from
equation (10).
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The break length Lb (11) is given by.
lb 


U
ln( b )

0

(11)

Where  o ,  b are initial wave amplitude and arbitrary infinitesimal axisymmetric surface displacement of the form
respectively (12)

 b   0 e ix x

(12)
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Where  ,  shows the growth rate and its wave number respectively. From the concept of mass balance, the results of
ligament diameter at the point of breakup are defined in equation (13).

fhb

dl 

(13)

b

Where

b

shows wave number for its respective maximum growth rate  .

However 2hb is the sheet thickness which is a function of ligament diameter. It depends on breakup length. The film
thickness (16) is evaluated from the breakup length. (dinj-ho) is radial distance between mid-line of the sheet atomizer exit to
the centre line as shown in equation (14).

hb 

(d inj  h0 )h0
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(d inj  h0  2Lb sin( ))
2

It is assumed that the breakup from ligament to droplet as given in equation (15) from Weber's analysis for capillary
instability [28].

D0  1.88d L (1  3Oh)1 / 6

(15)

Breakup phenomena are usually classified in terms of the dimensionless numbers: Weber Number We and Ohnesorge
number Oh, as given by (16),(17):
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Where dp is droplet diameter.

(17)



is droplet surface tension.

Taylor-Analog-Breakup (TAB) model describes cone -shaped spray for secondary breakup of droplets..Tab model basically
based on the concept of distorted droplet and oscillating spring-mass-system. Specifically, the gas aerodynamic force defines
the analogy of the external forces acting on the mass. The restoring force of the spring is derived by the liquid surface
tension force and the liquid viscosity force can derive damping force. . The governing equation (18) of force balance for
droplets is [29]:

f  kx  d

dx
d 2x
m 2
dt
dt

(18)

Where x shows the displacement of the droplet. It is equator from its spherical (undisturbed) position. To determine the
coefficients of this equation Taylor's analogy is used as in below equations (19), (20), (21).
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Where t and r are time and uninterrupted drop radius.

l

represents the droplet viscosity. The experimental results and

theory study shows, the value of constants are (Cb = 8,Cd = 5, CF = 1/3) [30].
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y>1, condition is assumed for breakup in to droplets only [29]. r2 and r1 are smaller drops and bigger drops respectively.
Their relationships are given below (23).

r1 7 1 r13 dy 2
 
( )
r2 3 8 dt

(23)

Droplet Evaporation:
Heat and mass transfer induced through evaporation is related to droplet dynamic in mixed air flow. Droplet near nozzle has
high velocity causes high Reynolds no which mean inertial force is more dominant on viscuss force. Due to momentum
exchange with surrounding droplets lose their momentum and Reynolds no decreases. The Reynolds number has major role
in both heat and mass transfer process. The correlation between Reynolds number and convective heat transfer coefficient
and convective mass transfer coefficient, can be determined by Equations. (24) and (25). Above equations shows Nusselt no
and Sherwood no is negatively affected by lowering Reynolds no. Low Reynolds no also affects the interphase heat and
mass transfer.

Nu 

h d
hc d
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D
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Table.1: shows multi phase spray simulation for Eulerian Method- Lagrangian Approach
Eulerian Method:
Equation: Continuity equation, Momentum Equation, Energy
Model:
Turbulence
Mass Exchange
Momentum Exchange
Heat Exchange
Lagrangian Approach:
.
Equation: Momentum , Energy
Model:
Atomization, secondary breakup, aerodynamic drag,
dispersion,
Vaporization, wall impingement.

Computational Technique:
The analysis of the spray from the nozzle is extremely complicated. It is complex, highly turbulent and it could sometimes
be unsteady. Since the process consists of discrete phase as well as continuous phase. So Eulerian-Lagrangian approach is
acceptable to get the solution for this multiphase occurrence . Through Eulerian approach, it describes the continuous gas
flowing in stationary mesh volume and in Lagrangian formulation, the behaviour of droplets are tracked as shown in table. 1.
The overview of these approaches is given in table.1the continuous and discrete phases are analyzed by mass, momentum
and energy exchanges. To examine the droplets characteristics, a combination of gas droplets is evaluated in two ways.
The Reynolds-Averaged Naviere Stokes (RANS) equations are used for unsteady velocity components. Since gas species are
involved therefore it reports transport equations. The stochastic model is provided to see the effects of turbulence on the
droplet. In the second observation, Newton’s law of motion is employed to determine the droplet trajectory. It is evaluated
by integrating drag, gravitational and other forces which acts on the droplets. The interlinking of lift forces, drag forces, heat
transfer, mass transfer, and specific transfer is done for continuous and discrete phases. To get the computational solution of
the primary and secondary breakup of liquid jets, a computational 3-D volume was developed. The volume has cross-section
1.5x1.5m2 and length of 1.5m. The boundary condition and geometry are given in fig.2 (a) and (b). The computational
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domain was discritized in to several small volumes. Using ICEM CFD 18.0, the volume is meshed by hexahedral mesh as
shown in fig 3. Hexahedral mesh provides some advantages like higher accuracy and better convergence. For interphase
momentum coupling, the adopted mesh size depends on the chosen methods.Sue.at.al investigated that the mesh size should
be very small as compared to the smallest droplet. But this should be larger than the particle size in point source method in
direct numerical simulation (DNS) [43]. In this study, mesh independence test have done. To get grid independent solution is
complex phenomena. The grid sensitivity analysis reports that most favorable cell number of the generated mesh is 195000.
When the mesh size was increased to 2, 56000 then there was no effect on calculated results. However reduction in cell
number shows the deviation from experimental result. The solution was converged to a normalized residual level of 10-6.
Accepting the level of grid independence and grid refinement in the present investigation has been the comparison of
simulation results and experimental results.
The CFD code FLUENT version 18.0 is used. It provides widespread numerical techniques to solve continuous phase
equations (mass, momentum, energy). The turbulence model, tracking equations and droplet breakup are also obtained. The
steady state, as well as pressure based solver is employed for simulation. That contains a wide range of modeling capabilities
for flow field problem. It solves the governing conservation equation of fluid flow. It is used for a finite volume formulation
on a structured and unstructured as well as non-orthogonal and curvilinear coordinate grid system using a collocated variable

(a)

(b)

Figure. 2. (a) 3-D view of the computational volume (1.5x1.5x1.5 m3). (b) Front view of the computational model to show the boundary
conditions. In both Figure.(a), (b) Nozzle situated at the middle of Inflow wall
(a)

(b)
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Figure.3 (a) Meshing of computational volume (b) Front view of computational volume

Operating Condition:

Gaseous media (Continuous
phase)
Pressure: 1 atm
Temperature: 320C
Velocity: 1.1 m/s
Humidity: 9.9 g/kg
Relative humidity: 35%

Model Validation:

Spray behavior consists of several parameters like droplet size, spray velocity, spray cone angle etc. the spray cone angle
stands up as the key index for heat transfer and homogeneous mixture. The spray velocity through nozzle can be measured
by injection pressure drop and volume flow rate. Nozzle design is the key factor for spray cone angle and is related with
radial as well as axial velocity component. The spray cone angle was evaluated based on R.Reitz[49] empirical formula as
given in equation(26).





tan( )  A( l ) 0.5
2
g

(26)

A is the constant and evaluated by internal geometry of nozzle. Spray cone angle report that the angle between two linear fits
near nozzle tip. In the experimental result the variation of angle with respect to time is taken. In order to investigate the spray
distinctiveness of the biodiesel- DEC blends. DEC20 is used as tested fuel in the experiment. The main properties and
working conditions of the fuel are listed in table.2. The Boundary condition for computational volume is given in table .3
Table: 2 Properties of test Fuel:

Fuel
DEC20

Density l
903 g/

Viscosity (250c)
2.71 mm2/s

Surface Tension
26.2 Mn/m

Table.3: Boundary conditions.

Nozzle diameter
Injection pressure)
Ambient pressure)

0.18 mm
100 MPa
2.4 MPa
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Ambient temperature

300 K Ambient

Figure.4. Quantitative comparison of spray tip penetration

Figure.5 Quantitative comparison of spray cone angle

Furthermore, in the present study work, the injection duration time of diesel spray is put as 1.5 ms. In order to investigate
the spray characteristics of diethyl carbonate (DEC) - biodiesel with 20%blends - used in the experiment. DEC20 is used as
tested fuel. Fig. 4 and fig.5 shows the Quantitative comparison of experimental and simulated results for spray tip
penetration as well as spray cone angle under fixed injection pressure of 100MPa and 2.4 MPa ambient pressure. It is seen
that the spray cone angle first increases and after a time elapse the curves established stabilization trends. From the curves it
can be concluded that the trends are relative stable after a certain period of time (Approximately t=0.3 ms) It is observed that
the simulation result of spray tip penetration are consistent and the error between the experimental and simulation is within
about 5%. Similarly, the spray cone angle for simulation as well as experimental was found and seen the simulation data is
more accurate with error about 3%.
Table.4: Boundary Condition for operating condition
Parameters
Value
Nozzle diameter
0.18 mm
Injection pressure
110,160 MPa
Ambient pressure
2.8 MPa
Ambient temperature
800 K
Ambient gas
Air

Since the interest of the results is inside the computational domain. So a no-slip adiabatic wall boundary condition
is applicable on side walls on the domain.
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Results and Discussion:
Spray Tip Penetration:
(a)

(b)

Figure.7(a)-(b) Spray tip penetration of different fuel at (a) 1100bar (b) 1600bar

Fig.7a-b shows the Spray tip penetration for B100, B25 and Diesel at 1100bar, 1600bar injection pressures. Where
B100, B25 are represented by conventional biodiesel and 20% biodiesel blend respectively. Penetration length for all fuels
increases with time as the injection pressure increases. It can be observed from fig. (7a) that at 1100 bar, 1.5ms penetration is
14.6cm. This trend seen increasingly at 1600bar, 1.5ms penetration length is 17.5cm as shown in fig. (7b). A significant
change has been observed in penetration length for Biodiesel. At 1100 bar longer penetration was evaluated than B25 and
Diesel. However the difference becomes very small at the injection pressure of 1600bar.The above fact may be due to
relatively high bulk modulus and density of biodiesel. Both are responsible for increase the velocity of fuel exiting the
nozzle compared with others. That’s why increasing injection pressure has less impact on tip penetration growth. It is also
investigated that spray tip penetration of diesel is either equal or longer than B25 at all injection pressure. Viscosity might be
the cause for rising friction between fuel and nozzle surface. In case of pure Biodiesel, the dominancy of large density and
bulk modulus reduced the effect of friction on penetration length.

Spray Cone Angle:
(a)
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(b)

Figure.8(a)-(b) Spray cone angle of different fuel at (a) 1100bar (b) 1600bar

Fig.8a-b shows the spray cone angle. The results are plotted at 1100bar, 1600bar injection pressure for different fuels with
start of injection. At the start of injection, the droplets available on the boundary become smaller and diffuse easily. That
generates a decreasing trend of spray cone angle. A drastic change was observed in spray cone angle at different rates after
0.5ms as seen in fig.8a-b. The spray cone angle converges around 0.65ms after the start of injection at 1100bar injection
pressure and a steady condition is achieved. After convergence at steady state as the injection pressure increases for different
fuel. Spray cone angle also decreases at a constant rate. Similar results are seen for injection pressure 1600bar where
convergence was taken place at around 0.8ms. Biodiesel shows the smallest spray cone angle at the start of injection. The
Highest viscosity is responsible to resist the separation. However, Diesel has higher spray cone angle than B25. Because of
increase in viscosity of fuel, Spray cone angle reduces as the biodiesel blend ratio increases.

Sauter Mean Diameter:

Figure.9 Sauter mean diameter at 1100bar, 1600bar for different fuel

71 J.C. Bose University of Science and Technology, YMCA, Faridabad

Fig.9 depicts the sauter mean diameter for 1100, 1600bar injection pressure for fuels Biodiesel, B25 and Diesel. Where
injection duration is 1.5ms. It is concluded from the fig. (9). that an increase in injection pressure there is a decrease in SMD
for all fuels. The Difference in SMD is a cause of higher viscosity and lower surface tension. High viscosity in fuel provides
a lower fuel jet velocity and that leads to larger droplet size. Whereas, the lower surface tension leads to an easy break up
into smaller droplets. It is evident from fig. (9) That due to the highest viscosity and surface tension, biodiesel has larger
droplet than diesel. The viscosity of diesel is lower than B25 but its surface tension is higher. These collective fuel properties
influence the SMD of B25.

Conclusions
In this present work, spray behaviour was observed for two alternative fuel and diesel. Alternative fuels include biodiesel
processed from waste cooked oil, blend of biodiesel and diesel. Computational fluid dynamics has been used for the
identification of spray behaviour. Parametric data has been taken from the simulated result. The observations are given
below.
1. Alternate fuels depict larger diameter droplets as compared with diesel. However, droplet size decreases 35% from
1100bar to 1600barinjection pressure for all fuels used. The Decrease in size of the droplet is its viscosity and surface
tension.
2. The present result gain reveals that the increase in injection pressure does not affect significantly in spray cone angle after
certain injection time. After the lapse of time all fuels show a constant cone angle. However, the spray cone angle at 1100bar
is more than 1600 bar after 0.8 ms .This phenomenon occurs due to the loss in spray momentum which urges liquid spray to
grow unsteadily in the late atomization.
3. Effect of density, viscosity and bulk modulus are significant on spray tip penetration. Where B100 shows the longest
penetration of fuels. This observation was seen for both injection pressures 1100 bar, 1600bar.
4. Spray cone angle has not more effect of higher injection pressure compared with spray tip penetration as well as droplet
size. Because it converges to steady state after a certain injection time.
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Abstract
Diesel engine is the prime mover of any economy. However, it emits harmful emissions which
are a serious health issue for the humans and it is also a cause of global warming. The
consumption of diesel is also very high and the fossil fuel is depleting at an alarming rate.
Therefore, it is imperative to look for alternates to diesel. One such alternate is the use of
biomass based fuel or fuel produced from wastes. Used cooking oil is one such waste which can
be recycled into fuel for operating a diesel engine. The used cooking oil can be converted into
diesel like fuel using a relatively newer technique namely hydrotreating. In the present work, the
diesel-like fuel is used to operate a diesel engine. The performance and the emission
characteristics of the fuel is compared with diesel. The results shows that the thermal efficiency
of the fuel is lower than diesel by nearly 11% at full load. Due to lower exhaust temperature the
NO emissions are also lower with the fuel. Interestingly, the CO, HC and smoke emissions are
also lower with the test fuel as compared to diesel. The decrease in emissions is on the account
of lower aromatic content, higher paraffinic content and low unsaturation. The study shows that
the engine can be operated with the fuel. Although, there is an advantage of emission reduction
but the fuel consumption also increases.

Keywords
Hydrotreating process, Diesel-like fuel, engine testing, HC emissions, CO emissions, NO
emissions, smoke emissions.

Introduction
The growth of economy of any country is dependent upon energy. A report by International
Energy Agency says that by the year 2040, the energy requirement of the world will increase by
40% of its present energy requirement and India’s energy requirement will be doubled [1]. To
cater to its requirement for fuel, India imports oil from Saudi Arabia, Iran, Iraq and the USA.
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India is a major importer of Iranian oil and with sanctions on Iran and slowdown in oil
production, the supply of crude oil to India is threatened. The other issue with using petroleum
oil is its rapid depletion and its negative effects on the environment [2], [3]. Therefore countries
are moving towards biomass based fuels which are renewable in nature, non-toxic and
biodegradable [4]. For compression ignition (CI) engines, biodiesel as a fuel is being emphasized
upon in last two decades. Since the CI engines are the preferred prime movers in the
transportation and off-road sectors. Another method of producing the diesel like fuel is the
hydrotreating of the vegetable oil. In this process, hydrogen at a high pressure and temperature
removes the oxygen atom and breaks the double bond of the triglycerides. The produced fuel has
properties similar to that of diesel [5].
There are many studies available that have used the hydrotreated vegetable oil (HVO) as a fuel
for operating the diesel engine. Aatola et al. [6] compared 100% HVO and 30% blend of HVO in
diesel with diesel for fuel consumption and NOx emissions. The authors observed significant
reduction in NOx emissions. Erkkila et al. [7] used partially isomerized-HVO and fossil diesel
and found 30% of PM and 10% of NOx reduction for iso-HVO in comparison to diesel. The
properties of partially isomerized-HVO was studied and the comparison of NOx and PM
emissions of petrol diesel and HVO were made [8]. Significant reductions in NOx, HC and CO
emissions were observed with HVO. PM emissions were compared for petroleum diesel, HVO
and biodiesel [9]. The authors observed that PM emissions were low with HVO due to no
aromatics and olefins which are the main cause of soot formation. A field test for fuel
consumption was conducted by Makinen et al. [10] using 11 buses representing EURO II to
Enhanced Environmentally friendly Vehicles (EEV) emission certification. The energy
consumption with neat HVO reduced by nearly 0.5% as compared to winter and summer grade
diesel. Whereas, the volumetric consumption of HVO increased by 5.2 and 3.5%, in comparison
to winter and summer grade diesel, respectively. Caprotti et al. [11] blended 5% biodiesel with
varying blends of iso-HVO in diesel to run a pickup-truck. The authors observed a decrease in
fuel consumption with increase in HVO in the blend. The field test also shows that the cold start
ability and drivability are equivalent to fossil diesel. Moreover, with correct cold flow additives,
20% HVO in diesel can be used harm free for severe driving conditions.
In the present work, the feasibility of using hydrotreated used cooking oil as a fuel for a single
cylinder diesel engine is studied. The engine’s performance and emission characteristics with
neat hydrotreated oil (denoted as H100) is compared with neat engine oil. The renewable diesel
is proposed to be a drop-in fuel for supplementing diesel, therefore its characteristics on small
engines is worth studying since India has a huge population of single cylinder diesel engines.

Experimental Setup
The engine used in the present study is a four-stroke, water-cooled, single cylinder diesel engine
with variable compression ratio. The engine is manufactured by Kirloskar and it has common rail
direct injection system. The engine was loaded with the help of a water-cooled eddy current
dynamometer. The specifications of the engine setup is given in Table 1 and Fig. 1 shows the
experimental setup. The fuel flow rate was measured using a burette and a stop watch. The
engine exhaust emissions namely HC, CO and NO were measured using an AVL 1000 di-gas
analyzer. While the smoke opacity was measured using an AVL smoke meter. Neat hydrotreated
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vegetable oil and diesel were tested on the engine. The engine was loaded from no load to full
load in steps of 25%. The data was taken when the engine reached stable conditions.
Table 1. Specification of the test engine
Specification
Rated Power
Rated Speed
No. of Cylinders
Stroke
Displacement
Stroke Length
Bore Diameter
Cooling System
Injector
Compression ratio

Value
3.5kW
1500rpm
1
4
661cc
110mm
87.5mm
Water cooled
Solenoid, six-holed
12-18

Table 2. Properties of the test fuel
Properties
Density @15°C
(kg/m3)
Kinematic viscosity
@40°C (cST)
Flash point (°C)
Calorific Value
(MJ/kg)
Cetane Index

ASTM D1298

835.07

Hydrotreated Waste
Cooking Oil
817.7

ASTM D445

2.51

2.9

ASTM D93
ASTM D240

58
42.57

68
41.79

ASTM D4737

48.78

70.2

Standard

Diesel
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Fig. 1 Schematic of the experimental setup

Results and Discussion
The variation in brake thermal efficiency with load for neat diesel and HVO is shown in Fig. 2. It
is seen that the efficiency increases with increase in load for both the fuels as more fuel is
injected with increase in load thereby releasing more heat energy. The figure shows that the
brake thermal efficiency of diesel at full load is 28.96% whereas for HVO the BTE is 25.6%.
The efficiency with HVO engine operation is observed to be lower than diesel at all the loads.
The decrease in efficiency is caused by the lower calorific value of HVO as the amount of heat
released per kg of fuel burnt is less than diesel. Another reason for the decrease in efficiency is
its slightly higher viscosity, due to which its particle size is larger than diesel, therefore the fuel
may not mix properly thereby releasing lower energy. Another reason is the higher cetane
number of HVO, therefore the ignition delay is lower with HVO. Hence the heat release starts
earlier than diesel and the amount of heat released is less therefore the pressure and temperature
in the cylinder during HVO combustion is less, thereby reducing the BTE.
Brake specific energy consumption (BSEC) is the amount of energy used in producing per unit
brake power. This parameter is used instead of brake specific fuel consumption since fuels with
different calorific values can also be compared. The trend of BSEC is generally opposite to that
of BTE. Fig. 3 also shows decrease in BSEC with increase in load on the engine. The BSEC with
HVO follows the same trend as diesel but it is higher than diesel at all the loads. At full load, the
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Brake Thermal Efficiency
(%)

BSEC for diesel and HVO is 12.43 and 14.06MJ/kWh, respectively. The increase in energy
consumption with HVO is due to its lower calorific value as the amount of heat released per kg
of fuel consumption is less therefore, to produce the same power more fuel is required thereby
increasing the energy consumption.
The modulation in exhaust gas temperature with engine load for the two test fuels is shown in
Fig. 4. It is seen that the exhaust gas temperature increases with increase in load. As the load on
the engine increases the amount of heat released increases and the heat loss to exhaust gas also
increases thereby increasing the exhaust gas temperature. The trend for diesel and HVO is
similar. Moreover, the exhaust gas temperature with HVO is lower than diesel. Due to the high
cetane number of HVO the heat release starts earlier therefore the net heat release is lower than
diesel. Since the heat release is less than diesel, the amount of heat lost to the exhaust gas is also
low, therefore the exhaust gas temperature with HVO is lower than diesel. The EGT at full load
with HVO and diesel is 347 and 379°C, respectively.
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Fig. 2 Variation of brake thermal efficiency with load
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Fig. 3 Variation of brake specific energy consumption with load
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Fig. 4 Variation of exhaust gas temperature with load

The variation in brake specific NO emission with engine load is shown in Fig. 5. It is seen that
the NO emission decreases with increase in load. Both diesel and HVO follow similar decreasing
trend. The NO emission with HVO is lower than diesel at all the loads. At full load the NO
emission is 4.1 and 2.6g/kWh with diesel and HVO, respectively. The NO emission occurs when
the fuel itself has high nitrogen content in it. The other reason is the air that enters the
combustion chamber contains nitrogen which is converted into NO at high in-cylinder
temperature. Since the combustion temperature with HVO engine operation is lower than diesel,
the NOx emission also is very less.
The engine exhaust contains soot particles which cannot be directly measured. Therefore, the
opaqueness of the exhaust is found out so that the amount of soot in the exhaust can be
ascertained. The higher the amount of soot in the exhaust, the higher will be its opaqueness. Fig.
6 shows the variation of the smoke opacity with load for diesel and HVO. The opacity increases
with increase in load for both the fuels. At full load the smoke opacity for diesel is 62.4%
whereas for H100 it is 50.1%. Generally, the opacity increases with decrease in combustion
temperature, so the smoke opacity with HVO engine operation should have been higher than
diesel. However, the opposite trend is observed here. The smoke emission is usually formed
when the aromatic content in the fuel is higher, but HVO has less aromatic content and also
contains some amount of oxygen therefore the soot particle formation tendency is reduced.
The variation in unburned hydrocarbon emission for HVO and diesel is given in Fig. 7. The
emission decreases with increase in load for both the fuels. The HC emission with HVO were
lower than diesel at all the loads. At full load the HC emission is 0.64 and 0.62 g/kWh for diesel
and HVO, respectively. The decrease in emission is mainly because of the lower aromatic
content and high degree of saturation of HVO which helped in improving the combustion. Also
due to the presence of small amount of oxygen the oxidation of the unburned hydrocarbon was
easier.
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Fig. 5 Variation of NO emission with load

Smoke Opacity (%)

The variation in CO emission with load for the two test fuels is shown in Fig. 8. It is seen that the
CO emission first decreases with increase in load and then increases to the maximum at full load.
The CO emissions are formed when the oxygen availability is less and there are local rich fuel
mixture regions. It is seen in the figure that CO emissions are lower with HVO than diesel at all
the loads. At full load the CO emission is 12.9 and 11.57g/Kwh for diesel and HVO,
respectively. Due to the presence of small amount of oxygen and more number of paraffins the
combustion quality of HVO is better than diesel therefore, the CO emissions decreases with
HVO.
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Fig. 8 Variation of CO emission with load

Conclusions
The performance and emission characteristics of a diesel engine fuelled with neat hydrotreated
waste cooking oil and diesel are compared in the present work. The results reveal 11%
reduction in brake thermal efficiency with neat HVO in comparison to diesel. The energy
consumption with neat HVO is 14.06MJ/kWh, whereas for diesel it is 12.43MJ/kWh at full
load. The NO emissions with HVO are lower by 36% at full load in comparison to diesel. This
is due to lower exhaust gas temperature with HVO engine operation. At full load, the HC
emission decreased by 3% and the CO emission decreased by 10.3% with HVO. The decrease
is due to improvement in combustion caused by high cetane number. Similarly, the smoke
emission also reduces by 19.9% with HVO due to its lower aromatic content which is the main
cause of soot formation in a diesel engine. It can thus be concluded that neat HVO can be used
as a fuel in a diesel engine with the only issue of increased fuel consumption.
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Abstract
In this paper we implement a neural network multilayer perceptron (three layers: one input layer,
one hidden layer, and one output layer)with backpropagation algorithm, here we used different
functions like Parameters Initialization, Sigmoid function, Tanh function, Normalization, Relu
functions to create 8-3-8 neural network.
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1. Introduction to Neural Network
Both brain and computer can store information, but their mechanisms are very different. In network, the
data is stored at a specific location, whereas the brain alters the association of neurons to store
information [1][3][4]. The neuron itself has no storage capability. It just transmits signals from one
neuron to another neuron [4]. We can call the brain a massive network of neurons, and the association of
the neurons forms specific information [4]. We are talking about the brain because the neural network
imitates the mechanism of the brain. The brain is composed of connections of neurons, and the neural
network is composed of associations of nodes [4]. The human brain inspires the neural network's
algorithms, that is built to remember patterns of algorithms. All real-world data like image, sound must be
translated and stored as vectors, and they are also called numerical. How artificial intelligence, cognitive
modeling, and neural networks perform are perfect examples that they are inspired by the brains neural
network [4].
The artificial neural network used to construct software agents with the help of speech recognition, image
analysis, and adaptive control. Neural network theory helped us to get a better understanding of the
functions of the brain and gives us the base of artificial intelligence. We can use neural networks in
different fields like Function approximation, or regression analysis, including time series prediction and
modeling. We can use Artificial Neural Networks in real-world applications like nonlinear system
identification and control (vehicle control, process control), sequence recognition (gesture, speech,
handwritten text recognition), and e-mail spam filtering [1][5].

2. Working of Neural Network
In Deep Learning, artificial neural networks play an essential role in building any model. There are three
layers present in a neural network:
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Input Layers: Input layers are designed to receive various forms of information from the outside
world that the system attempts to learn and recognize that further processing can be done. The
units that sit on the opposite side of the layer and signal how to respond are the Input Layers
[2][4].
Hidden Layers: Hidden layers are responsible for performing the mathematical operation,
pattern analysis, audio files, image pixels. Neural networks are usually fully connected; which
means hidden units and output units are connected to every other unit in either side [2][4].
Output Layer: This layer is responsible for generating the desired output [2][4].

Weight is a numerical representation of the connection between units, which can be either
positive (if one group excites another) or negative (if one unit suppresses or inhibits another).
Weight is the primary factor for influence. The unit with more weight has more impact on
another unit with lesser weight.[3][5]
A neural network has many processors that operate in parallel and are arranged in tiers. The first
tier receives the raw information analogous to optic nerves in human visual processing. Each
successive row gets the output from the layer before it, and the next layer receives from it and so
on. The last tier of the system produces the output.[1][2][3][4]

Figure1: NEURAL NETWORK
A. Forward Propagation

Initial information provided by input X, then it propagates to each layer of hidden units and provides us Y
output. To determine the architecture of the network, we need to assess its activation functions, depth, and
width used on layers. A number of hidden layers are Depth. A number of units on every hidden layer are
width control neither the input layer nor output layer dimensions. There are quite a few sets of activation
functions such as Sigmoid, Rectified Linear Unit, etc. It's always better to train deeper network, and
research has proven it too [5].
B. Back-Propagation

Backpropagation is a technique used to minimize the error in the network. This error is calculated with
the help of a cost function. We backpropagate the error and adjust the weights randomly to reduce the
error. Information is sent back from the cost backward through the network to calculate the gradient.
Therefore, we use the loop over the nodes starting from the final node in reverse topological order to
calculate the derivative of the last node output concerning node tail of each edge. When we do this, we
know who is responsible for the most error, and we can change the parameters in the required direction
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[5].

3. Neural Network in MATLAB
A. Parameters Initialization

First, the weight matrices and the bias vectors are initialized. It's important to note that all the parameters
shouldn't be initialized to zero because the gradients will be equal and, on each iteration, the output would
be the same due to which the learning algorithm won't learn anything. Therefore, the parameters are
randomly initialized to values between 0 and 1. We can also multiply the random values by small values
like 0.01, such that the activation units are active and are on the regions where activation functions'
derivatives are not close to zero.[3][4]

Figure4: Parameter Initialization Code and Defining Layers
B. Initializing Iterations and learning rate

Figure5: Defining Iterations and learning Rate
C. Activation Functions

Activation function works best with some functions and might not with some. It's a trial and
error process. One should try a different set of functions to see which one works best on the
problem at hand.


Sigmoid function (σ): g(z) = 1 / (1 + e^{-z}). It can be used only on the output layer because of which
we can easily interpret the output as probabilities. The main disadvantage of using a sigmoid function
on hidden layers is the fact that the gradient becomes very close to zero for a large domain due to
which the learning algorithm learns slowly.[3][4][5]

And we are also going to use sigmoid gradient which just a first derivative sigmoid gradient for
backpropagation.
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Tanh function: The logistic sigmoid has an excellent biological interpretation, but we figured
that the logistic sigmoid could be the reason for the neural network being "stuck" during
training. This is because of the fact that if a strongly negative input is provided to the logistic
sigmoid, its output values fall very near to zero. Feed-forward activations for the calculations of
parameter gradients utilized by Neural networks. An alternative to the logistic sigmoid is the
hyperbolic tangent or tanh function.[2][3][4][5]

Normalization: It is a technique which is used as part of data preparation for machine learning.
The objective of normalization is to change the values of numeric columns in the dataset to use a
common scale. Normalization is used in some algorithms to model the data correctly. For
example, if we have an input dataset that has a column with values from 0 to 1, and another
column with values from 10,000 to 100,000, then the difference we have in the scale of the
numbers could cause problems when we attempt to combine the values during
modeling.Normalization solves these problems by creating new values that maintain the general
distribution and ratios in the source data while keeping values within a scale applied across all
numeric columns used in the model [1][2][3][4][5]. How to do it in MATLAB is given below:

Figure10: Normalization Function in MATLAB



Rectified Linear Unit (ReLU): g(z) = max {0, z}.

These models that are close to linear are easy to optimize. ReLU has a lot of the properties of linear
functions so, it tends to work on most of the problems. The problem encountered with this is that the
derivative is not defined at z = 0, which can be overcome by assigning the derivative to 0 at z = 0. But this
means that for z = 0 the gradient is zero and can't learn [2][3][4].
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4. Results and Discussion
During the training phase, all the predictions made by the neural network is analyzed to give us an
outcome of correct and incorrect predictions made. The output is plotted into the graph below to show the
result. While this training accuracy recorded 81%, specificity 94% and sensitivity 81%.
Losses are the times when the neural network was unable to recognize a pattern successfully, and thus the
epochs made helped it train further not rectifying the mistakes made.

Figure12: Full Data Set

Figure15: Plot for Correct/Incorrect

Figure13: Test Data Set

Figure16: Plot for Loss/epoch
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Predictions

5. Conclusions
We can see the summary of all the functions done, the training phases with given learning rate for the
neural network to be fully ready for data recognition. From this we conclude that artificial neural network
can be designed for pattern recognition, if it is trained carefully with weights, activation functions and
specific learning rate. The output will have errors initially, but with forward and backward propagation,
the network can be trained to give almost 90% accurate results as we have observed.
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Abstract
The mix design methods differs in ingredients input and concrete objective properties. The
selection of the suitable concrete design methods for a particular environment is complicated
because of interdependency of the mix design parameters. The paper implements the multicriteria decision making technique for ranking concrete mix parameters and mix design methods.
Three hierarchy levels, having three criteria and seven sub-criteria and three alternatives are
considered. Sensitivity analysis is provided to demonstrate stability of mix method preferential
order with the changes in the weights of criteria and sub-criteria. The proposed model may
become a promising tool for evolving the performance based concrete mix method.
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Concrete Mix, Concrete Mix Parameters, Mix Design Method, Fuzzy TOPSIS, Multi-Criteria
Decision Making.

Introduction
Concrete mix design is process of proportioning the ingredients of concrete depending on basis
mix design parameters and chosen concrete design method. The mix design parameters such as
type and strength of cement, minimum and maximum content of cement, water-to-cement ratio,
mixing water requirements, aggregate-to-cement ratio, types and shape & size of aggregates,
aggregates grading, ratio of fine to total aggregate, concrete exposure conditions, properties of
concrete green or hardened state, may change under different environment, material, and
workability conditions. It is imperative to adopt a suitable mix design procedure among the
various available mix methods for concrete to be used in extreme environment. The suitability of
mix method for extreme exposure condition may be judged by Multi-Decision Criteria Making
(MCDM) techniques. Many of the researchers devoted their work to implement the MCDM
procedure to construction technology and construction project management. However,
implementation of MCDM procedure to theoretical concepts and methods in construction
technology field are scarce. Antucheviciene et al. [1] has presented the review of decision
making methods and applications in civil engineering. A Multi-attribute Fuzzy Weighted
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Average approach assisted Multiple Decision-Making technique is used by Alhumaidi [2] for the
selection of construction contractors. AHP (Analytic Hierarchy Process) model based Multicriteria Decision Making (MCDM) methodology has successfully been applied for the
sustainability assessment in the civil engineering field (Younes et al. [3], Kabir et al. [4]).
Caterino et al. [5] studied the applicability and performance of most widely adopted MCDM
methods for the seismic retrofitting technologies of structures. They conclude that TOPSIS and
VIKOR methodology are more suitable for the retrofit technology selection because of
potentiality to deal with each kind of judgment criteria, parameters and involving choices.
Analytical Hierarch Process is implemented by Do and Kim [6] to select an optimal patching
material for concrete repair satisfying chemical performance and physical performance. The
building material selection model based on Fuzzy extended analytical hierarchy process
(FEAHP) techniques is proposed by Akadiri et al. [7] for prioritizing the building materials. An
integrated FST-QFD-AHP MCDM Approach is proposed by Raut et al. [8] for the selection of
sustainable residential house adopting relative benchmarking as well as absolute benchmarking.
Taylon et al. [9] have used hybrid fuzzy AHP and fuzzy TOPSIS MCDM technique for assessing
the selection and risk criteria of the construction projects. Liao [10] presents two interval type-2
fuzzy multi-attribute decision making methods for material selection. Monghasemi et al. [11]
have developed a new multi criteria decision making model to optimize the time–cost–quality in
construction projects.
The applications of MCDM to civil engineering and construction technology are limited to the
general problems and not representative enough to evaluate specific problems such design
method and theoretical concept. The present study is the first attempt to apply MCDM technique
to select the preferential mix design method in concrete manufacturing technology. Fuzzy
TOPSIS approach that has demonstrated their applicability in different fields is implemented to
prioritize the concrete mix design methods for extreme environment

Fuzzy TOPSIS methodology
The fuzzy sets theory was introduced by Zadeh [12] to express the linguistic terms in decisionmaking process to reduce the difficulty of human judgment. The fuzzy multi-criteria decisionmaking (FMCDM) methodology was to resolve the lack of preciseness and inconsistence, in
assigning importance weights of criteria and the ratings of alternatives regarding evaluation
criteria (Chen and Klein, [13]).
The TOPSIS method, a linear weighting technique, was first proposed in its crisp version by
Chen and Hwang [14]. The weights can be assigned using variety of method for instance analytic
hierarchy process (AHP), analytic network process (ANP), entropy analysis, mean weight (MW),
standard deviation (SD), eigenvector method etc. The proposed Fuzzy TOPSIS approach of
multi-criteria decision-making process is implemented to problem of selecting the preferential
mix design method for extreme environment. Problem formulation determines the problem aims,
assessment criteria, the decision makers’ and their groups. Figure 1 shows the formulated
problem hierarchy consisting of three levels. Level 1 represents the goal, i.e., selection of
preferential mix design method for extreme environment, level 2 represents the three criteria
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namely, workability, strength, and durability, level 3 represents the seven sub-criteria namely
water-cement (w/c) ratio, density, coarse aggregate-cement (CA/c) ratio, total aggregate–cement
(T/c) ratio, fine aggregate-cement (FA/c) ratio, fine aggregate-total aggregate (FA/T) ratio and
the cost, identified for the selection and level 4 represents the mix design methods namely. ACI
mix design method, DOE method and FM method, as alternatives. The problem criteria are
chosen based on experts’ opinion and literature survey (Ahmed et al. [15], Mohammed et al.
[16]).
The decision makers’ group (consisting of five mix design experts and consultants), having
commendable experience in concrete technology, is asked to judge and rank the selected seven
critical mix parameters. The decision makers’ group is given a set of questionnaire. Initially, they
were supplied seven questions pertaining to criteria rating using five linguistic variables (Wang
and Chang, [17]), namely very low, low, medium, high and very high, along with triangular fuzzy
numbers (TFN), reflecting the importance weights of performance criteria to judge the ability of
preferential mix design method. In order to find the preferential mix design method, the selected
criteria were further utilized to rate the performance of each preferential mix design method
using Zeleny’s [18] notion i.e. Displaced ideal separated away from the ideal solution the least.
According to Hwang and Yoon [19], the chosen alternative should have the ideal distance (most
nearest to positive and most farthest from the negative) in comparison to others i.e. the
alternatives should not only have the shortest distance from the positive ideal reference point
(PIRP), but also have the longest distance from the negative ideal reference point (NIRP), to
solve the MCDM problems. Using Chen’s [20] method, another set of questionnaire comprising
seven questions each for the preferential mix design method alternatives is supplied, in order to
rate their performance with reference to various criteria already earmarked. Overall performance
of each mix design method was assessed based on their performance and RFP collected earlier in
linguistic variables namely very poor, poor, fair, good and very good, along with triangular fuzzy
numbers. The algorithm used in this method is described in the following section.

Construction of the fuzzy decision matrix for mix method’s problem
Given m alternatives for preferential mix design method, n selection criteria and k expert group
comprising decision makers (DM), a typical fuzzy multi-criteria group decision-making mix
method problem can be expressed in matrix format as below.
C1
𝐴1 𝑎11
𝑎
̃ = 𝐴2 [ 21
𝐷
⋮
:
𝐴3 𝑎𝑛1

C2…… C3
𝑎12
𝑎1𝑛
⋯
𝑎2𝑛
𝑎22
⋮⋱
⋮ ] , i = 1, 2,……,m; j= 1, 2, …..,n
𝑎𝑛2 ⋯ 𝑎𝑛𝑛

(1)
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Figure 1: Hierarchical Structure of the preferential Mix Design Method for Extreme Environment

where L1, L2 ,…, Lm are the alternatives to be chosen,C1, C2 ,…, Cn denote the evaluation criteria
̃𝑖𝑗 represents the rating of alternative Li with respect to
for preferential mix design method, 𝐷
criterion Cj evaluated by k decision makers. Since the perception toward selecting preferential
mix design method is subject to an individual’s experience, intuition or knowledge, this study
therefore applies the method of average value to integrate the fuzzy performance score 𝑥̃𝑖𝑗 for k
decision makers concerning the same evaluation criteria, that is
1
𝑘
1
2
𝑥̃𝑖𝑗 = 𝑘 (𝑥̃𝑖𝑗
+ 𝑥̃𝑖𝑗
+ ⋯ . + 𝑥̃𝑖𝑗
)
(2)
𝑘
Where 𝑥̃𝑖𝑗
is the rating of alternative Li with respect to criterion Cj evaluated by the kth decision
𝑘
𝑘
𝑘 𝑘
maker and 𝑥̃𝑖𝑗
= (𝑎𝑖𝑗
, 𝑏𝑖𝑗
, 𝑐𝑖𝑗 ).

Normalization of the fuzzy decision matrix for shipper problem
The various criteria required to select preferential mix design method are measured in different
units hence they are required to be normalized. The present case adopts linear scales transform
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normalization function in order to preserve the property that the ranges of normalized triangular
fuzzy numbers to be included in [0, 1]. If 𝑅̃ denotes the normalized fuzzy decision matrix, then
𝑅̃ = [𝑟̃𝑖𝑗 ]𝑚𝑥𝑛 , i= 1, 2,……,m; j= 1, 2, …..,n
(3)
𝑎

𝑏

𝑐

Where𝑟̃𝑖𝑗 = ( 𝑐𝑖𝑗+ , 𝑐𝑖𝑗+ , 𝑐𝑖𝑗+ )
𝐶𝑗+ =

𝑗

𝑗

𝑗

max𝑖 𝐶𝑖𝑗

(4)

Construction of weighted normalized fuzzy decision matrix for shipper problem
Considering the different weight of each criterion, the weighted normalized decision matrix can
be computed by multiplying the importance weights of evaluation criteria and the values in the
normalized fuzzy decision matrix. The weighted normalized decision matrix v defined by
𝜈̃= [𝜈̃𝑖𝑗 ]𝑚𝑥𝑛 , i= 1, 2,……,m; j= 1, 2, …..,n
(5)
𝜈̃𝑖𝑗 = 𝑟𝑖𝑗 ⨂ 𝑤
̃𝑗
(6)
where 𝑤
̃𝑗 represents the importance weight of criterion Cj obtained through
1

𝑤
̃𝑗 = 𝐾 (𝑤
̃𝑗1 + 𝑤
̃𝑗2 + ⋯ . +𝑤
̃𝑗𝑘 )

where k is the number of members in a decision makers’ group and
weight of jth criteria assessed by kth decision makers.

(7)
𝑤
̃𝑗𝑘

represent the fuzzy

Determination of the FPIRP and FNIRP
The fuzzy positive ideal reference point (FPIRP, A+) and fuzzy negative ideal reference point
(FNIRP, A-) in the interval [0, 1] can be represented as:
𝐴+ = (𝜈̃1+ , 𝜈̃2+ , … . 𝜈̃𝑛+ )
(8)
𝐴− = (𝜈̃1− , 𝜈̃2− , … . 𝜈̃𝑛− )
(9)
+
−
where 𝜈̃𝑗 = (1, 1, 1) and 𝜈̃𝑗 = (0, 0, 0),j= 1, 2, …..,n

Calculation for the distances of each concrete mix design method to FPIRP and
FNIRP
The distance of each concrete mix design method alternate from fuzzy positive ideal reference
point (FPIRP) and fuzzy negative ideal reference point (FNIRP) can be derived respectively as:
𝑑𝑖+ = ∑𝑛𝑗=1 𝑑(𝜈̃𝑖𝑗 , 𝜈̃𝑗+ ),
i= 1, 2,……,m; j= 1, 2, …..,n
(10)
𝑛
−
−
𝑑𝑖 = ∑𝑗=1 𝑑(𝜈̃𝑖𝑗 , 𝜈̃𝑗 ),
i= 1, 2,……,m; j= 1, 2, …..,n
(11)
where 𝑑(𝜈̃𝑎 , 𝜈̃𝑏 ), denotes the distance measurement between two fuzzy numbers,𝑑𝑖+ represents
the distance of alternative Li from FPIRP, and 𝑑𝑖− is the distance of alternative Li from FNIRP.
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Process to obtain the closeness coefficient and rank the order of alternatives
Once the closeness coefficient (CC) is determined, the ranking order of all alternatives can be
obtained, allowing the decision-makers to select the most feasible alternative. The closeness
coefficient of each alternative is calculated as

𝑐𝑐𝑖 =

𝑑𝑖−

𝑑𝑖+ +𝐷𝑖−

‘

i= 1,2,3, ……m

(12)

An alternative with index 𝑐𝑐𝑖 approaching 1 indicates that the alternative is close to the fuzzy
positive ideal reference point and far from the fuzzy negative ideal reference point. A large value
of closeness index indicates a good performance of the alternative Li.

Assessment of Preferential Concrete Mix Design Method
The prioritization of mix design method is a multi-criteria decision-making process. Problem
formulation determines the problem aims, assessment criteria, the experts, and their groups. In
order to recommend the preferential concrete mix design, the fuzzy TOPSIS methodology is
employed. The five decision makers (DM) group was to judge the relative merits of individual
concrete mix design method based on their past performance. The detailed methodology adopted
in identifying preferential concrete mix design is documented in the following section.

Calculation of the synthetic importance weights of evaluation criteria
The decision makers’ group expressed their opinion in linguistics variables for their preference
of criteria (Wang and Chang, [17]), namely very low, low, medium, high and very high,
combined with triangular fuzzy numbers (TFN). An integrated fuzzy importance weight matrices
for evaluation criteria was generated using the method of average value described in Eq. (7), and
are presented in Table 1 to 3. To understand the importance order of these selection criteria, the
center of area (COA) method (Zhao & Govind, [21]) was utilized to de-fuzzify the triangular
fuzzy numbers into corresponding best non-fuzzy performance (BNP) values. The BNP values
presented in Table 1 reveal that the seven most important selection criteria for assessing
preferential mix design method are w/c ratio (0.7667), Density (0.34), CA/c (0.7), T/c (0.6867),
FA/c (0.28), FA/T (0.34) and Cost (0.42) when workability criteria is considered . The BNP
value of seven selection criteria, are as w/c ratio (0.8667), Density (0.7667), CA/c (0.62), T/c
(0.66), FA/c (0.6533), FA/T (0.3067) and Cost (0.8333), and w/c ratio (0. 8333), Density (0.8),
CA/c (0.46), T/c (0.4267), FA/c (0.6933), FA/T (0.42) and Cost (0.7333) respectively with
respect to the strength and durability consideration. Figure 2 to 5 shows the graphical
representation of fuzzy weight assigned to each criterion by decision makers. Fuzzy weights are
obtained after normalizing the BNP values.
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Table 1: Fuzzy importance weight, BNP and rank of sub-criterion with respect to Workability
SubCriteria
C1
C2
C3
C4
C5
C6
C7

Description of the
Sub-criteria
w/c
Density
CA/c
T/c
FA/c
FA/T
Cost

Fuzzy importance weight
(0.5800,0.7800,0.9400)
(0.1400,0.3400,0.5400)
(0.5000,0.7000,0.9000)
(0.5000,0.7000,0.8600)
(0.1200,0.2600,0.4600)
(0.1400,0.3400,0.5400)
(0.2200,0.4200,0.6200)

BNP values

Rank

0.7667
0.3400
0.7000
0.6867
0.2800
0.3400
0.4200

1
5
2
3
7
6
4

Table 2: Fuzzy importance weight, BNP and rank of each sub-criterion with respect to Strength
SubCriteria
C8
C9
C10
C11
C12
C13
C14

Description of the
Sub-criteria
w/c
Density
CA/c
T/c
FA/c
FA/T
Cost

Fuzzy importance weight
(0.7000,0.9000,1.0000)
(0.5800,0.7800,0.9400)
(0.4200,0.6200,0.8200)
(0.4600,0.6600,0.8600)
(0.4600,0.6600,0.8400)
(0.1200,0.3000,0.5000)
(0.6600,0.8600,0.9800)

BNP values

Rank

0.8667
0.7667
0.6200
0.6600
0.6533
0.3067
0.8333

1
3
6
4
5
7
2

Table3: Fuzzy importance weight, BNP and rank of sub-criterion with respect to Durability
SubCriteria
C15
C16
C17
C18
C19
C20
C21

Description of the
Sub-criteria
w/c
Density
CA/c
T/c
FA/c
FA/T
Cost

Fuzzy importance weight
(0.6600,0.8600,0.9800)
(0.6200,0.8200,0.9600)
(0.2600,0.4600,0.6600)
(0.2400,0.4200,0.6200)
(0.5000,0.7000,0.8800)
(0.2200,0.4200,0.6200)
(0.5400,0.7400,0.9200)

BNP values
0.8333
0.8000
0.4600
0.4267
0.6933
0.4200
0.7333

Rank
1
2
5
6
4
7
3
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BNP Values

(0.7000,0.9000,1.0000)

(0.5800,0.7800,0.9400)

(0.4200,0.6200,0.8200)

(0.4600,0.6600,0.8600)

(0.4600,0.6600,0.8400)

(0.1200,0.3000,0.5000)

(0.6600,0.8600,0.9800)

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

w/c

Density

CA/c

T/c

FA/c
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Cost

C8
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C11

C12

C13

C14

Figure 2: The fuzzy weight of each criterion when workability is considered
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Figure 3: The fuzzy weight of each criterion when Strength is considered
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The fuzzy weight of each criterion when Durability is considered
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Figure 5: Overall weight of each criterion based on BNP Value
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Table 4: Overall rank of sub-criteria using BNP value with respect to Extreme environment
Sub- Criteria
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21

BNP Value
0.7667
0.3400
0.7000
0.6867
0.2800
0.3400
0.4200
0.8667
0.7667
0.6200
0.6600
0.6533
0.3067
0.8333
0.8333
0.8000
0.4600
0.4267
0.6933
0.4200
0.7333

Rank
5
18
8
10
21
18
16
1
5
13
11
12
20
2
2
4
14
15
9
16
7

Construction of the fuzzy decision matrix
The selection of preferential concrete mix design method requires a systematic analysis of
various criteria and performance against each criterion. The DM gave their feedback in linguistic
terms. The DM used the linguistic terms very poor, poor, fair, good and very good along with
TFN to express their opinions for each concrete mix design based on their individual capability
against each criterion. The fuzzy performance ratings of each concrete mix design method
regarding evaluation criteria were averaged to synthesize the various individual judgments. With
Eq. (1), the synthetic fuzzy decision matrix can be computed.

Calculation of normalized fuzzy decision matrix and weighted normalized matrix
To ensure that the normalized triangular fuzzy numbers were included in the interval [0, 1],
linear scale transform functions were utilized as discussed earlier. The synthetic fuzzy decision
matrices were normalized using the Eqs. (2)– (4). Normalization process is carried out by
dividing each row by maximum of that row for instance the maximum fuzzy number. The
remaining rows can be normalized similarly by dividing with respective row maximum. The
normalized fuzzy numbers are later on applied importance weights, since the importance weights
of criteria are different, Eqs. (6) and (7) can be employed for the fuzzy weighted normalized
decision matrix.
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Determination of the fuzzy positive and fuzzy negative ideal reference points
As the positive triangular fuzzy numbers are in the range [0, 1], so the fuzzy positive ideal
reference point and fuzzy negative ideal reference point are defined as:
𝐴+ = [(1,1,1), (1,1,1), (1,1,1), (1,1,1), (1,1,1)]
𝐴− = [(0,0,0), (0,0,0), (0,0,0), (0,0,0), (0,0,0)]

Calculation for the distance of each preferential concrete mix design method to FPIRP
and FNIRP
The distance of each concrete mix design to the fuzzy positive ideal reference point and fuzzy
negative ideal reference point can be calculated using Eqns. (10)–(11). The distances for the
remaining concrete mix design method alternatives to the fuzzy positive ideal reference point
and fuzzy negative ideal reference point can be calculated which is documented in Table 5.

Obtain the closeness coefficient (CC) for ranking of concrete mix design method
Once the distances of concrete mix design method from FPIRP and FNIRP are determined, the
closeness coefficient can be obtained with Eq. (12). Closeness coefficient can be obtained for the
concrete mix design methods alternatives using from obtained distances of concrete mix design
method from FPIRP and FNIRP. The distances of concrete mix design method from FPIRP and
FNIRP, the closeness coefficient and ranking of various concrete mix design methods
alternatives are shown in Table 5. Figure 6 depicts the ranking of various concrete mix design
methods alternatives.
Table 5: FPIRP and FNIRP distances, closeness coefficients and rank of each Mix Method
Alternatives

di+

di-

cci

Ranking

ACI
DOE
FM

12.9556
11.5653
13.0164

9.8633
11.4510
9.7581

0.4322
0.4975
0.4285

2
1
3

0.4975
0.5

0.4285

0.4322

0.45
0.4
0.35
ACI

DOE

FM

Figure 6: Ranking of Methods for Extreme Environment based on Closeness Coefficient
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Discussion of fuzzy TOPSIS solution
Fuzzy TOPSIS can provide an ideal solution to the problem of choosing the preferential mix
design method. Ideal solution refers to an alternative possessing, set of criteria having optimum
performance (maximum performance of mix to workability, strength and durability) whereas the
negative ideal solution is just contrary possessing, worst performance (maximum performance of
mix to workability, strength and durability). The best alternatives or decisions are those that have
the shortest distance from FPIRP and the farthest from FNIRP.
Ideally the closeness coefficient (CC) of mix design methods close to 1 has the shortest distance
from the fuzzy positive ideal reference point, and the largest distance from the fuzzy negative
ideal reference point. In other words, a large closeness coefficient obtained for any mix design
method indicates good performance. It is evident that CC value depends upon the criteria weight
given by decision makers and the performance demonstrated by each mix design method against
the respective criteria. Looking to the importance weight ranking of the evaluation criteria in the
mix method problem, it is revealed that selection criteria (w/c) ratio and density are most
influential, whereas the criteria such as FA/c and FA/T are less influential in mix design suitable
for extreme environment. The DOE method has maximum value of CC (0.4975), so this method
is to be preferred to design the concrete mix for extreme environment. Other methods have more
or less similar CC value (0.4322 and 0.4285) and have equal preference.

Conclusions
A scientific framework is presented to select the preferential concrete mix design method, using
triangular fuzzy numbers to transform linguistic variables. A new approach based on TOPSIS
methodology is suitably extended to a fuzzy environment to determine overall performance value
and rank of each mix design method. It uses MCDM approach to synthesize the group decision
based ranking for concreter mix design methods in extreme environment. It is observed that
selection criteria (w/c) ratio and density are most influential, whereas the criteria such as FA/c
and FA/T are less influential in mix design suitable for extreme environment. The DOE method
comes out to be preferred concrete mix design method for extreme environment. The present
methodology significantly improves the utility of combining various criteria i.e. workability,
strength and durability to unify the effect of conflicting criteria in the selection of concrete mix
design method.
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Abstract— Attendance has always been a conventional
thing, right from the beginning at every sector. An
Attendance monitoring system is an essential part to
maintain a quick and accurate record of the user’s
attendance and provides timely summaries and records
when it’s needed. Using an Attendance monitoring
system in our firm eliminates the need for manual
attendance which is a long and cumbersome process.
This system is faster and more accurate than a manual
attendance system, avoids incorrect data entry,
duplication and helps reduce mundane paperwork. An
Attendance monitoring system always requires a
physical server but for the first time we are going for
virtual server. The proposed RFID based attendance
system uses physical hardware for capturing the student
data and sends it to the Amazon Web Service (A.W.S) a
Cloud Computing platform thus sends the email
attachment containing student data on a scheduled time
(5 P.M) from Monday to Friday. The designed system
has an access for Cloud Computing which makes the
Attendance Management even more flexible.
Keywords— Amazon Web Service, RFID Reader
Module, ESP32 Module, LCD (inbuilt I2C), RFID Cards.
I. INTRODUCTION
RFID (Radio Frequency Identification) is wireless automatic
identification technology that is gaining attention and is
considered by some to emerge as one of the pervasive
computing technologies in history [1]. RFID based
attendance monitoring system based on AWS (Amazon Web
Services) is used to monitor the student’s attendance through
the proximity access RFID cards. They serve for both
identification and for time entry. The system assigns a
unique RFID card number for each individual. The RFID
reader reads the data and stores the data in cloud via
Microcontroller. As RFID system is passive type, the
information on RFID cards is programmed so that the card
must brought in proximity to the reader module. Once the
information is gathered, it needs to be stored in a Cloud.
Since we usually need a server, hereby we are using a virtual
server platform I.e. Cloud Computing. Amazon web service
(A.W.S) helps us to store and analyze the collected
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information and the email attachment will be send to the
recipient on a scheduled basis. Using virtual service cloud
platform, we can access as many resources as we need,
almost instantly, and only pay for what we need. Such that
the final data of the student is stored in AWS cloud and
processed securely.
This paper is organized as follows: Section II
describes the electronic components used along with
experimental setup and its relevant block diagram, Section
III describes about the Amazon web services and how those
services are used in this project, Section IV shows the
obtained results, Finally Section V presents our conclusions.
II. HARDWARE
A. RFID Reader module and Tags:
Radio Frequency Identification (RFID) is one of the wireless
technology that use the detection of electromagnetic signal
as an identification [2]. This technology is a non-contact
type similar to that of bar codes and magnetic strips.
1. RFID TAGS:
This consist of an antenna and a chip for storing the data.
The used cards are Passive RFID cards. The passive RFID
cards doesn’t need any external power. The required power
is drawn from the electromagnetic field generated by the
RFID reader for the operation.
2. RFID READER:
RFID reader module is a radio frequency transceiver. It
reads and write the data in to the RFID cards. The used
RFID reader module is EM-18 with 125 KHz frequency
range. The RFID doesn’t need any physical contact, thus
they are scanned against their corresponding RFID reader
module.
3. ESP32 DEVELOPMENT BOARD:
ESP32 is a low cost SOC (System-on-chip), widely used in
IoT based projects. It is an advanced successor of the 8266
chip primarily in the implementation of two cores clocked in
different version up to 240 MHz [3]. This has both the Wi-Fi
and Bluetooth capabilities, which make it an all rounded
chip for the development of IoT projects and embedded
systems.
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4. LIQUID CRYSTAL DISPLAY with I2C Converter:
An LCD is used to display the information which is
retrieved from the RFID cards when scanned over the reader
module. LCD is used along with attached I2C converter to
convert SPI communication to I2C communication thus
obtaining the output with minimum wires (In case of I2C
there are only two wires SDA, SCL for communication).
The components of the project are ESP32, RFID
reader module, RFID cards and an LCD display. The RFID
reader module EM-18 consists of 4 pins: VCC, TX, RX and
GND which runs on 12V. The communication between the
reader module and micro-controller is implemented using
UART protocol. The RFID reader reads the information
from the card and transmits to the host i.e. ESP32 board.
The TX pin of the reader must be connected to RX pin of
ESP32. An LCD is used to display the information that is
retrieved from the RFID card. The general block diagram is
shown in the figure 1.

Lambda is a serverless computing platform that runs in
response to events configured either internally or externally.
Lambda service is used in this proposed paper to fetch the
data from S3 bucket and sends Email to the recipient.
5.

SES is useful in sending emails through cloud to the verified
recipients. In this proposed paper, this service has been used
for sending student data in the form of an email attachment.
The workflow for the proposed project would be:


Establish a connection between the ESP32 to the
computer and connect the RFID reader, LCD display to
the ESP32 through wires.



Run the code on ESP32 board to publish the MQTT
messages to AWS IoT core.



Now after linking ESP32 module with AWS IoT core,
a ‘Rule’ should be created to link IoT core with the
DynamoDB service.



An AWS IoT ‘Rule’ consists of an SQL SELECT
statement and a ‘Rule act’.



Micro controller sends the information to AWS IoT by
publishing the messages in MQTT format.



The SQL SELECT statement allow us to extract the
data from an ordinary incoming MQTT message. The
Rule action is triggered when MQTT message is
received on a part that matches the topic filter.



This rule action allows us to take the information
extracted from the MQTT message and inserts the
messages in DynamoDB service.



Using AWS Glue, the crawler on scheduled basis has
been instructed to fetch the data from DynamoDB and
exports it to S3 Bucket in the CSV Format.



Finally, the lambda service which also being
scheduled, fetches the CSV file from S3 bucket and
using SES service sends the mail with CSV attachment
to the authorized recipient.

III. AMAZON WEB SERVICES
A.W.S has so many services which enables that the user’s
data to be encrypted and can be utilized in a manner that
they wants. The services used in the proposed paper are:
1. AWS IoT Core:
AWS IoT Core is the most customizable and closest to
integrating the desired characteristics [4]. In the proposed
paper, IoT core is useful in direct communication between
ESP32 board and AWS Cloud in MQTT (Message Queue
Telemetry Transport) format. It is also helpful in connecting
with other services when a Rule is created.
2. AWS DynamoDB:
Amazon is using Dynamo Databases, which is a fully
managed NoSQL database that provides predictable and
super-fast performance with unified scalability [5]. The
incoming MQTT messages from IoT core are stored in a
table named as ‘Attendance’.
3. AWS Glue:
Glue consists of a crawler and acts as a pipeline in exporting
or importing data from one database (Source) to other
database (Target). In this proposed paper, DynamoDB is
taken as source and S3 bucket is taken as Target.
4. AWS Lambda:
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AWS SES (Simple Email Service):

AWS IoT rule action are used to specify what to do when a
rule is triggered to it.
A. AWS IoT Core to DynamoDB:
Initially, the THING has been created in IoT core console
with required certificates and policies. When the student
scans his card to the device, the RFID reader reads the data
and sends it to the ESP32 board for processing. ESP32 then
sends the student data (Student name, Roll number) to
A.W.S IoT core by updating the THING shadow as shown
in figure 2. Once the shadow is updated, a RULE has to be
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created in a way that the incoming data needs to be inserted
into the DynamoDB table thus creating a virtual database as
shown in figure 3.

Fig 4. Mapping of DynamoDB (Source) to S3 (Target)

Fig 2. IoT core Thing Shadow Update

Fig 5. Exported DynamoDB data (CSV File) to S3 bucket.
C. EMAIL SENDING USING AWS LAMBDA
Lambda function which helps to fetch the data from the S3
bucket and send an E-mail to the respective recipient. For
this the procedure is:
1) Install the required modules in the local host machine, zip
the module along with the code written in Node.js and
upload it to the lambda console.

Fig 3. Data Inserted into DynamoDB Table
B. AWS Glue:DynamoDB to S3 Bucket:
The data from DynamoDB needs to be in the form of CSV
file for sending the email as attachment. For this to
accomplish, A.W.S glue helps in exporting the DynamoDB
table to S3 bucket in our preferred format (CSV).
Now to export data from DynamoDB to S3 Bucket using
AWS glue:

Create a Database in AWS Glue.


Create a table using Crawler.



Create an ETL Job for mapping DynamoDB table to
target S3 bucket in CSV format as shown in figure 4.

2) In order to have a scheduled functioning of lambda,
create an event in the Cloudwatch.
By pushing the event notification to cloudwatch with target
as the created lambda function, then lambda fetches the CSV
file containing the student data from the S3 bucket. Once the
fetching is done the E-mail will be sent through to the
respective recipient and gets the acknowledgement in the
lambda console as shown in the figure 6. For the lambda to
fetch data from S3 at a specified time (5 P.M) every day
from Monday to Friday, an event is created in the
cloudwatch by making lambda as target. This attaches the
schedule to the lambda that responses at the scheduled
event.

After this glue process is done the respective data will be
automatically attached to the S3 bucket as shown in figure 5.

Fig 6. Email sent from lambda console
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IV. RESULTS
As soon as the student scans his card over the RFID reader,
the name of the student along with the roll number appears
on the LCD display as shown in the figure 7. The ESP32
board then sends updates the THING shadow accordingly.

[3] Marek Babiuch, Petr Foltýnek, Pavel Smutný, “Using the
ESP32 Microcontroller for Data Processing”, 20th International
Carpathian Control Conference (ICCC) 2019.
[4] N. Imtiaz Jaya, Md. Farhad Hossain, “A Prototype Air Flow
Control System for Home Automation using MQTT over
Websocket in AWS IoT Core”, 2018 International Conference
Cyber-Enabled distributed computing and knowledge discovery.
[5]

S. Kalid, A. Syed, A. Mohammad, Malka N. Halgamuge,
“Big-Data NoSQL Databases: “A Comparison and Analysis
of
"Big-Table", "DynamoDB", and "Cassandra"”, 2017 2 nd
International Conference on Big data analytics
(ICBDA),doi:10.1109/ICBDA.2017.8078782.

Fig 7. Hardware setup showing student name when
scanned.

Fig 8. Email Received through SES and AWS Lambda

The proposed system achieves in not only capturing the
student's data but also provides storage facility via a
virtualized server platform A.W.S and the output is easily
accessible to the recipient through the mail as shown in
figure 8 through AWS lambda serverless platform.
V. CONCLUSION
An Attendance Monitoring System is designed to manage a
user's day to day attendance. Also, the proposed system
provides an ease of access since there is no extra paper
work. This results in achieving the usage of AWS cloud
computing and RFID Interface in an innovative manner,
helps us to overcome the traditional attendance.
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Abstract
Iglas and Beswan towns are the study area along Aligarh- Mathura high way at 24 km from Aligarh.
These are positioned at 27°43’ N 77°56’ E and an altitude of 178 meters. The area fallout in between the
Karban River which flows towards Mathura to the old Canal which flows towards Aligarh. We gathered
samples of groundwater with no air bubbles from Iglas and Beswan town. We rinsed these bottles before
the collection of water samples which sealed, labeled and transported for laboratory analysis. The
dissolved oxygen was measured in situ.
The result shows that the pH level in the study area was 7.10 in Iglas and 7.79 in Beswan. The total
alkalinity was 476 mg/l in Iglas and 350 mg/l in Beswan. Similarly, total hardness was 570 mg/l in Iglas,
and 210 mg/l in Beswan. The concentration of calcium was 82.50 mg/l in Iglas, and 120 mg/l in Beswan,
Magnesium concentration was 145.50 mg/l in Iglas and 90mg/l in Beswan. Conversely, turbidity
was 0.31 mg/l in Iglas and 0.84 mg/l in Beswan. The concentration of chloride was 52 mg/l in Iglas and
368 mg/l in Beswan respectively. Overall, the result shows that groundwater sources in Iglas and Beswan
are suitable for drinking except for high Cl in Iglas. Although, no directives are suggested for
concentration of Cl in drinking water. Cl concentrations above 250 mg/l can give rise to detectable taste
in water. This study has shown that groundwater is comparatively suitable for drinking. However, broader
studies evaluating groundwater over wider spatial and temporal scales are recommended since this
analysis based on a few parameters and limited spatial scale.
Keywords: Physicochemical parameters, Water quality, Human consumption

Introduction:
Water free from any impurities is basic requirement for living things. The availability of clean water is
decreasing day by day because of increment in anthropogenic activities harmful to groundwater aquifers.
These include urbanization, agriculture, and industrialization. Therefore, water analyses are essential for
public health studies.(11,20)We have carried out this study to assess the water quality by studying its
physicochemical characteristics. The aquifer receives recharge from in filtering rainfall which may
dissolve and transport effluents that may pollute the groundwater.
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We know that mostly population is sustained on groundwater which is acknowledged source of potable
water supply. It is supposed that groundwater to be a great degree of cleanliness and exempted from
impurities than surface water. Domestic sewage, solid waste in the dump in landfills and extensive
discharge of industrial effluents are the merely causes the groundwater pollution which results in health
issues. Groundwater quality is also being affected because of the fast-paced development of the
abrupt use of resources and waste disposal without treatment. So it is the need of the hour and concern
over proper management, conservation, and protection of surface water and groundwater quality. The
turbidity and hardness are found at higher levels above the allowable limits. Certain physicochemical
parameters are accountable for the water-borne illness because of which life of the many villagers in india
has been crippled and so as Uttar Pradesh. In some places, we cannot use the water for domestic and
industrial purposes.
Indian government has stressed for the safe and clean potable water supply to the public and so in demand
by Aligarh district. State government is also taking restorative action through assessment of water quality
of surface and groundwater sources. Sources of drinking water contain undue fluoride, chloride, nitrate,
and salinity (13).Assessment has been done on the basis of physicochemical parameters and the metal
content which is just detectable from the water of the town of Iglas and Beswan.Pollution of the water
sources in these areas are due to the outcome of industrialization and urbanization.
For agricultural purposes, we have assessed the ground water of those rural areas where other sources of
water availability are not existed. During the last decade, it is noticed that the surface water gets polluted
significantly because of the rapid growth of the area. Aligarh is located in the heart of India and becomes
a valuable place since the instinctive resources are all around it. Aligarh district is existing various kind of
industries and industrial estate.
A large amount of water is being used by these industries and released in the form of effluent. They
discharge this effluent into nearby channels. For this reason, groundwater, and surface water, is getting
contaminated and geochemical and geomorphological structures are also affecting. Therefore,keeping the
above perspective of contamination in water, the present study is conducted to evaluate the outcome on
the water of Iglas and Beswan ,Aligarh district.Thus,an attempt has made to test the various physical and
chemical parameters of groundwater including pH, total alkalinity (TA), chloride (Cl),total dissolved
solids (TDS) etc. We analyzed the dataand compared with standard values proposed by WHO 2011.(24)

Study area: The towns, Iglas and Beswan are in Aligarh district of Uttar Pradesh, India. These are
located along Aligarh- Mathura highway at a distance of 24 km from Aligarh shown in Fig.1.

Figure 1: Location map of Iglas to Beswan Town.

These are located at 27°43’ N 77° 56’E with an altitude of 178 meters. The town area extends from
the Karban River which flows towards Mathura and old Canal which flows towards Aligarh as shown in
Fig.2.
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Figure 2: Map showing drainage and rivers in Aligarh District.
(Source: Based on National Informatics Centre Maps-2011).

In the present study, we gathered groundwater samples in clean bottles with no air bubbles. These bottles
were lightly washed before collecting the water sample and after that it was tightly sealed and labeled in
situ.Samples of DO were tested in the field.

GEOLOGICAL SETTING
Aligarh district lies in the interfluvial system of Ganga and Yamuna which is in the central Ganga plain.
The Ganga Basin is the largest groundwater coffer in the world. They locate between the northern outskirt
of the Indian Peninsula and the Himalayas. It is outstretched in west from Delhi Haridwar ridge to
Monghyr-Saharsa ridge in the east. The bedrock is found at a depth of 340 meters below surface level.
Hydrogeological data shows that the area is containing reasonable thickness of quaternary sediments,
which comprises sands of different grade clays and kankar shown in Table 1.
Table 1: Geological Succession of Aligarh District, Uttar Pradesh, India

GROUP

AGE

FORMATION

LITHOLOGY

Recent to Upper
Pleistocene

Newer / Younger Alluvium

Fine sand silt clay admixed
with gravels

Upper
Pleistocene

Older Alluvium

Clay with kanker and sand of
different grades

Quaternary

……….Unconformity………….
Paleozonic

Cambrian

Upper Vindhyans
(Bhawder Series)

Red sandstone & Shale

Alluvial sediments imbricate the Vindhyan cluster of rocks in distressing form. The variation in the
thickness of deposits is from 287meters to 380 meters. According to Older Khan and Khurshid alluvium
take over the plain of the district while the newer alluvium takes up the lowland area along with the flows
of Ganga Yamuna and their tributaries and old channels of the Kali and Ganga rivers.
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Hydrogeological setup of the study area
There are three to four-layer aquifer structures in the study area. Aquifer seems to assimilate and growing
as a single-bodied aquifer. It is outstretched in west from Delhi Haridwarridge to Monghyr-Saharsa ridge
in the east

First aquifer group
This group is most promising and commonly exists between the depth spectrum of 0-122 meters below
the surface level and enveloping the whole area below the soil surface. The lithology composed
of blended Kanker with clay, fine and medium-grained sand. It exists below the surface soil in some
areas. Primarily groundwater has existed in the underwater table with semi-confined conditions. This
aquifer group commonly has fresh water. This aquifer group is a prime source of irrigation and drinking
purposes.

Second aquifer group
This group segregated by thick clay from the overlying shallow aquifer, and it exists at the depth
spectrum of 100 to 150 meters below surface level. This aquifer group comprises medium-grained sand
and blended fine and coarse grained sand has existed in some places. This aquifer group contains saline
water and fresh water together, which is also verified by the packer test in this aquifer group. This aquifer
group has the total clay content from 30 to 40%.

Third aquifer group
This aquifer group is largely extended in the region and disposition of this aquifer group spectrum
from130 to 300 mbgl. It has high volume based capacity but the formation of water is brackish to saline.
The variation of thickness of the granular zone in this aquifer group is from 50meters to 100 meters.

Materials and Methods
We had gathered the samples of groundwater from Iglas and Beswan town. The physical parameters such
as Turbidity, pH, Total alkalinity, and Total solids and Total Hardness determined. Similarly, chemical
parameters including calcium, magnesium, and chloride were estimated. We collected the water samples
from the hand pumps in plastic bottles. After the collection of samples, these bottles were labeled and sent
to the laboratory for investigation. Analysis of samples for various parameters like Turbidity
(Nephelometer), pH (pH meter), Total alkalinity (Indicator method), Total hardness, Ca and Mg hardness,
Total dissolved solids (Filtration method) and Chloride (silver nitrate method) has done by following the
standard procedures described in W.H.O.2011, Table 3. Manual and Indian standards. The measurements
of water quality parameter are reported in mg/l and pH and EC are reported in µs/cm.
Table 3: Table showing comparative data collecting for a qualitative study.

S.No. Parameters

1
2
3
4
5
6
7

pH
Turbidity (N.T.U.)
Total Alkalinity(mg/l)
Total Hardness (mg/l)
Calcium (mg/l)
Magnesium (mg/l)
Chloride (mg/l)

W.H.O.
Standard
(2011)
7.0-8.0
5.0
100
100
100
30
200

Iglas
(Minimumvalue)
7.79
0.84
350
210
120
90
52

Beswan
(Maximum- Value)
7.10
0.31
476
368
82
145.5
368
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8
9
10
11

Florides (PPM)
Nitrates
Dissolved Oxygen (mg/l)
Biological Oxygen
Demand (mg/l)

1.0
10
5.0
6.0

0.8
Nil
7.9
7.2

1.48
6.71
4.3
12.8

Results and Discussion
Physicochemical Parameters: Analysis carried out to investigate water quality over various
parameters in Table 4.
Table 4: Physical Parameters

Turbidity
(mg/l)
Location
In front of
Manglayaan
Manglayatan
University
Mohakampur

pH

Total
Alkalinity(mg/l)

Total
Hardness
(mg/l)

Electrical
Conductivity
(mg/l)

Total Dissolved Solid
(mg/l)

7.79

0.84

350

210

1253.66

840

7.8
7.6

1
0

528
580

232
296

835.67
1074.66

880
560

Mathura-Aligarh
H.way

7.9

0

488

252

1522

420

Beswan Chauraha

7.7

1

760

288

1880.23

660

Iglas

7.1

0.31

476

570

716.6

1420

Taau Bagh

7.6

0.62

760

440

668.23

1050

Iglas Market

7.4

0

520

510

334.56

950

Shiv dan school

7.9

0

488

633

733.67

668

Karas

7.2

1

610

588

660.66

970

pH
Trihalomethanes forms at high level of pH value in water which is toxic in nature while pH lower than 6.5
begins rusting in a pipe and liberate toxic metals like zinc, lead, cadmium, and copper (22,23). It observed
that the value of pH seems to depend on the comparative values of calcium carbonates and
bicarbonates.When water possesses carbonates then it becomes more alkaline (22,23). We can see that all
the samples have pH levels coming down with the accepted range of 6.5-8.5 (22).Mean pH value of the
samples in the study areas differing from 7.10 in Iglas and 7.79 in infront of Mangalayatan, Beswan
respectively showing slightly alkaline condition, Figure 3.
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Figure3. Variability of pH in the study area.

Turbidity
Turbidity
1.2
1
0.8
0.6
0.4
0.2
0

1 (N.T.U.)
0.84 (N.T.U.)

1 (N.T.U.)

1 (N.T.U.)
0.62 (N.T.U.)

0.31 (N.T.U.)
0 (N.T.U). 0 (N.T.U.)

0 (N.T.U. 0( N.T.U.)

For describing the groundwater quality, turbidity is an important standard. Turbidity may be in the water
due to the various solid materials in suspension state categorize in grade from very fine to coarse
dispersions on the basis of unsteady movement of water. Turbidity is varied from 0.31N.T.U in Iglas
and1.0 N.TU. in Beswan Chauraha respectively, Figure 4.
Figure 4 Variability of turbidity in the study area.
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Total alkalinity
Alkalinity could be exceeded due to the minerals which dissolved in water from mineral-rich soil.
Bicarbonates, hydroxides, phosphates,carbonates, borates, silicates and organic acid which are ionic in
nature imparts the alkalinity in water. Sometimes, ammonia or hydroxides are also contribute in the
alkalinity (23).. When it goes above the standard value then causing digestion, Malfunctions, Metabolic
abnormalities. The alkalinity in the study area ranged between 476mg/l in Iglas and 350mg/l in front of
Mangalayatan, respectively as CaCO3 pointed out the that water is high alkaline in nature, Figure 05.

Total Alkalinity
760 (mg/l)

800

760 (mg/l)

580 (mg/l)
528 (mg/l)

600
400

488 (mg/l)

520 (mg/l)
476 (mg/l)

610 (mg/l )
488 (mg/l)

350 (mg/l)

200
0

Figure 5. Variability of alkalinity in the study area.

Total Hardness
Total hardness varies between Iglas (570 mg/l) and (210 mg/l) in front of Mangalayatan, Beswan. The
hardness of groundwater in Beswan is more as compared to Iglas. Some salts are presents in the in the
water which create the hardness in the solution.The hardness may be helpful in some conditions it averts
the corrosion by making a skinny layer of scale and decrease the accessibility of heavy metals from the
pipe to the water (21, 23). We can classify water in terms of hardness, as shown in Table 2.
Table 2: Table showing Hardness.

Total Hardness in mg/l

% of samples

Classification

0-75
75-150
150-300
300 -3000
>3000

No. of
Samples
Nil
Nil
6
4
Nil

Nil
Nil
60
40
Nil

Required for Drinking
Required for drinking
Required for drinking
Acceptable for drinking
Unacceptable for Irrigation and
drinking purposes.

Total

10

100

114 J.C. Bose University of Science and Technology, YMCA, Faridabad

About 60% of groundwater sources in the field of study have TDS levels less than 500 mg/l which is the
requirement of drinking purpose and about 40% is acceptable for a drinking base on TDS concentration
Figure 6.
Total Hardness
800

400

633 (mg/l)

570 (mg/l)

510 (mg/l)
440 (mg/l)

600

588 (mg/l)

288 (mg/l)
232 (mg/l) 296 (mg/l)
252 (mg/l)
210 (mg/l)

200
0

Figure 6. Variability of hardness in the study area.

Electrical Conductivity
Electrical Conductivity assess the appropriateness of a matter or solution to carry electrical current
through the water. EC values were between 334.56 µmhos/cm in Iglas market to 1880.23 µmhos/cm in
Beswan Church. High EC values implies, a large amount of ionized form of dissolved inorganic
substances are available in water, Fig.7.
Electrical Conductivity
2000
1600
1200
800
400

1880.23
(µmhos/cm)

1522
1253.66
(µmhos/cm)
1074.6
(µmhos/cm)
835.67 (µmhos/cm)
(µmhos/cm)

716.6
(µmhos/cm) 668.23
(µmhos/cm)

733.67
(µmhos/cm) 660.66
(µmhos/cm)
334.56
(µmhos/cm)

0

Figure 7. Variability of Electrical Conductivity in the study area.
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CHEMICAL PARAMETERS
Chemical parameters are shown in Table 5 and discuss below:
Table: 5 Chemical Parameter

Location
In front of
Manglayaan
Manglayatan
University
Mohakampur
Mathura-Aligarh
H.way
Beswan Chauraha
Iglas
Taau Bagh
Iglas Market
Shiv dan school
Karas

Calcium

Magnesium Chloride Fluoride

Nitrates

DO

BOD

120

90

52

0.8

0.6

7.9

7.2

140
112

91
185

89
169

0.7
0.9

0.8
0.12

12.6
14.7

7.7
8.4

108
80
82
81
110
116
210

144
78
145.5
96
188
136
74

149
176
368
333
390
410
116

0.67
0.97
1.48
0.57
0.5
0.9
0.67

0.19
0.7
6.71
6.11
7.1
8.9
5.9

11.8
10.8
4.3
3.37
8.4
11.6
9.6

7.7
9.6
12.8
11.8
14.7
12.8
7.8

Calcium
Ample amount of Calcium is found in natural waters. It mainly derived from rock minerals. Calcium is
unwanted in a higher concentration for washing, bathing and laundering purposes and low-level value of
calcium is favorable in lowering the rusting in pipes. Calcium concentration was 82 mg/l in Iglas and 120
mg /l in front of Mangalayatan, Beswan. It perhaps derives the observed variability in Ca levels between
the two settlements from the variability of the geologic materials. The study area is actually of granitic
land. Experts have considered that the changes in relative movement of sodium, potassium ,calcium and
magnesium are noticeably different in the groundwater from granitic land and the higher concentrations
of chlorides ,calcium, magnesium, and bicarbonates in many instances are probably because of for their
low rate of removal by soil( Somshekhar et al,2000).. They may associate high Ca level with increased
risk of Kidney stone, colorectal cancer, Hypertension, Stroke, and Obesity. Calcium is differed from
82mg/l and 120mg/l CaCO3 in study area. Figure.8

Calcium
250

210 (mg/l)

200
140 (mg/l)
150 120 (mg/l)
112 mg/l) 108 (mg/l)

100

110 (mg/l)116 (mg/l)
80 (mg/l) 82 (mg/l) 81 (mg/l)

50
0
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Figure 8. Variability of calcium in the study area.

Magnesium
Magnesium concentration was found 145.50mg/l in Iglas and 90 mg/l in infront of Mangalayatan
University Beswan.
Magnesium
185 (mg/l)

200
160

188 (mg/l)
145.5 (mg/l)

144 (mg/l)

120

90 (mg/l)

96( mg/l)

91 (mg/l)

80

136 (mg/l)

78 (mg/l)

74 (mg/l)

40
0

Figure 9. Variability of Magnesium in the study area.

Chloride
Chloride inherently found in all kinds of waters. Presence of chloride content is because of minerals like
mica,apatite, hornblende and also from the water insertion of igneous rocks in the groundwater (Das and
Mallik,2000). Chloride is responsible for diseases like Vomiting and nausea. We found the chlorides 368
Chloride
500
400
300
200
100
0

368 (mg/l)

52 (mg/l) 89 (mg/l)

333 (mg/l)

390 (mg/l) 410 (mg/l)

169 (mg/l) 149 (mg/l) 176 (mg/l)

mg/l in Iglas and 52 mg/l in infront of Mangalayatan, Beswan, Figure10.
Figure 10. Variability of chloride in the study area.
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116 (mg/l)

Fluorides
The concentrations of Fluorides are found 1.48 mg/l in Iglas and 0.9 mg/l respectively. Fluoride is
favorable for living things as a micronutrients, these provides the shield for tooth decay and contribute in
bone development, but a high concentration of fluoride in potable water or amalgamation of water with to
other sources of fluoride can give rise to several detrimental consequences. Fig. 11
Fluoride
2
1.48 (mg/l)
1.8
1.6
1.4
0.97
(mg/l)
0.9
(mg/l)
0.9 (mg/l)
1.2 0.8 (mg/l) 0.7(mg/l)
0.67 (mg/l)
0.67 (mg/l)
1
0.57
(mg/l)
0.5
(mg/l)
0.8
0.6
0.4
0.2
0

Figure 11. Variability of Fluoride in the study area.

Nitrates
Nitrates are found generally less than 1 mg/l in the water. The values of nitrate more than10 mg/l will
influence the freshwater aquatic surrounding. The maximum value of nitrate 10 mg/l is also acceptable for
the purpose of drinking. The recommended value for sensible fishes like salmon is 0.06 mg/l.The Nitrates
in the study area varied widely 6.71 mg/l in Iglas and 0.6 in infront of Mangalayatan, Beswan respectively
Figure 12.
Nitrates
10
9
8
7
6
5
4
3
2
1
0

8.9 (mg/l)
6.71 (mg/l)6.11 (mg/l)
0.8 (mg/l)
0.6 (mg/l)

7.1 (mg/l)
5.9 (mg/l)

0.19 (mg/l)
0.12 (mg/l)
0.7( mg/l)

Figure 12. Variability of Nitrate in the study area.

Dissolved Oxygen
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Dissolve Oxygen is a crucial parameter to assess the quality of water and aquatic life existing in the
water. The pollution is measured by the DO value in the water bearing areas. The presence of DO express
the quality and acceptability of water. Low concentration of DO in the water indicates bacteria and
minerals. Dissolved oxygen determined under the study area and found between 4.3mg/l in Iglas and
7.9mg/l in infront of Mangalayatan, Beswan, Figure 1
Disolved Oxygen
16
14
12
10
8
6
4
2
0

14.7 (mg/l)
12.6 (mg/l)

11.8 (mg/l)

11.6 (mg/l)

10.8 (mg/l)

9.6( ml/l)

8.4 (mg/l)

7.9 (mg/l)
4.3 (mg/l)

3.37 (mg/l)

Figure 13. Variability of dissolved oxygen in the study area.

Biological Oxygen Demand
The BOD values showing pollutants in the water bodies which is not good for the existence of marine
organisms that play an important ecological role. Biochemical oxygen demands in the study area are 12.8
mg/l in Beswan and 7.2 mg/l in Iglas, Figure 14.

Biological Oxygen Demand
16
14
12
10
8
6
4
2
0

12.8 mg/l 11.8 mg/l
7.2 (mg/l) 7.7 (mg/l

8.4 (mg/l

7.7 mg/l

14.7 mg/l

12.8 mg/l

9.6 mg/l

7.8 mg/l

Figure 14. Variability of biological oxygen demand in the study area.
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Result and Discussion
Many of the parameters are going beyond the acceptable limit of good quality water. As we have seen,
Diarrhea and fever are the major diseases caused by imbalanced nature. Talking based on data provided
by the Annual Health Survey (A.H.S.) conducted by the Government of Uttar Pradesh. In Aligarh District
children suffering from Diarrhoea (%) is about 7.5% and from Fever (%) is about 24.3%. The
graphical representation of water quality in this area also shows that the water quality at Iglas and Beswan
is very poor. Parameters such as pH, Turbidity, DO, Fluoride and Nitrate found within the standard
ranges of W.H.O.(26), but most of the parameters like Calcium, Magnesium, Chloride, Dissolved Oxygen,
Total Alkalinity, Biological Oxygen Demand and Total Hardness are not fall in the standard.

Conclusions
The Rapid growth of the population in the area increases its residences dependence more on
groundwater but the groundwater quality is not found up to mark. People must become more aware of the
utilization of Groundwater and how their activities may lead to contamination of groundwater sources.
This study is an attempt to estimate the quality of groundwater in Iglas and Beswan, using some
physicochemical parameters. Results have shown that Groundwater varied markedly between the town
locations. Despite the observed variability, Groundwater sources in the study area are suitable for
drinking. Further, this study employed a limited number of parameters to evaluate the groundwater
chemistry and assess it overall suitability for drinking. Therefore, broader studies analyzing Groundwater
over wider spatial and temporal scales are recommended.
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Abstract: - This paper represents a small size of twin elliptical microstrip patch antenna aspect
for the next generation of 5G device. This antenna has a structure of 88.62 X 88.62 X 1.98 mm3
including the ground plane, patch and T junction power divider. This antenna resonant at 3.5
GHz covering 5G frequency band. This antenna provides the edge impedance is 50.24 Ohms,
which is matched with feed line impedance at 50.41 Ohms. The substrate used is Rogers
RT5880LZ (εr=2, loss tangent=0.0021) to enhance the gain and achieve a wide impedance
bandwidth resulting in high efficiency is 95.4%. This antenna is providing the gain (IEEE) is
10.1 dB and the directivity of this antenna is 10.3 dBi. At resonant frequency the return loss
(S11) is below to -55.10dB and VSWR close to unity of this antenna.

Keyword: -Twin elliptical, 5G, RogersRT5880LZ, edge impedance T-junction power divider,
Returns loss, VSWR.

I. INTRODUCTION
Microstrip antennas are used in wide range of applications due to their simplicity,
conformability, less manufacturing cost, low profile, light weight, reliability and ease in
fabrication [1-2]. FCC (federal communication commission) has approved the band across 3.1 –
10.6 GHz for commercial use and is known as UWB (ultra wide band). UWB technology has
many benefits like high data transmission rate, low power consumption, compactness, low cost.
There is a wide range of applications for UWB system, which include satellite communications,
RADAR, biomedical and imaging system. [3-4].
In the past few years mobile wireless communication has experienced various generations from
1G to 4G technology. The first generation comes 1G after that 2G, 3G 3.5G, 4G and 5G. Each
generation utilizes different digital communication techniques like cellular frequency re-use,
packet switching, modulation etc. Until the 4G wireless communication systems has already
been deployed in almost all countries. However,4G still cannot accommodate some challenges
like spectrum crisis, high energy consumption, poor coverage, bad interconnectivity, poor
Quality of Service (QoS) and flexibility [5-6]. To address all these demands 5G wireless system
are expected to be deployed in the future by 2020 [6].To fulfill all the needs of fifth generation
(5G) wireless system to facilitate higher data rate, better reliability, more connectivity, lower
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latency and improved security features wireless system designers need a new concept and design
approach [7].
A wide band mm wave system requires a wideband feeding network that distributes the power
equally/unequally among array elements. The planar T- and Y-junction power divider provides a
simple three-port design structure and easily achieves equal or unequal power division. T and Y
junction based power dividers do not require high frequency resistors. However, such power
dividers suffer from low isolation between the output ports. To compensate for additional freespace loss and blockage, a wide BW and high gain antenna is necessary to obtain wideband
directional Phased Array Antennas (PAAs) in many mm Wave system applications. Steering
such a directive narrow beam is needed to provide enough spatial coverage for mobile broadband
mm Wave 5G wireless communication systems [8-9].
In this paper the antenna is designed for 5G mobile communication so for better performance of
this antenna use T junction power divider to provide the feed of twin elliptical antenna to
compare with single elliptical antenna. It gives more gain and directivity at 3.5 GHz. It give high
negative return loss (-50.47) and the VSWR is close to unity. And the radiation efficiency is near
to 95.4%. All the results are found by simulate and design this antenna on the Microwave CST
(Computer Simulation Tool) studio. Along with E field and H field pattern.
MICROWAVE CST STUDIO (MWS CST) is a powerful tool for the 3D electromagnetic
simulation of high frequency components.
MWS CST offers unparalleled performance, making it first choice in technology leading
research & development departments [10].

II ANTENNA DESIGN
The geometry of the antenna is shown in fig.3 for future 5G wireless mobile communication. In
this proposed antenna two twin ellipse patches are connect with T junction power divider both
patch have same dimensions. The antenna is designed using Rogers RT5880LZ (εr=2.0 and loss
tangent=0.0021) having dimension’s88.62 X 88.62 X 1.98 mm3.In the antenna both patch is feed
by inset feed technique to reduce capacitance or inductance effect and the patch feed by 50 ohms
microstrip line here the patch, T- junction power divider and ground are designed by PEC
material. The proposed antenna geometry is simulate on microwave CST studio suite.
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Fig.1:- T- junction power divider

Fig.2:- Single elliptical patch antenna with inset feed

The input impedance of an inset-fed microstrip patch antenna depends on the inset distance Ls
and to some extent on the inset width (the spacing between the feed line and the patch
conductor).Variations in the inset length do not produce any change in resonant frequency, but
a variation in the inset width Ws will result in a change in resonant frequency. Hence, in the
following discussion, the spacing between the patch conductor and feed line is kept constant,
equal to the feed line's width; variations in the input impedance at resonant frequency with
respect to inset length will studied as a function of various parameters.

Fig.3:- front view

Fig4:- side view
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Table-1 Different Parameters of the twin elliptical microstrip patch
antenna
W0

L0

H

tg

Fw

Fl

Fl1

L

Ws

1.82

.09

5.74

16.27

24.61

48.52

2

Ls

R1

R2

7.09

22.5 16.6

Parameter
Value

108.63 94.59

(mm)

As we know that there are many type of feeding technique are used to design patch antenna
like direct feed, quarter wave feed line, coaxial cable, probe feed, coupled (indirect)feed,
aperture feed and inset feed. All the feeding technique have their importance such as
impedance improved, low radiation on the transmission line and maximum power transmit by
the feed to the patch so all this technique is used. Here we use inset feed because in this
technique the input impedance of the port is matched 50 Ohms .since the current low at the
ends of a half wave patch and the magnitude of current decrease toward the center and
magnitude of the voltage will be increase so the impedance will be increase (Z=V/I).since the
current has a sinusoidal distribution moving in a distance of Ls from the end will increase the
current by As shown above in fig.1 the T junction power divider is designed with each
transmission line include 50 Ohms impedance here two transmission line is connect in series
and connect parallel with port1 transmission line so total input impedance of line is 50 ohms .

III. RESULTS AND DISCUSSION
The above antenna has been designed and simulated on microwave CST studio Suite [11].
Initially the antenna was designed for the operation of the resonant frequency 3.5 GHz and the
plot s11 (return loss) as shown in fig.5. the obtain band at resonant frequency is fr=3.5GHz and
band range from 3.44Ghz to 3.57 GHz at -10dB Return loss , the Return loss at resonance
frequency is -55.47dB. The Return loss is the loss of power in the signal returned /reflected by a
discontinuity in a transmission line .this discontinuity can be mismatch with the terminating load
or source which fed to the patch. Return loss defend as in term of incident and reflected power
from load
Return loss =10Log10 (Pi/Pr)
The smith chart shown in fig.6. shows that the input impedance of patch at 3.50 Ghz frequency
is perfectly matched with the feed line impedance and at 3.50Ghz the input the impedance of
antenna is Z= 50.4127+j0.041, it is shows that the real part of Z is 50.41ohm that is matched
with feed line impedance 50.24 Ohm and imaginary part of Z is approximately zero, So we can
say that at resonance frequency the complete power is deliver to the patch minimum or
approximately zero power is reflect back to source. Also we can analysis matching of antenna
impedance with feed line using VSWR that is also minimum approximately unity at resonance
frequency.
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Fig.5:- Return Loss

Fig.7:-VSWR

Fig.6:- Smith Chart

Fig.8:- Total Efficiency

The range of VSWR is equal one to infinite since the minimum value of VSWR is represent the
no power is reflected from the antenna which is ideal As shown in fig.8 the total efficiency of an
antenna is the ratio of the power delivered to the antenna relative to the power radiated from the
antenna .A high efficiency of antenna has most of the power present at the antennas input radiate
away. Low efficiency antenna has most of the power absorbed as losses within the antenna or
reflected away due to impedance mismatch. As shown in fig.8 the total efficiency is .953 mean
95.3% .the total efficiency is always less than the antenna radiation efficiency. The radiation
efficiency same as total efficiency if there was no loss due to impedance mismatch.
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Fig.9:- Gain Vs Frequency (GHz)

Fig.10:- Gain Vs Theta (degree)

The term of antenna gain is described how much power is transmitted in the direction of peak
radiation to that of an isotropic source. as shown in fig.10 the gain (main lobe magnitude) of this
antenna is 9.97dB and main lobe direction is 0 degree and angular width (3dB) is equal to 44.3
deg. At -3dB power and side lobe level is equal to -21.5 dB which are more negative in dB .The
angular width also called as HPBW (half power beam width) which are represents by the -3dB
lower the maximum magnitude of the lobe. The gain and directivity also related to the efficiency
is as shown in fig.9 gain vs frequency here at the resonant frequency is 3.5 GHz the gain is
9.9dB which are most perfect result compare to single elliptical patch antenna. And also shown
that the operation frequency is lower the resonates frequency then the gain also increase and
after some frequency decrease and after that increase the gain but the operating frequency is
increase the gain is reduce.

Fig.11:- Directivity (dBi)

Fig.12:- 3D Gain (dB)
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The directivity is the fundamental parameter of the antenna which represents the direction of
radiation pattern. If the antenna is radiate in all direction equally then the effective
directionality would be 0 and the directivity of this antenna is 1 or (0dB). The antenna
normalized radiation pattern is and the directivity is as shown in fig.11 the directivity is 10.17
dBi at resonant frequency 3.5GHz. And also show that the directivity will decrease with
increase of frequency and also increase with decrease of frequency of the resonant frequency.
Above show in fig.12 the gain in 3D which represents the main lobe direction in Z direction
above the antenna which show 10.1 dB gain.

Fig.13:- E-field distribution

Fig.14:- Surface current distribution

The majority of calculation for antenna impedance, resistance, radiation resistance, reactance,
and radiation pattern are based on the current distribution in the antenna as shown in fig.14 the
surface current distribution will be proper explain. Theoretically the patch have high
magnitude of the impedance on the edge and low magnitude on the mid part of patch so the all
current distribute on the center of the patch at the resonant frequency. This distribution is
depends on the height of the substrate which is present for antenna size. At each open circuit
the electric field is close to anti node as shown in fig.13, maximum at edge of the patch and
minimum at center of patch.
Table 2: Antenna performance table:Parameter

Value
3.50

Val
ue

Parameter
B.w (%)

3.6

Resonates frequency(GHz)
Return loss(dB)

-55.10

Efficiency (%)

95.30

VSWR

1.0607

Directivity(dBi)

10.3

Gain(dB)

10.10

Input impedance(ohms)

50.41
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Table 3: Antenna Comparisons table:-

No.

1

Parameter

Return

Direct feed

Inset feed

Twin elliptical

elliptical MSPA

elliptical MSPA

MSPA

-14.015

-50.882

-55.106

loss(s11)(dB)
2

Impedance(ohm)

61.15

50.75

50.41

3

Admittance

.013

.016

.020

4

Bandwidth(GHz)

.0816

.0862

.128

Bandwidth(MHz)

81.6

86.2

128

5

Bandwidth(%)

2.3

2.4

3.6

6

VSWR

1.5181

1.333

1.05

7

Radiation

-0.414

-0.420

-0.200

-0.6112

-0.515

-0.204

Efficiency(dB)
8

Total
efficiency(dB)

9

Energy(dB)

-2.054

-1.94

-16.78

10

E field(v/m)

30626.4

30964.5

20503

11

H field(A/m)

49.80

40.12

58.01

12

Surface Current

36.18

36.06

53.63

13

Directivity(dBi)

7.971

7.978

10.34

14

Gain(dB)

7.557

7.558

10.14
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IV CONCLUSION
The conclusion is that the antenna simulation in microwave CST studio in which the port
impedance is match completely near to 50 ohms at resonant frequency 3.5 GHz. the return loss is
very high negative -55.47dB which are the best for high radiation on patch and low radiation on
the strip line. The impedance is matched at the port and feed to the patch so the maximum power
transfers by the port to the patch about near to 50%. Also provide the minimum reflection at port
and VSWR reach near to unity or above unity 1.0607and the power will be transmitted at 3.5
GHz is 47.6% which is more important the bandwidth is narrow so this is very suitable for use of
UWB application.
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Abstract: The environment is facing consequential issues of wastewater effluent from textile
industries which may contains dyes and other toxic elements. Membrane technology which can
be a promising alternative for treatment of wastewater to avoid significant threat to environment.
Membrane synthesis is most favorable choice in membrane technology. In this paper, overview
of methods of membrane synthesis techniques has been done. Further, characterization of
materials for preparation of membrane is done. In addition, various membrane properties such as
water contact angle and permeate flux also examined. Finally, future prospective of membrane
synthesis process has been mentioned.

Keywords: Dyes, Industrial wastewater, Membrane synthesis, Contact angle, Flux, Fouling
Introduction
The textile wastewater contains physical parameters such as color, odour, temperature, turbidity
etc., chemicals parameters such as pH, DO, BOD, COD etc. and some biological parameters
(Nasir, Masood, Yasin, & Hameed, 2019). Table 1 shows various treatments provided to treat
dye wastewater.
Table 1: Various treatment methods of dye wastewater

Sr.No. Treatment Methods
1
Fenton’s reagent method

2

Ozonation

3

Activated carbon

4

Photochemical

Remarks
Soluble also insoluble dyes can
be effectively decolorized ;
Generation of high amount of
sludge
Volume won’t alter;
Shorter half-life
Efficient removal of various dyes;
Expensive
Sludge production is considerably
less;
Possibility
of
bi-products
formation

References
(Kuo, 1992)

(Sevimli & Sarikaya,
2002)
(Santhy
&
Selvapathy, 2006)
(Muruganandham &
Swaminathan, 2004)
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5

Electro
coagulation

kinetic Economically practicable;
Excessive sludge production

(SenthilKumar,
Umaiyambika,
Gayathri, 2010)

&

Membrane synthesis
Synthetic membranes can be prepared by variety of organic and inorganic materials by following
processes. In phase inversion process (Strathmann & Kock, 1977), membrane structure can be
prepared by polymer rich solid phase and membrane pores can be prepared by polymer poor
liquid phase by polymer solution which is homogeneous. Blending process gained interest due to
materials friendly operation and highly stable performance (Yang, Zhang, Wang, Zheng, & Li,
2007). Highly porous, highly permeable membranes with large surface area and high
mechanical strength can be achieved by electro-spinning method (Zhang, Nakagawa, & Kotaki,
2010). With interfacial polymerization process (Chai & Krantz, 1994), formation of macro-void
pores as well as degradation by vulnerable to severe environment can be avoided.

Membrane properties affected by synthesis process
(Wang et al., 2011) proved that water contact angle rises from 145.6O to 161.2O from
superhydrophobic membrane prepared by electro spinning PVDF mixed with SiO2 nanoparticles.
The FO membrane were prepared by (Qiu, Qi, & Tang, 2011) in layer-by-layer structure
assembly (of PAH-PSS-PAN) giving water flux of 100 L/m2 h which is considered as higher
water flux. Carbon nanotubes blend with PS were synthesized for control over fouling (Celik,
Park, Choi, & Choi, 2011). The result shows increased water flux and less fouling rate.

Conclusion and future prospective
Various methods has described in this paper regarding membrane synthesis. The membrane
prepared by synthesis process shows excellent results compared to others in terms of water
contact angle, flux and fouling. Yet, there is a need to enhance these parameters in account to
achieve desired results. Some unique materials need to be found out for synthesis of membrane
in forward osmosis and membrane distillation process which can improve characteristics and
performance of membrane.
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Abstract
This paper is presented a case study of energy efficient hospital building. In this paper main
focus is on Internal Electrification, Telephone wiring system, LAN networking system and
CCTV System. Local area networks carry various multimedia applications such as data, voice,
video and time sensitive control information. As per the main motive of energy efficient green
building our focus is on the maximum energy conservation and quality of services. As per
Energy Conservation Building Code (ECBC) all wiring system and all appliances used are of
GRIHA five star rated. Further this paper focused on the proper designing process of the
installation of CCTV circuit in a six floor hospital building. All devices used for the installation
is as per standards and norms of Bureau of Energy Efficiency.

Keywords
Telephone Wiring System, Green Building, LAN Networking, CCTV Systems, Energy
Conservation.

Introduction
Commercial building, primary offices, hospitals building etc are classified as highest energy
consumption [2]. The commercial building sector has taking initiative to implement several
governmental energy reduction initiatives to achieve more sustainable development. Long term
energy saving can be achieved by improving the building design as well as conserving energy
during the operation phase[3]. Energy demand is also dependent on the quality and type of the
instrument used. In this paper a survey of energy efficient hospital building is presented. In
which main focus is on electrical installation work, Telephone network system installation, LAN
Networking and CCTV installation of a six floor hospital building.
All the electrical Installation work is carried out in accordance with Indian Standard Code of
Practice for Electrical Wiring Installation IS: 732-1989 and IS: 2274-1963. It is also be in the
conformity with the current Indian Electricity rules and regulations and requirements of the
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Local Electricity Supply Authority and Fire Insurance regulations, so far as these become
applicable to the installation. FRLS PVC insulated Copper conductor wires are used for points,
circuit & sub-main wiring conforming to relevant IS-Codes[1].

Metallic Conduit Wiring System
(a) Size of conduit
All conduit pipes are of approved gauge upto 16 SWG for conduits of sizes up to 32 mm
diameter and upto 14 SWG for conduit of size above 32mm diameter reamed by welding
finished with black stove enameled surface. All conduit accessories are of threaded type. The
maximum number of PVC insulated 650/1100 volts grade copper conductor cable.

(b) Conduit Joints
Conduit pipes are joined by means of threaded couplers, and threaded accessories. In long
distance straight run of conduits, inspection type couplers at reasonable intervals is provided
Threads on conduit pipes in all cases are between 13 mm to 19 mm long and sufficient to
accommodate pipes to full threaded portion of couplers.

(c) Protection against condensation
The layout of conduit is such that any condensation or sweating inside the conduit is drained
out. Suitable precaution is also taken to prevent entry of insects inside the conduit.

(d) Protection of conduit against rust
The outer surface of conduit including all bends, unions, tees, junction boxes etc. forming part
of conduit system is adequately protected against rust. The bare thread portion of conduit is
treated with anticorrosive preservative or covered with approved plastic compound.

(e) Surface Conduit
Conduit pipes is fixed by saddles, secured to suitable approved plugs with screws in an
approved manner at an interval of not more than one meter, but on either side of the couplers or
bends or similar fittings, saddles are fixed at a distance of 30 cm from the center of such
fittings. In long distance straight run of conduit, inspection type couplers at reasonable intervals
is provided.

Lightning Fixture and Fans
(a) General
LED Lighting fixtures are installed as per IS 4347 for Hospital Lighting. All fixtures are
delivered to the building complete with suspension accessories, canopies, hanging devices,
sockets, holders, reflectors, ballasts, diffusing material, louvers, plaster frames, recessing boxes,
etc. Fixtures, housing, frame or canopy are provided a suitable cover for fixture outlet box.
Fixtures are completely wired and constructed to comply with the IEE wiring regulations
requirements for lighting fixtures, unless otherwise specified. For Labs, ICU, CCU and other
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Critical Areas, Clean Room LED Light Fixtures are provided to maintain requisite Lux level as
per NBC 2016, ECBC. A circuit diagram of power distribution system in a six floor hospital
building is as shown in fig1.

(b) LED Light Fixtures
LED Lighting fixtures are provided luminous efficacy of more than 100 Lumens/ Watt, including
Driver & accessories. LED Light Fixtures have inbuilt harmonic mechanism to mitigate
harmonics.

Fig1. Circuit Diagram for Power Distribution System in Six Floor Building
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(c) Ballasts/ Driver
Ballasts/ Driver are electronic type and having high power factor type. Ballasts have
manufacturer's lowest sound level and case temperature rise rating.

(d) Ceiling Fans
All ceiling fans are provided with suspension arrangement. Fan box with MS hook is provided
as per CPWD specification. Ceiling fan of Heavy Duty, double ball bearing type, copper wound
motor complete with canopy, down rod, blades etc. and conform to relevant IS Standards. All
Ceiling Fans are white in colour and provided with electronic regulator. Electronic Regulator is
suitable for 240 volts A.C supply 50 Hz and of continuous duty type and with BEE Star rating.
Ceiling Fans is of 5-Star BEE rated & comply with ECBC norms.

Fig2. Connection Diagram for Ceiling fan regulator and LED Light

(e) Exhaust Fans
Exhaust fans are of heavy-duty type with double ball bearing and conforming to IS 2312.
Exhaust fan is complete with copper wound motor, capacitor, Louver/shutter, frame and
mounting bracket. Exhaust fan is suitable for operation on 240 volts single phase A.C supply
with BEE 5-star rating & comply with ECBC norms.

Telephone System
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(a) Point Wiring for Telephone System
The point wiring is carried out with telephones cables, 2 pair, un-armoured, PVC insulated and
sheath, 0.51 mm dia annealed tinned copper conductor, conforming to ITD specification S/WS113C armouring and outer sheath as per IS: 1554 in 25 mm steel conduit (one pair always
remaining spare for one point). UTP cable Cat – 6 is laid. Minimum diameter of steel conduit for
telephone wiring is 25 mm. The point is commence from the main telephone tag box and
terminate at outlet box of point. Each telephone point have 1 no. flush type RJ11 telephone jack
fixed on 3 mm thick, hylem sheet in MS outlet box. More than one telephone socket outlet is
fixed on one outlet box, provided these points are at one place and multi-pair telephone cable has
been drawn to this point from tag box.

(b) Point Wiring (Computer Data)
The point wiring is carried out with data cable of four un-armoured, PVC insulated and sheath,
0.50 mm dia annealed tinned copper conductor CAT 6 in suitable size conduit.

(c) Telephone Cable Work (Underground System)
The cable is suitable for telephone system of suitable pairs, steel armoured, PVC insulated and
sheath, 0.51 mm dia annealed tinned copper conductor, conforming to ITD specification S/WS113C armouring and outer sheath as per IS:1554. All telephone cables for underground laying
are jelly filled type. Specification for laying of telephone cable in underground system is same as
for electrical system.

(d)Telephone Tag Boxes
These are of KRONE type using insulation displacement technique in which there is no stripping
or soldering of wire, of MS sheet 14 G with connector suitable for telephone connection. It have
hinged MS sheet cover. Tag box of sufficient size to not only accommodate required KRONES
but also space for dressing of wires.

(e) Television Point Wiring
Only steel conduit minimum 25mm dia are provided and laid for all tv wiring. Co-axial TV cable
of single strand tinned copper conductor of diameter 0.80 mm, complete with metallic shield.
Cable having signal loss less than 6 db per 100 Mts. for band 1 UHF is provided and laid. One
number TV wall outlet in suitable MS box is fixed at each receiving end. In each 25 mm dia
conduits max. 2 nos. co-axial cables are drawn.

(f) Enhanced Category 6 UTP specifications
The UTP is of 4-pair, with 24 SWG solid or standard copper conductors. The UTP-based cabling
system have a 160 MHz channel bandwidth over a maximum distance of 100m (328 ft) and a
channel power sum attenuation-to-crosstalk ratio (PSACR) of 9.6 dB@ 100 MHz using an
interconnect or BIX cross connect configuration

(g) UTP Outlets
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The outlet UTP connection module and its optional cover available in the following colors: grey,
almond, white, black, orange, red, yellow, green, blue, purple and brown. The outlet UTP
connection module is Power Sum rated, with a power Sum NEXT performance equal to or better
than ANSI/TIA/EIA-568 Category 5 pair-to-pair NEXT performance specifications, and have a
PS5 marking to indicate compliance. The eight-position outlet UTP connection module
accommodation six-position modular plug cords without damage to either the cord or the
module. It is possible to inspect and re-terminate the UTP cable at the outlet through front access
at the face plate. The faceplate housing the outlet UTP connection modules have aperture plugs
to cover any unused openings in the faceplate. The faceplate housing the outlet UTP connection
module in wall mounted single and dual-gang electrical boxes, utility poles and modular
furniture (cubical) access points using manufacturer supplied faceplates or adapters, equipped
with front, side or angled-entry options for modular cords.

(h) UTP System Testing
There are two primary field test parameters for an UTP-based end-to-end cabling system. These
are continuity wire mapping and a visual inspection. Continuity wire mapping is used to verify
consistency pair-to-pin terminations at each end of a given cable. It also checks for faulty
connections in the run. For each of the eight conductors in the cable, continuity wire mapping
indicates Continuity of the channel to the remote end, Shorts between any two or more
conductors, Crossed pairs, Reversed pairs, Split pairs, Any other wiring.

(i)TELEPHONE TAG BLOCK (TTB / IDF)
CAT-5e unshielded twisted pair cable in MS conduit is modern structured cabling network for
telephone system, to have latest facilities for Internet and also data cabling. All the telephone
Jack are terminated on RJ-11 jacks and installed onto a dual Jack faceplate. Telephone RJ-11
Jacks terminated with a BLACK Connector Jack.
For LAN CAT 6 UTP cables is used for interconnecting the RJ 45 outlets to Intermediate
Switch. These Intermediate switches are installed in a rack cabinet and located in electrical room
of the respective floors. Fibre Optic cable is used for backbone to interconnect the Intermediate
switch to IT room’s Server rack. All the Data Jack is terminated on an 8 wire, 8-position Jack.
Each RJ-45 Data Connection is terminated with a BLUE Data Jack. EPABX system, with latest
technology is provided to provide Voice Mail & Call Accounting by costing of all calls made by
telephones. A small cabinet for Low current services is provided at the false ceiling level to
locate all the terminal points like Tel. Tag block, tap-off box for MATV etc., for interconnecting
all the low current outlets. Each tel. outlet is provided a separate wire from the room tag block.
Similarly one CAT-5e wire from the floor TTB/IDF is provided for each Tel. Outlet. A Multi
pair box Tel. Cable is laid from the Service gate to the Telephone switch room MDF for Direct
lines from the Service provider. Some of the lines is bypassed to EPABX and directly provided
to Top management’s office & Telephone operators for direct communication to outside. Rest of
the lines is routed through EPABX for the use of patrons & staff through extensions. The
following area has direct access to outside Tel. lines:
a) Telephone Operator’s room
b) Telephone Switch room
c) Security room
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d) Fire officer room

LAN Networking
RJ 45 data outlets are provided for Computers, networking as per requirement in rooms and other
areas at various floors in all the blocks. The Data Outlet points are connected to Rack Panel with
4 pair Cat-6 wiring in recessed conduit or Raceways.
The maximum Length of the Cat 6 cable from end user point to the Hub or Edge switches approx
90Mtr. Beyond this length Fiber Optic Cable is used. UPS Power supply to these computers is
also run through conduits or floor trunking. The Rack Panel at various floors is connected to
Main rack of the building with fiber optic cable through conduit or raceways on surface recess as
shown in fig3.
The LAN SYSTEM comprises of Passive components and Active Components. The Technical
specifications of both the components are given below:
(a) PASSIVE (STRUCTURED CABLING)
Table 1. 2 & 4 Port Shuttered Face Plate
General Specification
a) Color: White
b) Width : 86.36mm (3.4 in)
c) Height: 86.36mm(3.4 in)
d) Depth: 13.72mm(0.54 in)
Compatible with CAT 5e/CAT 6/CAT 6A

Table 2. 6/12 Indoor MM OM3 Fiber Cable
Standard Compliance
Multimode (OM3), Low Smoke Zero Halogen Riser Distribution Cable, 6/12fiber single-unit.
No. of Fibers: 6/12
Construction Materials
a) Jacket Material: LSZH
b) Jacket Color: Aqua
c) Subunit Type: Gel-free
d) Non Armored: Yes
e) Core/Cladding/buffer diameter: 50 / 125 / 900 μm
Dimensions
a) Cable Diameter: 6.07 mm (0.24 in)
b) Cable Weight: 34 kg/km
Physical Specifications
a) Minimum Bend Radius, loaded: 9.1 cm
b) Minimum Bend Radius, unloaded: 6.1 cm
c) Tensile Load, long term, Max: 200 N
d) Tensile Load, short term, Max: 667 N
e) Vertical Rise, Max: 500 m
Environmental Specifications
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a) Environmental Space: Low Smoke Zero Halogen (LSZH) and Riser
b) Installation Temperature: -30 degree Celsius to +60 degree Celsius
c) Operating Temperature: -40 degree Celsius to +70 degree Celsius
d) Storage Temperature: -40 degree Celsius to +70 degree Celsius
Mechanical Test Specifications
a) Compression: 10 N/mm (as per IEC 60794-1 E3)
b) Flex: 100 Cycles (as per IEC 60794-1 E6)
c) Impact: 5.88 N-m (as per IEC 60794-1 E4)
Optical Specifications
Attenuation, Maximum
a) 1.00 dB/km @ 1300 nm
b) 3.00 dB/km @ 850 nm
Index of Refraction
a) 1.479 @ 1300 nm
b) 1.483 @ 850 nm
1 Gbps Ethernet Distance
a) 600 m @ 1300 nm
b) 1020 m @ 850 nm
10 Gbps Ethernet Distance
a) 300 m @ 850 nm
Bandwidth, Laser, Min.
a) 500 MHz-km @ 1300 nm
b) 2000 MHz-km @ 850 nm
Bandwidth, OFL, min.
a) 500 MHz-km @ 1300 nm
b) 1500 MHz-km @ 850 nm

Table 3. Specification for CAT 6 LSZH U/UTP Cable
Standard Compliance
ISO/IEC 11801
EN 50173 Part 1 through Part5: 2010 and 2011
ANSI/ TIA 568C.2
IEC 60603-7-4
IEEE 802.3 applications
The Category 6/ Class E UTP system support the following IEEE Ethernet applications
802.3e - 1BASE5
802.3i - 10BASE-T
802.3u - 100BASE-TX, 100BASE-T4
802.3y - 100BASE-T2
802.3z - 1000BASE-X
8023ab - 1000BASE-T
802.af - Power Over Ethernet (15.4W)
802.3at - Power Over Ethernet Enhancements (25.5W)
802.3az - Energy Efficient Ethernet
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Channel Performance
It is critical that guaranteed worst-case values are provided to ensure the SCS can support 1G
transmission without risk. The Category 6 UTP SCS, when configured as a worst-case 100 metre
channel is provide performance headroom over limits specified by Cat6. The Delay Skew on the
100 meter channel is 30 ns. The SCS must be tested by an ISP 17025 accredited 3rd Party test
facility to EIA/TIA 568C, ISO/IEC 11801 and for the channel SCS is support patch cord lengths
of 1 meter minimum and equipment cords of 1 meter minimum. The Category 6 system support
channels that are shorter than 15 meters for 2,3,4 connector channels without any minimum
length requirements.
The cable consists of Eight 23 AWG copper conductors. The weight of the cable box of 1000
Feet is approx 25.6 lbs. The nominal Jacket thickness is 0.022 inches, the nominal outside
diameter is 0.232 inches and the cable supports the installation temperature: 0 to 60 0 C. It
support Operating temperature of -20 to 60 0 C

Specification for CAT 6 Jack Panel
The ganged adapter style patch panel is utilizing increments of six RJ-45 style jacks in a
common moulded component. The patch panel type is compliant with IEC 60603-7-4. The
ganged adapters have RJ45 jack in the front and Insulation Displacement Connector (IDC) at the
rear of the module.
The panel capable of supporting an upgrade to an intelligent system without any interruption to
service due to patch cord removal or terminal block re-termination. The upgrade to an intelligent
system shall be performed through the addition of an overlay panel that does not require tools for
installation. Termination managers are provided with the panel. These termination managers
provide proper pair positioning, control, and strain relief features to the rear termination area of
the panel.

Specification for CAT 6 LSZH U/UTP RJ45 Patch Cords
Patch Cords is equipped with 8-pin modular plugs on each end. All cords are round, and consist
of copper conductors, tightly twisted into individual pairs. Nominal cordage diameter is not
exceed 5.92 mm. Plugs is designed with an anti-snag latch to facilitate easy removal during
move, add and change processes. The cordage is available in Plenum, Non-Plenum and LowSmoke, Zero Halogen (LSZH) compatibility.

24/48 Fiber Joint Enclosure (IP 68 Rated)
Consist a butt type enclosure with a dome and base. The Cable entries from the cable ports
located in the base. The dome and base is sealed using a clamp with O-ring system. The cable
entry ports is sealed mechanically and using gel sealing technology instead of heath shrink.
General Specifications
a) IP68 Rated
b) No. of Splice trays: 6 nos.
c) Splice Tray Capacity: 24 Fibers
d) No. of cable entry ports: 4 round ports and 1 oval port.
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Active Components
Firewall with Unified Threat Management (UTM)
The UTM solution is Hardware based, reliable, security appliance with hardened operating
system that eliminates the security risks associated with general-purpose operating systems have
minimum 6 x 10G supporting SFP+ interfaces & 8 x 1G BaseT RJ45 ports to cater to
connectivity. The Firewall have ultra-low latency (~ < 5 micro seconds). The Firewall support
IPSEC & SSL VPN, inbound and outbound both. The Firewall is able to handle very high
concurrent sessions like 20 Million or above and at least 400,000 of new sessions per second.
The solution have integrated IPS module with at least 10Gbps of throughput for deep pack
inspection of traffic and also able to inspect encrypted SSL traffic. The solution have at least 5
Gbps of Threat Protection throughput and the so that the entire traffic is scanned before reaching
the end user. The antivirus engine able to inspect the encrypted traffic like HTTPS, SMTPS,
POP3s , IMAPs, FTPs etc.
The Firewall & IPSEC VPN module belong to product family which minimally attain Internet
Computer Security Association (ICSA) Certification or equivalent.
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Fig.1. LAN Networking & CCTV Circuit of Building 1

CCTV & Surveillance System
The Entire surveillance system is designed to control and monitors the different area. All the
buildings have IP Based Dome and Bullet Camera indoor type and PTZ Cameras for outdoor
surveillance. The indoor Dome Cameras and Bullet Cameras are installed at all Entry & Exit
Points in Ground floor. And in other Floors these cameras are fixed in corridors, Lift Lobby &
staircase entrances. As shown in fig3.
All the outdoor cameras is IP 66 Housing and Junction box, power supply unit, media converter
etc. are in dust proof housing The existing LAN network switches are used for CCTV
connectivity and connected to central CCTV server & cameras have POE connectivity ports.
The power supply to LAN switches is on UPS. The wiring inside the building with CAT 6 cable
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in PVC conduit and armoured fiber Optic Cable and Outdoor connectivity is under ground in
HDPE pipes with suitable manholes for proper maintenance of the system. PTZ cameras are
placed on roof top and Street light Poles in external areas. The video management server has
minimum 30 days storing capacity.

Camera Specifications
Table 4. ONVIF Conformant UL Listed Infrared Dome Camera
Camera Characteristics
Description
Overview
The camera is capable of resolutions of 2560x1920 @ 30 fPS
Sensor Type
Total sensor pixels
Dynamic Range
Lens/Iris
Illumination
Shutter speed

1/2.8-inch CMOS
2048 X 1536 (3MP)
120 dB
Varifocal 3 to 10 mm, F1.5 – 360, IR corrected
28° - 117° (horizontal) 20° - 61° (vertical)
64° to 113° (diagonal)
1/5 sec. to 1/32,000 sec

Table 5. ONVIF Conformant UL Listed Infrared Bullet Camera
Camera Characteristics
Description
Overview
The camera is capable of resolutions up to 2592x1944 @ 30 fPS.
Sensor Type
Resolution
Dynamic Range
Lens/Iris
Illumination
Field of View
Shutter speed

1/2.9-inch CMOS
2592x1944 @ 15 fPS & 1080x1920 @30fps with H.264/H.265
120 dB
Varifocal 2.8 to 12 mm, DC Iris F1.3 - 360
Color mode: 0.04 lux @ F 1.3
Black-and-white mode: .001@ f 1.3
45° to 84° (horizontal) 34° to 62° (vertical)
64° to 113° (diagonal)
Fixed (1/30 [1/25] to 1/15000)

Table 6. ONVIF Conformant UL Listed PTZ Outdoor Camera
Camera Characteristics
Description
Image Sensor
The camera is provide a 1/2.8-in. type progressive scan CMOS
Max Resolution
Lens Type

1920x1080 (2.1MP) The camera offer 1080p60fps resolution for
capturing fast motion.
30x Optical Zoom, Auto Focus, Digital Zoom 16X

Focal length
WDR Technology

4.3 mm - 129 mm
WDR Pro, True WDR or Better ,80DB

Field of View
Pan Speed

2.4° - 60.9°
Pan: 240°/s,

Pan Range
Tilt Speed
Tilt Range
Video Compression

360°
Tilt: 160°/s
220° (-110° ~ +110°)
H.264, H.265 & MJPEG
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Conclusions
This paper, considering the practical situation, gives the proper description of all necessary
instruments used in electrical wiring, Telephone wiring, LAN networking and CCTV
surveillance system of a six floor hospital building. This survey has confirmed the social
tendency of the need for security and safety, installation of CCTV as a modern
technique of security, especially in hospital premises. We can suppose that the modern
technology of safety and security has an intercultural characteristic because of the relative
neutrality and universality of it. In this paper, we analyzed the current situation with and
existing architectures for LAN security by considering the specification of instruments
and malware software used and further working on the security of the LAN networking
system for further enhancement of current modal used in hospital building.
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Abstract
The aim of the current research was to develop a polyvinylidene fluoride membrane by phase
inversion method with incorporating an inorganic nanoparticle. Here we described silane
coupling functionalization of a hard nanoparticle, Silicon carbide which is good to use as filler
material for nanocomposite and achieved uniform dispersion of the nanoparticle into the
solvent. To know more about the membrane morphology and physicochemical properties
FESEM, AFM, FTIR, XRD, tensile test were utilized as characterization technique. From the
TGA analysis, it is derivable that leaching out of nanoparticle from the polymer matrix has not
occurred, and members are relatively stable in higher temperature.

Keywords
Phase inversion; Polyvinyledene fluoride; Nanocomposite; Functionalised Silicon carbide

Introduction
In the last decades membrane separation technology has gained the predominant role in fields
such as waste water treatment, food industry, biomedical for its relatively low-cost process and
ease of fabrication, besides the advantage of operating at low temperature [1]. So researchers
elucidate the idea to development of membrane material for its commercial implementation [2].
Among many organic polymer materials, Poly(vinylidene ﬂuoride) (PVDF) is a promising
material due to its chemical and aging resistance, thermal stability and optimal film-forming
properties [3]. Most of the membrane technologist focuses on reducing membrane
hydrophobicity for permeability enhancement and fouling control. But there is a wide demand of
hydrophobic membrane also for alcohol separation form bi-phase mixture, oil separation from
oil-rich emulsion and as well as several novel separation processes i.e. osmotic evaporation,
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pervaporation, membrane distillation, gas separation. Thus, the idea is to render a more
hydrophobic membrane with controlled pore size is focused. In our work, functionalized amineSiC (SiC-NH2) nanoparticles were introduced in PVDF membrane matrix to enhance membrane
property and the main efforts was to get optimum results by incorporating all the inevitable
property in the same membrane. Functionalization of SiC nanoparticles was performed by an
oxidation step, followed by reaction with silane coupling agent. The effect of functionalization of
nanoparticles was characterized through field emission scanning electron microscopy (FESEM),
Fourier transform infrared spectroscopy (FTIR), X-ray Powder Diffraction (XRD) and compared
to non-functionalized SiC nanoparticles. And after incorporating the raw and functionalized
silicon carbide(f-SiC); PVDF/SiC and PVDF/SiC-NH2 membrane were fabricated through phase
inversion method. Morphology and nature of membranes was characterized and compared
through a variety of technique FTIR, XRD, and FESEM, atomic force microscopy (AFM). The
response of the derived membranes in different thermal temperature was also investigated by
thermogravimetric analysis (TGA).

Materials and Methods
Silicon carbide (SiC,beta phase,95%) was received from Alfa Aesar, 3Aminopropyl(diethoxy)methyl silane (APDEMS,97%,MW: 191.34 g/mol),Poly(vinylidene
fluoride) (PVDF, MW~ 534,000 g/mol), 1-propanol, anhydrous toluene (98%) was purchased
from Sigma-Aldrich(Germany) and used as obtained. 1-Methyl-2-pyrrolidone (NMP) solvent
with 99.13 g/mol molecular weight was procured from Merck limited.

Membrane synthesis and characterization
Synthesis of PVDF/SiC nanocomposite membrane was pursued by phase
inversion method. Composite membranes were fabricated firstly adding either raw and
functionalized SiC nanoparticles in different amount (0.5 wt%, 1.0 wt%, 1.5 wt%, 2.0
wt%) in NMP solvent under sonication for evenly dispersing. The solutions were kept
in sonication bath and left overnight to remove air bubbles and then cast on a glass
plate with a casting knife by adjusting the thickness 250 μm. After casting, membranes
were immersed in water bath (non-solvent) at room temperature for solvent nonsolvent exchange and to initiate the phase inversion process. Then composite films
were removed from the plate and kept in distilled water in order to remove residual
solvent and to preserve them for subsequent analysis. The ratios of the components in
the membranes are summarized in Table 1.
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Table 1. Composition of different casting solutions.

Membrane
Name

M1
M2
M3
M4
M5
M6
M7

Membranes Type

Solute phase (18 wt%)

NMP (wt %)

PVDF
PVDF/SiC
PVDF/SiC
PVDF/SiC-NH2
PVDF/SiC-NH2
PVDF/SiC-NH2
PVDF/SiC-NH2

PVDF (wt
%)
100
99.5
99
99.5
99
98.5
98

82
82
82
82
82
82
82

Nanoparticles
(wt %)
0
0.5
1
0.5
1
1.5
2

Morphology of the membranes was analyzed by observing the cross section structure and
topology of the top surface through field-emission scanning electron microscopy (FESEM).
Roughness and morphology of the synthesized membrane were investigated by atomic force
microscope through tapping mode and roughness parameter was obtained using Nanosurf
Easyscan 2 software. The change in hydrophilicity of membrane surface was measured by
water contact angle test, performed at room temperature on dried membranes through.
Crystallization and phase present in the membranes was assessed by XRD. Thermogravimetric
analysis (TGA) using heating rate of 20◦C/ min. Furthermore, mechanical strength test was also
performed using universal testing machine. Porosity of the membrane is defined as the ratio
between volumes of pores and total volume of the membrane. The overall porosity (ε) was
calculated by using dry-wet method through the following equation:

where
and
constitute the weight of wet and dry membrane, respectively;
density of deionized water and
is the density of pure PVDF polymer.
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is the

Results and Discussion

(a)

(b)

Fig.1. (a) Tensile strength analysis of different membrane; (b)TGA curve for different membrane.

From the above-given data, it is highly observable that after incorporation the functionalized
nanoparticle and as well as pure nanoparticle, membrane properties are highly affected. Hence
morphological properties as well as membrane porosity, pore size also enhanced after
modification. A rapid increase in contact angle from 67° to 98° also offers this membrane as a
promising material for separation of several low surface tension material and organic solvents.

Conclusions
In this work, we made an effort to prepare a novel membrane by not only increasing its
hydrophobicity but also incorporating the good pore size for having higher flux and controlled
rejection owing to the fact that membrane can be applied vastly in several separation processes
i.e. membrane distillation, gas separation, pervaporation, etc.
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Abstract
The main aim of the research work is to develop a MATLAB based Simulation model for
analyzing 3- phase symmetrical and unsymmetrical faults. Generally these faults are occurred in
the long transmission line system such as single line to ground fault (L-G), double line to ground
(2L-G), triple line to ground fault (3LG) and Line to line fault (L-L). Fault analysis for different
sorts of faults has been done and it impacts are appeared in simulation output e.g. voltage,
current. This research approaches to the MATLAB software in which transmission line modal is
simulated.

Keywords
Line to line fault, Line to ground fault, Double line to ground fault, symmetrical and
unsymmetrical faults, MATLAB software

Introduction
When different faults occur in the system then the fault analysis helps in the determination of the
bus voltage and the line current. While dealing with the power system the term bus voltage and
the line current are very important. In the power system mainly two type of the fault occur. The
first one is the symmetrical fault and the other one is the unsymmetrical fault e.g. single line to
ground fault, line to line fault, double line to ground fault, double line fault [1]. The analysis of
transmission line fault analysis for the protection of the power system. For the protection of the
power system we use the circuit breaker and relay system as per the triple line fault. This is
because of the reason that the triple line fault is very high as compare to the other faults in the
transmission system. Therefore, by using the MATLAB software the simulation of the
transmission line fault can be easily carried out. The main purpose of the research work is to
study the general types of the fault e.g. balanced and unbalanced fault of the transmission line of
the power system [2]. This research also leads to the various parameters like voltage, currents
from simulation on those types of faults using MATLAB.
1.1.2 Unsymmetrical faults
These are very common and less severe than symmetrical faults. There are mainly three types
namely line to ground (L-G), line to line (L-L), double line to ground (L-L-G) faults. Line to
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ground faults is most common fault and 65-70% of faults are of this type. It causes the conductor
to make contact with earth or ground.15 to 20 percent of faults are the double line to ground and
causes the two conductors to make contact with the ground. Line to line faults occur when two
conductors make contact with each other mainly while swinging of lines due to winds and 5-10
percent of the faults are of this type. These are also called unbalanced faults since their
occurrence causes unbalance in the system [4]. Unbalance of the system means that that
impedance values are different in each phase causing unbalanced current to flow in the phases.
These are more difficult to analyze and are carried by per phase basis similar to three phase
balanced faults
1.1.3 Causes of electrical faults

Climate conditions: it consists of heavy amount of rain, lighting strokes, deposition of
salt on the overhead transmission line conductor, accumulation of snow or ice on the
transmission lines etc. these conditions of environment disturb the power supply and
causes the damage to the electrical equipment.

Equipment failure: electrical equipment like electrical generator, motor, transformer,
reactor, switching devices etc causes short circuit faults due to their failure of insulation
of cables, ageing, malfunctioning operations of the relay [5]. These types of failure in the
power system cause high amount of currents to flow through the equipment which results
in the future damage to the equipment.

Human errors: human errors also a reason to create the electrical faults in the system. The
errors are the selections of the improper ratings of the equipment and devices, forgetting
metallic and electrical conducting parts after switching circuits or after maintenance
while it goes in to services.

Fire due to smoke particles, ionization of air surrounding the transmission lines causes
the spark between the conductor and the insulation. The insulator loses the insulating
property due to flashover.
1.1.4 Effects of electrical faults

Over-current flow: when electrical faults occur in the system, the low impedance path is
results to flow of the fault current. A high amount of the current is drawing from the
power supply causes tripping of the relay, damaging the electrical equipment.

Danger to operating personnel: occurrence of electrical faults may cause shocks to the
individual. The probability of the shock is depending upon the amount of the currents
and voltages at the fault point and even may leads to death [5].

Equipment loss: due to high amount of current flow in the line during the faults, the
components of the electrical systems may burn which results in the loss of the electrical
equipment. Sometimes fire also produces which completely burnt the devices.
1.1.5 MATLAB software
MATLAB is a language that is developed by Mathworks. It starts in the form of a matrix
programming language where the programming for linear algebra is quite simple [6]. This
software is too advantageous because the graphical mode of representing a result is the most
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effective means of conveying the points of study. Since MATLAB is the interpreting language,
programs in this language can be easily written and modified in integrated environment.

2. Circuit and Description
The implementation of the simulation of various faults deals with simulation model made in the
MATLAB software using Sim Power System is represented in Fig. 1. The circuit consists of two
three phase sources, two three-phase transformers and a three-phase load. The rating of various
components i.e. three-phase sources, three-phase transformers, three-phase load, various lengths
of the transmission line for the simulation study should be selected carefully [3]. A discrete
powergui with sampling time Ts=3e-05s is used for the simulation study under various fault
conditions.

Fig.1. Representation of Transmission line model for fault analysis

3. Simulation Results
3.1 Under healthy system
When system is healthy i.e. no fault is occurring in any line then all the three phases
consists of sinusoidal voltage (10 kV) and sinusoidal currents (20 A) in all the three
phases. Fig. 2 and Fig. 3 shows the voltage and current waveforms of a healthy system
respectively. All the three phases are balanced.
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Fig.2. voltage waveform

Fig. 3. current waveform

3.2 Effect of Symmetrical Fault on Voltage and Current (Load Side)
3.2.1 Triple line fault
Fig. 4 and Fig. 5 shows the voltage waveforms and current waveforms of a system when there is
a triple line fault occurring in the network. These figures shows that at the time when fault occur
at 0.0166 sec, the voltages of all the phases are suddenly drop down to zero and current in the
system rise huge with a spike of 43A. When the fault is cleared at 0.15 sec, then the system
becomes stable and both the voltage and the currents reach to the initial values.
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Fig.4. Voltage waveforms

Fig. 5. Current waveforms

3.3 Effect of Unsymmetrical Faults on Voltage and Current (Load Side)
3.3.1 Single line to ground fault
When single line to ground fault occurs then only voltage of one phase drop down to zero and the
other phases voltages disturbs momentarily due to disturbance in the system as shown in Fig. 6.
The current is disturbing only of that phase on which fault occur and the other phases current are
same as their initial value as shown in Fig. 7
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Fig. 6. voltage waveforms

Fig .7. current waveforms

3.3.2 Double line to ground fault
Double line to ground fault is occurred and the voltage waveforms are shown in Fig. 8
and Fig. 9 respectively. In these figures, voltage of two phases is zero and the amount of
current is increases.
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Fig. 8. voltage waveforms

Fig. 9. current waveforms

3.3.3 Line to line fault
The last fault is line to line fault and Fig. 10 shows the voltage waveform when this fault
is occurred. The voltages of the faulted phases are not drop to zero but decreases as there
is no ground. Fig. 11 shows the current waveform of line to line fault.
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Fig.10. voltage waveforms

Fig.11. currents waveform

4. Conclusions
A MATLAB based simulation study of the various types of symmetrical and unsymmetrical
faults occurring in the transmission line is carried out. The circuit breaker is used to add and
remove the effect of fault in the healthy system. The effect of various types of faults like three
phase fault, single line to ground fault, line to line fault and double line to ground faults on the
voltage and current waveforms on the load side during the fault and post fault conditions has
been simulated. This simulation study helps in verifying theoretical aspects.
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Abstract
Till the mid of twentieth century, the study of concrete subjected to multi-axial monotonic
loading was done by various researchers. Most of the literature were lacking in FE study of
loadings on plain concrete and its behaviour. In the present work, the analysis of concrete is
done using FEA software and it is analysed under compressive and tensile loading. Various
ﬁnite element studies of monotonic uniaxial and biaxial loading using concrete damaged
plasticity model have been done. The numerical results agree with literature. For predicting
failure of plain concrete under biaxial loading and to verify analytical results, Kupfer’s
criterion was used. The objective is to analyse the behaviour of plain concrete using Abaqus
(i.e. FEA software) under uniaxial loading (without confining pressure), uniaxial loading
(with confining pressure), and biaxial monotonic loading.

Keywords
Plain concrete, biaxial stress, Abaqus, concrete damage plasticity, monotonic loading .

Introduction
The growth of the nations, in terms economy and population, are at higher pace and
development demands large scale infrastructures like high rise buildings, long span bridges,
better green power alternatives like nuclear power plants, rapid transport systems, airport
runaways and other all to fulﬁl the current and future demands. The most commonly used
building materials in all these infrastructures is concrete. In different infrastructures concrete
is subjected to complicated multiaxial loading such as biaxial compression, biaxial tension
and compression, triaxial compression and tension, triaxial compression etc [1-2]. Till the
mid of twentieth century the study of concrete subjected to multi-axial monotonic loading
were done by various researchers all around the world [3-5]. But the accumulated knowledge
was not so conclusive. Unfortunately, the test data reported by various investigators deviate
from each other considerably. Furthermore, more studies were limited to test in range of
biaxial compression, and no data on the behaviour of concrete subjected to biaxial tension
were available. In 1969, Kupfer et al [6], published a journal paper which is considered as
breakthrough in the ﬁeld of concrete subjected to biaxial loading. Before this journal paper,
for the equal compression in two principal directions, the strength value ranging from 80 to
350 % of the uniaxial strength of concrete had been reported. Helmut et al, for the
experimental investigation, took concrete specimens of 200*200*50mm and put under
various combinations of bi-axial stress states. Three types of concrete with diﬀerent
unconﬁned uniaxial compressive strength were tested. Constant strain rates were maintained
and the ratio of one principal stress to another principal stress were kept constant throughout
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the test. Kupfer et al [6] showed that the strength of concrete subjected to biaxial compression
may be up to 27% higher than the uniaxial strength of concrete. For equal compression in two
principal directions the strength increase is approximately 16%. The test in the region of
combined compression and tension verify results show that the compressive stress at failure
decreases as the simultaneously acting tensile stress is increased. The strength of concrete
under biaxial tension is approximately equal to its tensile strength. Furthermore, it was shown
that at low stresses, the modulus of elasticity and Poisson’s ratio for low stresses is
independent of the applied loads. Upon studying various literature related to uniaxial and
biaxial monotonic loading on plain concrete and its behaviour, it was found that most of the
literature were lacking in FE study of loadings on plain concrete and its behaviour. In this
paper, FE analysis was carried out for four different types of loadings i.e. uniaxial
compressive loading (with and without confining pressure), uniaxial tensile loading (with and
without confining pressure), biaxial compression-compression and tension-tension loading.
The stress-strain curve for plain concrete under different loading were obtained. In
accordance with Kupfer’s failure criterion, the analytical results were verified.

Material and Methodology
Concrete damaged plasticity model
Generally, the non-linearity of concrete under compression can be modelled by approaches
based on the concept of either damage or plasticity. Plasticity is deﬁned as the unrecoverable
deformation when all the loads has been removed. Damage is generally characterised by the
reduction of elastic constants. Both the reduction of unloading stiﬀness and unrecoverable
deformation have been clearly observed in concrete compression tests[7]. The main
ingredients of the concrete damaged plasticity model are below;
1. Yield function
The yield function was proposed by Lubliner et al [8], and then modiﬁed by Lee and
Fenves [9]. It is deﬁned according to
1
𝑝𝑙
𝐹(𝜎̅, 𝜀̃𝑝𝑙 ) = 1−𝑎 [𝑞̅ − 3𝑎𝑝̅ + 𝛽(𝜀̃𝑝𝑙 )⟨𝜎̅̂⟩ − 𝛾⟨−𝜎̅̂𝑚𝑎𝑥 ⟩] − 𝜎̅̂𝐶 (𝜀̃𝐶 ) ≤ 0,
eq. 1.
Here 𝛼 𝑎𝑛𝑑 𝛾 are dimensionless material constants.
𝜎 −𝜎
𝛼 = 2𝜎𝑏0 −𝜎𝑐0
eq. 2.
𝑏0

𝑐0

Typical experimental values of the ratio

𝜎𝑏0
𝜎𝑐0

for concrete are in the range from

1.10 to 1.16, 𝛼 yielding values of between 0.08 and 0.12.
The function 𝛽 (𝜀̃ 𝑝𝑙 ) is given as
𝑝𝑙

𝛽(𝜀̃ 𝑝𝑙 ) =

̅𝑐 (𝜀̃𝐶 )
𝜎
𝑝𝑙

̅𝑡 (𝜀̃𝑡 )
𝜎

(1 − 𝛼) − (1 + 𝛼)

eq. 3.

2. Flow rule
A non-associated ﬂow rule is assumed in the CDPM. The ﬂow potential adopted in this
model is the Drucker–Prager hyperbolic function shown below
̅)
𝜕𝐺(𝜎
𝜀̇ 𝑝𝑙 = 𝜆̇ ̅
𝜕𝜎

𝐺 = √(𝜀𝜎𝑡𝑜 𝑡𝑎𝑛𝜓)2 + 𝑞̅ 2 − 𝑝̅ tan 𝜓 ,
Here σto is the uniaxial tensile stress at failure; 𝜀 is eccentricity.

eq.4
eq.5

3. Damage rule
163 J.C. Bose University of Science and Technology, YMCA, Faridabad

The scalar damaged elasticity equation is adopted, which takes the following form;
𝑒
𝜎𝑖𝑗 = (1 − 𝑑)𝐷𝑖𝑗𝑘𝑙
(𝜖𝑖𝑗 − 𝜖𝑖𝑗 𝑝 )
eq.6
𝑝
Here 𝜎𝑖𝑗 is stress tensor, 𝜖𝑖𝑗 and 𝜖𝑖𝑗 are strain tensor and plastic strain tensor respectively.
𝑒
𝐷𝑖𝑗𝑘𝑙
, is undamaged elastic matrix, 𝑑 is damage variable which characterises
degradation of the elastic stiffness.

Material Modelling
The parameters that were used for deﬁning the concrete material in the presented analysis are
the modulus of elasticity Ec, the Poisson’s ratio ν, dilation angle 𝜓,eccentricity e, ratio of
𝜎
biaxial compressive to uniaxial compressive strength 𝜎𝑏0 , Kc and the compressive and tensile
𝑐0

strength of the concrete specimen along with damage factors.

Figure 1(a)
Compressive stress vs strain

Figure 2(a)
Tensile stress vs strain

Figure1(b)
Compression damage factor vs strain

Figure 2(b)
Tension damage factor vs strain
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Table-1 CDPM Parameters
Parameter
Ec
ν
𝜓
e
𝜎𝑏0
𝜎𝑐0
Kc

Magnitude
27386
0.2
35o
0.1
1.16

Unit
N/mm2
-

0.67

-

Remark
Modulus of Elasticity
Poisson’s Ratio
Dilation angle
Eccentricity
Ratio of biaxial comp. to
uniaxial comp. strength
-

Results and Discussions
For uniaxial compressive test
The specimen was of size 490mm*490mm*100mm and material properties are defined with
the help of CDPM in available Abaqus. The roller supports were provided to simulate the
laboratory situation. The size of mesh was taken as 20mm. In uniaxial compression test
without confining pressure, displacement-controlled test was performed where one surface
was pinned joined and opposite surface was slowly displaced with automatic controlled
increments ensuring quasi static response of model. In uniaxial compression test with
confining pressure, confining pressure was in one principal direction and adjacent surface
was pushed in controlled manner to record stress- strain relationship.

Figure 3(a)
Uniaxial compression test
without confining pressure

Figure 3(b)
Uniaxial compression test
with confining pressure
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Maximum value of compressive stress, in case of uniaxial compression test without confining
pressure is obtained as 𝜎𝑐𝑚𝑎𝑥= 29.46 MPa. Stress-strain curves obtained from FE analysis for
uniaxial compressive loading without is given below;
Figure 4(a) Compressive stress vs strain curves for uniaxial compressive loading
Stress-Strain curves obtained from FE analysis for uniaxial compressive loading with
confining pressure of 2MPa, 4MPa, 8MPa, 16MPa and 20MPa are given below;

Compressive Stresses(MPa)

Unaxial Compressive Behaviour with confining pressure
40

0 MPa Confining pressure

35

2 MPa Confining Pressure

30

4 MPa Confining Pressure
8 Mpa Confining Pressure

25

16 MPa Confining Pressure

20

20 MPa Confining Pressure

15
10
5
0
0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

Strain

Figure 4(b) Compressive stress vs strain curves for uniaxial compressive loading with
confining pressure

For uniaxial tensile tests
Unaxial Compressive Behaviour without confining pressure
Compressive Stresses(MPa)

35
0 MPa Confining pressure

30
25
20
15
10
5
0
0

0.002

0.004

0.006

0.008

Strain

0.01

0.012

0.014
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Again, the specimen was of size 490mm*490mm*100mm and material properties are defined
in CDPM in abacus. The roller supports were provided to simulate the laboratory situation.
Size of mesh was taken as 10mm. In uniaxial tensile test without confining pressure,
displacement-controlled test was performed where one surface was pinned joined and
opposite surface was slowly displaced with automatic controlled increments ensuring quasi
static response of model. In uniaxial tensile test with confining pressure, confining pressure
was in one principal direction and adjacent surface was pulled in controlled manner to record
stress- strain relationship.

Figure 5(b)
Uniaxial compression test
with confining pressure

Figure 5(a)
Uniaxial tension test
without confining pressure

Maximum value of tensile stress in case of uniaxial tension test without confining pressure is
obtained as, 𝜎𝑡𝑚𝑎𝑥= = 1.78 MPa. Stress-strain curves obtained from FE analysis for uniaxial
tensile loading without confining pressure is given below:
Uniaxial Tensile Behaviour without confining pressure
Tensile Stresses (MPa)

2
1.8
1.6
1.4
1.2
1

0 MPa confining Pressure

0.8
0.6
0.4
0.2
-1E-04

0
5E-19

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0007

0.0008

Strain

Figure 6(a) Tensile stress vs strain curves for uniaxial tensile loading
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Stress-Strain curves obtained from FE analysis for uniaxial tensile loading with confining
pressure of 2MPa, 4MPa, 8MPa, 16MPa,20MPa and maximum value of compressive and
tensile stress with confining pressure of 2MPa, 4MPa, 8MPa, 16MPa, 20MPa are given
below:
2

Uniaxial Tensile Behaviour with confining pressure

Tensile Stresses (MPa)

1.8
1.6

0 MPa confining Pressure

1.4

2 MPa confining pressure

1.2

4 MPa Confining pressure

1
0.8

8 MPa confining Pressure

0.6

-0.0002

0.4

16 MPa confining Pressure

0.2

20 MPa Confinig Pressure

0
1E-18

0.0002

0.0004

0.0006

0.0008

Strain

Figure 6(b) Tensile stress vs strain curves for uniaxial tensile loading with confining pressure
Table-2 Maximum value of compressive and tensile stress for uniaxial loading with confining
pressure
Confining Pressure (MPa)
𝜎𝑐𝑚𝑎𝑥 (MPa)
𝜎𝑡𝑚𝑎𝑥 (MPa)

0
29.46
1.78

2
29.85
1.62

4
30.23
1.39

8
31.61
0.89

16
34.42
0.85

20
36.29
0.82

Biaxial compression-compression test
The specimen was of size 490mm*490mm*100mm and material properties are defined in
CDPM in abacus. The roller supports were provided to simulate the laboratory situation. In
this test two adjacent surface were pushed together in a controlled manner in order to obtain
stress-strain curves. Mesh size used in this case is 20mm. Both surfaces were pushed in such
a manner that total displacement of each surface is same and auto incrementation ensures
quasi static response of model. Stress-strain relationship for biaxial compression-compression
test obtained are given below and maximum value of stress is 𝜎𝑐𝑚𝑎𝑥 =33.82MPa.
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Compressive Stress (MPa)
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Figure 7(b)
Stress-strain relationship for biaxial
compression-compression

Figure 7(a)
Biaxial compression-compression test

Here S11, S22 are stress in X and Y direction and E11 and E22 are strain in X and Y
direction respectively.

Biaxial tension-tension test
Again, the specimen was of size 490mm*490mm*100mm and material properties are defined
in CDPM in abacus. The roller supports were provided to simulate the laboratory situation.

Tensile Stresses (MPa)

Biaxial Tension-Tension Behaviour
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0.001

0.0015
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Figure 8(a)
Biaxial tension-tension test

Figure 8(b)
Stress-strain relationship for biaxial
tension-tension

In this test two adjacent surface were pushed
together in a controlled manner in order to obtain stress-strain curves. Mesh size used in this
case is 10mm. Stress-strain relationship for biaxial tension-tension test obtained are given
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𝜎𝑡𝑚𝑎𝑥 = 1.61 MPa. Here S11, S22 are stress in X and Y direction and E11 and E22 are strain
in X and Y direction respectively.

Conclusion
Conclusion is based on the plots that are shown in finite element modelling and analysis as
follows:
1. In uniaxial compression test, compressive strength of concrete decreases with increase in
strain after the peak, representing strain softening behaviour of concrete.
2. In uniaxial compression test with confining pressure, maximum compressive strength of
concrete increases with increase in confinement pressure.
3. In uniaxial tension test, tensile strength of concrete decreases in the post peak region.
4. In uniaxial tension test with confining pressure, tensile strength of concrete decreases
with increase in confinement pressure.
5. In biaxial compression-compression test, plot of stress-strain in both directions overlap
each other and an increase from 12-16% in uniaxial compressive strength of concrete.
6. In biaxial tension-tension test, plot of stress-strain in both directions overlap each other
and no appreciable amount of change in tensile strength of concrete is seen.
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Abstract
Friction stir welding (FSW) is a solid-state welding process which is indeed a clean, environment
friendly and sustainable joining process. In this paper an attempt has been made to systematically
demonstrate the use of an effective multiple criteria decision-making technique, i.e. fuzzy
technique for order of preference by similarity to ideal solution (TOPSIS) in ranking the input
parameters of FSW with regard to the minimization of defect formation during dissimilar
aluminium alloys joining. A questionnaire is specially designed and served to the FSW experts
to collect their opinion on the importance of several FSW parameters in minimizing the defect
formation. Subsequently, Fuzzy TOPSIS multiple criteria decision-making technique is used to
prioritize the FSW parameters. Results reveal that among several FSW parameters welding
speed, rotational speed, shoulder diameter and plunge depth are the critical parameters for
minimizing the defect formation specially during dissimilar aluminium joining. The study
presented in this paper will help FSW researchers and practioners in taking decision for selecting
adequate FSW parameters so that chances of defect formation are less.

Keywords: Cleaner fabrication process; Friction stir welding; Defects; Fuzzy TOPSIS;
Prioritization.

Introduction
Welding is an important fabrication process for producing complex shaped components. Fusion
welding processes are generally used for joining parts in manufacturing and fabrication
industries. Harmful gases and fumes are released during fusion welding processes which
adversely affect the environment. Moreover, common fusion welding processes melt part of
materials being joined which is subsequently resolidified. This melting and resolidification
involves significant loss of energy and material’s strength too. Being an effective solid-state
welding process, friction stir welding (FSW) joins base materials without melting them. It does
not require any consumable (filler material, fluxes and shielding gas etc.), no harmful gasses are
produced during this process and therefore, it is considered to be an energy efficient,
environment friendly and clean material joining process [1]. FSW plays a vital role in the area of
cleaner production as it is far less invasive to the environment than to even best conventional
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welding processes. FSW minimizes negative environmental impacts and also it is economically
sound. Owing to such qualities, FSW has been transpired as a clean welding process for joining
different materials. Dissimilar aluminium alloys can be easily welded by FSW which are
otherwise difficult to be welded by conventional technique [2]. FSW has emerged as a process of
choice for joining aerospace grade aluminum alloys that are difficult to be welded by fusion
welding processes. Shipbuilding, aerospace, automobile and many industrial sectors have been
using FSW for manufacturing parts and components [3]. Defects such as porosity, hot-cracking,
hydrogen embrittlement, undesirable solidification microstructures etc. which generally occur in
fusion welding process do not occur in Whoever, defects such as voids, cracks, tunneling,
kissing-bonds (KB), incomplete root penetration, and joint line remnant etc. Are observed during
FSW which adversely affect the joint quality. Amount of heat generation and material mixing is
affected by FSW parameters and may result in defected joints if parameters are not selected
properly. Defect formation is more prominent in FSW of dissimilar alloys due to difference in
the physical, chemical, thermal and metallurgical properties of the materials being joined.
Sustainability and environmental friendliness of FSW is degraded due to formation of defects as
the energy used for making joints goes waste. Thus, it is essential to minimize the formation of
defects for making FSW as a clean and sustainable joining process.
W. M. Thomas invented FSW process in The Welding Institute (TWI), Cambridge in 1991. It
can join different combination of aluminium alloys effectively [4]. FSW is accomplished by
plunging the non-consumable rotating tool into the joint line till the shoulder touches the surface
of the BM and traverse in welding direction to complete the joint as shown in Fig. 1. FSW
process uses frictional heat to assist in moving the material around the tool [5].

Fig.1. Schematic diagram of Friction stir welding process [1]
A detailed study of FSW parameters which are indeed, critical to success of this novel
environmental friendly joining process is required to minimize the defects. Henceforth, the FSW
parameters would be referred to as critical success factors (CSFs). Effect of FSW parameters on
the formation of defects is investigated by several researchers. Khodir and Shibayanagi [6]
studied the formation of kissing bond (KB) defect during dissimilar FSW of aluminum alloys
and found that welding/traverse speed significantly affected the formation of KB. Nakata et al.
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[7] investigated the effect of FSW parameters on defect formation and their results revealed that
slow rotational speed and inadequate tool plunge depth result in defect formation.
Khan et al. [8] studied the formation of defect during FSW of dissimilar aluminium alloys and
reported that insufficient plunge depth and inappropriate tool offset result in the occurrence of
defects leading to degradation of the joint strength. To understand the effect of FSW parameters
on the formation of discontinuities/defects is very critical. Available literature reveals that most
of the researchers have concentrated their investigations on a limited number of FSW parameters
rather than considering all important parameters in their studies [9, 10] primarily to conserve
resources and efforts. However, all FSW parameters can be considered simultaneously in the
analysis and decision about their importance with regard to defect formation can be made by
using an appropriate Multi-Criteria Decision Making (MCDM) method. MCDM methods are
known to solve problems which involve interpretation of a finite number of alternatives for the
finite number of specified criteria by single or multiple decision makers [11]. The most
commonly used MCDM technique to solve real world problems is Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS). It is being used by the manufacturers and
researchers for taking decisions regarding many problems. Chakladar and Chakraborty [12]
selected the non-traditional machining processes by applying the combined TOPSIS and AHP
method. A parametric optimization can also be done by using TOPSIS. Senthil et al. [13]
optimized the parameters of Electro Discharge Machining (EDM) by applying TOPSIS method.
When performance measure is vague or imprecise, then Fuzzy MCDM technique is preferred
[14]. Jafarian and Vahdat [15] investigated the selection of appropriate welding process for
manufacturing of high pressure vessel by using Fuzzy MCDM technique and found that Gas
tungsten and Plasma arc welding are the most appropriate welding process while Oxy fuel gas
and Submerged arc welding are the least appropriate welding process for the manufacturing of
high pressure vessels. Torfi et al. [16] used Fuzzy AHP for relative weights calculation and
determined the rank of alternatives by Fuzzy TOPSIS. Mirhedayatian et al. [17] ranked different
welding processes for repairing engine block by applying combined Fuzzy data envelopment
analysis (DEA) and TOPSIS with regard to the capital cost and operator factors and they found
that SMAW requires least amount of capital cost and operator factor. On comparing crisp and
fuzzy approaches, Kulak and Kahraman [18] concluded that those decision data which
incorporates incomplete, unquantifiable and non-obtainable information can only be solved by
using fuzzy model in the decision analysis. Hence, it can be observed from the literature review
that in the event of difference in the subjective nature of decision makers and vagueness involved
in decision making, application of Fuzzy set theory with MCDM techniques can produce more
accurate results. Fuzzy-MCDM (FMCDM) techniques can resolve the problem of prioritizing the
process parameters of the clean FSW process. So far Taguchi method and optimization
techniques have been utilized to find out the most influential FSW process parameters for joining
aluminum alloys [19]. However, most of the studies have considered only few FSW parameters.
FSW involves a large number of parameters that may lead to defect formation. One should know
the relative importance of these parameters in respect of defect formation. Thus, this problem can
easily be solved by applying FMCDM technique such as i.e. Fuzzy TOPSIS.
The main aim of this research is to understand and prioritize all possible process parameters or
CSFs of FSW which can generate discontinuities/defects in dissimilar FSW of aluminum alloys.
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The identification and ranking of these parameters will help the experimenter and the
manufacturers in selecting the most prominent FSW parameters for minimizing the
discontinuities.
The specific objectives of this study are:
 To develop better understanding of the FSW process.
 To understand various MCDM techniques particularly Fuzzy TOPSIS.
 To identify various FSW CSFs through literature survey and discussion with the experts.
 To understand and analyze the effect of FSW factors on defect formation.
 To prioritize the CSFs of FSW with regard to defect formation during dissimilar FSW of
aluminum alloys using Fuzzy TOPSIS.

Identification of Critical Success Factors
From the literature available on FSW of dissimilar aluminum alloy and experts’ opinion, 11
CSFs of FSW such as tool material, shoulder diameter, pin diameter, pin length, shoulder profile,
pin profile, rotational speed, traverse speed, tilt angle, pin offset, plunge depth were identified
and explained in the subsequent sections.
Questionnaire was designed and served to the experts to obtain their opinion related to the
importance of the CSFs of FSW, with regard to the minimization of discontinuities. A judgment
matrix was made from the expert’s responses which were used for the application of Fuzzy
TOPSIS for ranking of CSFs in FSW of dissimilar aluminum alloys.

Tool Material
FSW tool is subjected to high heat and stress during plunging into the BM and traversing in the
welding direction. Desirable properties of FSW tool required for successful welding include hot
hardness, strength, toughness, wear resistance etc. and these properties depends on the tool
material [20, 21]. Therefore, the choice of the tool material is extremely critical for successful
joining of BM and it depends on the size and type of the material to be welded. For joining high
strength and/or thick aluminium alloys, FSW tool may be more prone wear and deformation
which degrade the joint quality if the tool material is not properly selected. However, for joining
dissimilar aluminium alloys, steel tools are generally used with optimized tool geometry [22-24].

Shoulder Diameter
Friction heat and plastic deformation softens the BM being welded. However, friction between
tool shoulder and BM contributes the major portion of the heat input. Therefore, tool shoulder
diameter should be carefully selected for generating adequate heat input during welding in order
to obtain defect free joints. Also, shoulder diameter affects the forging action and restricts the
softened material from expelling out of the stir zone [25]. Larger shoulder diameter enhances
tool/BM contact area which in turn increases the frictional heat and vice-versa. Heat generation
and amount of material movement under the shoulder largely depends on the tool shoulder
diameter which controls the flow stresses during material mixing. Larger shoulder diameter
generates high heat input which degrades the joint strength due to the formation of inter-metallic
compound and dissolution and coarsening of strengthening precipitates. While smaller shoulder
diameter generates insufficient heat required for proper mixing of the BM and thereby again
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degrades the joint strength. Therefore, optimum shoulder diameter needs to be selected for
providing adequate heat input leading to the formation of sound joints.

Pin Diameter
In FSW, relative effect of pin diameter and pin profile mainly governs the material movement.
Amount of flowing material and size of stir zone varies with the tool pin diameter. Khan et al.
[26] investigated the role of tool shoulder to pin diameter ratio on the tensile of friction stir
welded AA 6063. They revealed that this ratio significantly affects the joint strength and
therefore, it should be properly selected for efficient joining.

Pin Length
Appropriate selection of pin length is the key for producing acceptable quality joints. Value of
pin length coupled with plunge depth is important for optimum insertion of pin into the abutting
BMs. Deficient pin length may cause material unstirred at the bottom of the joint which leads to
the joint line remnant and lack of penetration. On the other hand, larger pin length may lead to
sticking of the backing plate at the bottom of the joint which degrades the joint quality.
Therefore, optimum value of pin length is important for obtaining sound joints. Researchers
selected pin length based on their experience and trials and no study is found in literature for
investigating the effect of pin length on the joint quality.

Shoulder Profile
FSW shoulder profile affects the amount of material deformation and material movement by
producing adequate stirring effect and aiding in special movement patterns. Tool shoulder
generates heat due to friction which is necessary for softening the BM being welded. Different
shoulder profiles are being used in FSW such as flat, concave, convex, scrolled, concentric circle
etc. Based upon the requirement, different shoulder profiles are used for serving different
actions. Flats shoulders are simple in design and easy to make. Flats shoulders are used where
intense stirring and mixing is not required. Concave shoulders are designed to restrict the stirred
material within shoulder to minimize flash formation. Concave tool shoulder traps the flowing
material under tool shoulder which results in better consolidation of flowing material. Scrolled
and concentric type shoulders are designed to enhance degree of material stirring for proper
mixing of the BMs to improve joint properties. Shoulder profile need to be properly selected for
adequate material movement with minimum flash formation.

Pin Profile
Pin profile decides the sticking and slipping of the flowing material in stir zone. Pin profile helps
in flowing of the softened material and properly mixing of the flowing material to complete the
joint [20, 27, 28]. In FSW, various pin profiles are being used such as cylindrical, tapered,
square, triangular, tri-flute, cam etc. Each pin profile serves different functions in terms of
material movement. Inappropriate pin profile causes inadequate material movement leading to
the formation of joint line remnant and kissing bond defect. Appropriate pin profile results in
adequate material mixing leading to defect free joints.

Rotational Speed
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Rotational speed affects the heat input and material deformation which is required for proper
stirring and mixing of the BM for producing good quality joint. Insufficient heat is generated at
lower rotational speed which results in inadequate material movement leading to degradation in
the joint quality. On the other hand, higher rotational speed generates more heat which may
result in precipitate dissolution (in case of age hardenable alloy) and grain growth. Therefore,
optimum rotational speed must be selected for defect free joints with good post welding
mechanical properties.

Traverse Speed
Welding speed affects the distribution of generated heat during welding. Higher welding speed
decreases the heat input and vice versa. Higher traverse speed increases flow stress and result in
improper material mixing and tool wear. Higher welding speed hinders the consolidation of the
plasticized material leading to the formation of tunneling defect. The size of defects increases
with increase in the welding speed [29].

Tilt Angle
Tilt angle controls the gripping on the stirred material by the tool shoulder. Tilting the tool
towards the trailing side effects the material movement under the shoulder and consolidation of
the flowing material. Tolephih et al. [30] studied the effect of tilt angle on friction sir welded AlCu joint. They found that the tool tilted with 2 showed higher tensile compared to zero tilt angle
as tilted tool provided good materials stirring. However, tool tilting with larger angle causes
thinning of the weld region leading to heavy flash formation and reduction in joint strength.

Pin Offset
Tool pin offset affect the material mixing and distribution of heat input and its selection depends
on the properties of the BMs [8]. In FSW of dissimilar aluminium alloys, stronger material
requires larger heat to soften as compared to weaker material. At fixed parameter combination,
heat input required for softening weaker alloy may not be sufficient to soften stronger alloy.
Joints produced with tool axis on the joint line result in equal heat distribution in the BMs which
is not desirable. An appropriate amount of tool offset is required for providing heat balance
between the BMs. Heat balance between BMs causes balance of flow stresses between AS and
RS resulting in effective material flow. Dissimilar material joining by FSW at zero pin offset
results in poor joint strength [31]. Song et al. [28] studied the mechanical properties of friction
stir butt welded titanium with aluminum alloys at different pin offset. They found that relatively
high tensile and fracture strength of the weld can be produced by selecting a proper range of pin
offset. Improper selection of pin offset values may cause tunneling defect and joint line remnant.

Plunge Depth
The consolidation of moving material is affected by the plunge depth by controlling the forging
action of the tool. Higher plunge depth results in large heat input and vice-versa. Lower plunge
depth causes defects formation due to inadequate material flow and improper consolidation of
the plasticized material. Higher plunge depth causes formation of inter-metallic compounds and
coarsening of strengthening precipitates due to overheating which also degrade the joint strength.
Therefore, appropriate plunge depth is required for producing sound weld with excellent joint
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strength [32, 33]. Inadequate axial pressure and insufficient forging associated with improper
plunge depth may lead to tunneling defect which severely affect the joint strength. Variation in
the plunge depth affects the size and shape of the defect formed due to inadequate material
movement.
A list of FSW parameters used by different researchers during joining of dissimilar aluminum
alloys is given in Table 1.
Table 1. FSW parameters with their references
FSW Parameters
References
Tool material
Shoulder Diameter
Pin Diameter
Pin length
Shoulder profile
Pin profile
Rotational Speed
Welding Speed
Tilt Angle
Pin offset
Plunge Depth

[4, 20, 22-24]
[4]
[26]
Not Available
[34]
[20, 27, 28, 35]
[4]
[29]
[30]
[20, 28, 36]
[33]

Fuzzy Topsis Methodology
TOPSIS method is proposed by Hwang and Yoon [37] for solving MCDM problems. This
method ranks the listed alternatives, keeping in view the decision criteria which can affect the
desired goal. For this purpose, all alternatives are evaluated in terms of their distances from
Positive Ideal Solution (PIS) and the Negative Ideal Solution (NIS). The ranking of alternative is
done on the basis of closeness to the PIS and distance from the NIS. Since the distance values lie
between 1 and 0, PIS and NIS are chosen as 1 and 0 respectively. One disadvantage of using
TOPSIS method is that it considers only crisp data which is inadequate for practical situation
since the human judgment is subjective in nature and there exists vagueness which can affect the
final result. However, this disadvantage can be overcome by using Fuzzy set theory introduced
by Zadeh [38] which deals with the fuzzy sets representing continuum data or grades each of
which is characterized by membership function which lies between zero and one. On comparing
Fuzzy TOPSIS (F-TOPSIS) with other popular Fuzzy-MCDM techniques it is found that [3941]:
 It produces consistency in order when a new criterion or alternative is added.
 For large number of alternatives, F-TOPSIS produces better result.
 There is no limit in selecting the number of alternatives and criteria in F-TOPSIS method.
 The questionnaire involved in F-TOPSIS is simple and concise since it does not include any
pair-wise comparison or interaction.
In this study, F-TOPSIS technique introduced by Chen [42] has been used to prioritize the FSW
parameters affecting the discontinuities formed during welding of dissimilar aluminum alloys.
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The very first step in applying F-TOPSIS is to collect data, reflecting opinion of the experts, in
terms of linguistic variables such as high (H), fairly high (FH), medium (M), fairly low (FL), low
(L) etc. For this purpose, a questionnaire was specially designed which consisted of questions
related to 11 parameters of the FSW. Questionnaires were served to 5 FSW experts who were
having in-depth knowledge of the FSW process. Each expert gave rating of each of the FSW
parameter on a 5-point linguistic scale. The equivalent fuzzy set of each linguistic variable was
obtained using triangular fuzzy membership function (Fig. 2) which indeed represented the
triangular fuzzy number for the corresponding linguistic variables. The triangular fuzzy numbers
were selected because it involves simple calculations and it is easy to use. The linguistic terms
and the corresponding triangular fuzzy numbers are given in Table 2. On the basis of the experts’
opinion, fuzzy judgment matrix was developed and rest of the calculations were done by
following other steps of F-TOPSIS method discussed elsewhere [43].

Fig. 2. Triangular fuzzy numbers and their membership function
Table 2. Linguistic terms with corresponding Fuzzy Triangular numbers.
Linguistic scale
High
Fairly High
Medium
Fairly Low
Low

Triangular Fuzzy Number
(0.7,0.9,1.0)
(0.5,0.7,0.9)
(0.3,0.5,0.7)
(0.1,0.3,0.5)
(0.0,0.1,0.3)

Results and Discussions
Present work evaluates the CSFs for the defects in FSW of dissimilar Al alloys using Fuzzy
TOPSIS method. Based on expert opinion and literature review, a total of eleven CSFs was
identified. Five experts (E1, E2, E3, E4 and E5) were asked to rank the identified parameters in
linguistic terms i.e. Low (L), Fairly Low (FL), Medium (M), Fairly High (FH) and High (H). The
response of the experts is given in Table 3.

178 J.C. Bose University of Science and Technology, YMCA, Faridabad

Table 3. Response from the experts
CSFs
Tool material
Shoulder diameter
Pin Diameter
Pin length
Shoulder profile
Pin profile
Rotational speed
Welding speed
Tilt angle
Pin offset
Plunge depth

E1
H
FH
H
H
FH
FH
FH
H
M
M
FH

E2
FL
FH
M
FH
H
H
H
H
FH
M
FH

E3
L
FH
FH
FH
M
FH
H
H
FH
FL
FH

E4
H
FH
H
FH
FH
H
H
H
FH
M
FH

E5
FH
FH
FH
FH
M
M
H
H
FH
L
FH

Following the steps of Fuzzy TOPSIS given above, the closeness coefficient and ranking of the
CSFs was found which is given in Table 4. The results indicate that the welding speed or
transverse speed is the most influential success factor followed by rotational speed, plunge depth,
shoulder diameter and rest of the factors in FSW of dissimilar Al alloys. It appears to be quite
logical as the welding speed affect the plastic deformation of the softened material and
consolidation of the flowing material. A slow welding speed provides sufficient time to the
softened material to move from AS to the back of the tool pin and to properly consolidate the
flowing material behind the tool pin. However, productivity can be reduced at lower welding
speed. In order to improve the productivity of the FSW process, higher welding speed should be
used. Higher welding speed results in improper mixing and consolidation of the softened
material leading to the formation of tunneling defect. Cao and Jahazi [44] reported that the
formation of kissing bond is significantly affected by the welding speed. Thus, welding speed
should be carefully selected for obtaining the sound joint with good productivity. Frictional heat
generation and material movement is affected by the rotational speed [45]. Inadequate heat input
and improper material movement hinders the material mixing leading to the defected joints.
Frictional heat between tool shoulder and BM interface accounts the major portion of heat
generated during welding. It helps in moving the material due to friction between the surface of
the material being welded and tool shoulder. Tool shoulder diameter plays important role in
preventing the softened material from expelling out of the stir zone. Too large shoulder diameter
may cause nugget collapsing and degrade the joint strength while too small shoulder diameter
may not move the material properly and causes joint line remnant defect. Plunge depth, an
important FSW parameter, controls the axial pressure to properly consolidate the material behind
the tool [8]. Large plunge depth may lead to the formation of inter-metallic compounds due to
higher heat generation. Small plunge depth causes inadequate mixing and improper consolidation
of the material which leads to the formation of various defects such as joint line remnant, kissing
bond, surface cracks, tunneling defects, etc. In order to join dissimilar aluminium alloys
effectively, the values of FSW parameters especially traverse/welding speed, tool rotational
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speed, tool shoulder diameter and plunge depth are critical and therefore, they need to be
carefully selected to minimize defect formation.
Table 4. Rank of each FSW parameters with their closeness coefficient
FSW parameters

Closeness Co-efficient

Ranking

Welding speed

0.8275

1

Rotational speed

0.7975

2

Shoulder Diameter

0.7357

3

Plunge depth

0.7357

3

Pin length

0.7077

5

Pin Diameter

0.7024

6

Pin Profile

0.7024

6

Tilt angle

0.6990

8

Shoulder profile

0.6370

9

Tool Material

0.5654

10

Pin offset

0.5405

11

Conclusions
Over past few years, FSW has gained attention of researchers and practitioners because of its
inherent characteristics such as ability to join different combination of dissimilar materials in all
possible configurations, environmental friendliness, energy efficient etc. Materials that are
difficult to be welded by fusion welding processes are now become easily welded by FSW. FSW
overcomes difficulties that are encountered in fusion welding such as hot cracking, hydrogen
embrittlement, porosity, undesirable solidification micro structure etc and produce defects free
joint. However, this process is also associated with formation of certain discontinuities such as
kissing bond, tunneling defect, joint line remnant, lack of penetration, void, surface galling etc.
which significantly affect the joint quality. Researchers have been striving to evolve FSW
mechanism which is free from such discontinuities. One possible way of getting joints free from
these discontinuities is to appropriately select the FSW process parameters. Several research
articles, other literature was reviewed and also discussions were made with the experts to
identify the various FSW parameters that significantly affect the joint quality. It has been
observed that to select appropriate range of the FSW process parameters, several trial
experimentations are required and this process consumes a lot of resources. Several MCDM
techniques are available which can be used to ascertain the relative importance (ranking) of the
FSW parameters that contribute to either minimization or elimination of the FSW discontinuities.
Application of an MCDM technique (Fuzzy TOPSIS) is focused in this study to determine the
relative importance of the FSW parameters so as to obtain sound defect free dissimilar aluminum
alloys joint. Following conclusions are drawn on the basis of results:
 FSW is a novel clean, environment friendly and sustainable joining process capable of joining
any combination of dissimilar aluminum alloys in any possible configurations.
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 During dissimilar FSW of aluminum alloys, discontinuities such as kissing bond, tunneling
defect, joint line remnant, lack of penetration, void, surface galling etc. are likely to occur due
to inappropriate selection of the parameters.
 MCDM techniques can be used to prioritize the FSW parameters so as to minimize or remove
discontinuities during dissimilar aluminum alloys joining.
 Fuzzy TOPSIS is an effective MCDM technique as it takes into consideration the vagueness
associated with the subjective judgments of the experts which might affect the result.
 Among several FSW parameters, welding speed is the most important parameter to minimize
discontinuities during followed by rotational speed, shoulder diameter, plunge depth, pin
length, pin diameter, pin profile, tilt angle, shoulder profile, tool material, pin offset.

References
[1]

N. Z. Khan, A. N. Siddiquee, A. M. Al-Ahmari, and M. H. Abidi, "Analysis of defects in
clean fabrication process of friction stir welding," Transactions of nonferrous metals
society of china, vol. 27, pp. 1507-1516, 2017.
[2] G. Çam and G. İpekoğlu, "Recent developments in joining of aluminum alloys," The
International Journal of Advanced Manufacturing Technology, vol. 91, pp. 1851-1866,
2017.
[3] L. Fratini and G. Buffa, "CDRX modelling in friction stir welding of aluminium alloys,"
International Journal of Machine Tools and Manufacture, vol. 45, pp. 1188-1194, 2005.
[4] R. S. Mishra and Z. Ma, "Friction stir welding and processing," Materials science and
engineering: R: reports, vol. 50, pp. 1-78, 2005.
[5] W. Thomas, E. Nicholas, J. Needham, M. Murch, P. Temple-Smith, and C. Dawes,
"Friction stir butt welding, International Patent Application no," PCT/GB92 Patent
application, 1991.
[6] S. A. Khodir and T. Shibayanagi, "Friction stir welding of dissimilar AA2024 and AA7075
aluminum alloys," Materials Science and Engineering: B, vol. 148, pp. 82-87, 2008.
[7] K. Nakata, Y. G. Kim, M. Ushio, T. Hashimoto, and S. Jyogan, "Weldability of high
strength aluminum alloys by friction stir welding," ISIJ international, vol. 40, pp. S15-S19,
2000.
[8] N. Z. Khan, A. N. Siddiquee, Z. A. Khan, and S. K. Shihab, "Investigations on tunneling
and kissing bond defects in FSW joints for dissimilar aluminum alloys," Journal of alloys
and Compounds, vol. 648, pp. 360-367, 2015.
[9] M. Koilraj, V. Sundareswaran, S. Vijayan, and S. K. Rao, "Friction stir welding of
dissimilar aluminum alloys AA2219 to AA5083–Optimization of process parameters using
Taguchi technique," Materials & Design, vol. 42, pp. 1-7, 2012.
[10] S. Vijayan, R. Raju, and S. K. Rao, "Multiobjective optimization of friction stir welding
process parameters on aluminum alloy AA 5083 using Taguchi-based grey relation
analysis," Materials and Manufacturing Processes, vol. 25, pp. 1206-1212, 2010.
[11] R. V. Rao, Decision making in the manufacturing environment: using graph theory and
fuzzy multiple attribute decision making methods: Springer Series in Advanced
Manufacturing, UK, 2007.

181 J.C. Bose University of Science and Technology, YMCA, Faridabad

[12] N. D. Chakladar and S. Chakraborty, "A combined TOPSIS-AHP-method-based approach
for non-traditional machining processes selection," Proceedings of the Institution of
Mechanical Engineers, Part B: Journal of Engineering Manufacture, vol. 222, pp. 16131623, 2008.
[13] P. Senthil, S. Vinodh, and A. K. Singh, "Parametric optimisation of EDM on Al-Cu/TiB2
in-situ metal matrix composites using TOPSIS method," International Journal of
Machining and Machinability of Materials, vol. 16, pp. 80-94, 2014.
[14] D. Kannan, A. B. L. de Sousa Jabbour, and C. J. C. Jabbour, "Selecting green suppliers
based on GSCM practices: Using fuzzy TOPSIS applied to a Brazilian electronics
company," European Journal of Operational Research, vol. 233, pp. 432-447, 2014.
[15] M. Jafarian and S. E. Vahdat, "A fuzzy multi-attribute approach to select the welding
process at high pressure vessel manufacturing," Journal of Manufacturing Processes, vol.
14, pp. 250-256, 2012.
[16] F. Torfi, R. Z. Farahani, and S. Rezapour, "Fuzzy AHP to determine the relative weights of
evaluation criteria and Fuzzy TOPSIS to rank the alternatives," Applied Soft Computing,
vol. 10, pp. 520-528, 2010.
[17] S. M. Mirhedayatian, S. E. Vahdat, M. J. Jelodar, and R. F. Saen, "Welding process
selection for repairing nodular cast iron engine block by integrated fuzzy data envelopment
analysis and TOPSIS approaches," Materials & Design, vol. 43, pp. 272-282, 2013.
[18] O. Kulak and C. Kahraman, "Multi-attribute comparison of advanced manufacturing
systems using fuzzy vs. crisp axiomatic design approach," International Journal of
Production Economics, vol. 95, pp. 415-424, 2005.
[19] A. Lakshminarayanan and V. Balasubramanian, "Process parameters optimization for
friction stir welding of RDE-40 aluminium alloy using Taguchi technique," Transactions of
Nonferrous Metals Society of China, vol. 18, pp. 548-554, 2008.
[20] R. Rai, A. De, H. Bhadeshia, and T. DebRoy, "Review: friction stir welding tools," Science
and Technology of welding and Joining, vol. 16, pp. 325-342, 2011.
[21] A. N. Siddiquee and S. Pandey, "Experimental investigation on deformation and wear of
WC tool during friction stir welding (FSW) of stainless steel," The International Journal of
Advanced Manufacturing Technology, vol. 73, pp. 479-486, 2014.
[22] W. Lee, Y. Yeon, and S. Jung, "Joint properties of friction stir welded AZ31B–H24
magnesium alloy," Materials Science and Technology, vol. 19, pp. 785-790, 2003.
[23] R. Prado, L. Murr, K. Soto, and J. McClure, "Self-optimization in tool wear for friction-stir
welding of Al 6061+ 20% Al2O3 MMC," Materials science and engineering: A, vol. 349,
pp. 156-165, 2003.
[24] G. Fernandez and L. E. Murr, "Characterization of tool wear and weld optimization in the
friction-stir welding of cast aluminum 359+ 20% SiC metal-matrix composite," Materials
Characterization, vol. 52, pp. 65-75, 2004.
[25] N. Z. Khan, A. N. Siddiquee, and Z. A. Khan, Friction stir welding: dissimilar aluminium
alloys: CRC Press, 2017.
[26] N. Z. Khan, Z. A. Khan, and A. N. Siddiquee, "Effect of shoulder diameter to pin diameter
(D/d) ratio on tensile strength of friction stir welded 6063 aluminium alloy," Materials
Today: Proceedings, vol. 2, pp. 1450-1457, 2015.
182 J.C. Bose University of Science and Technology, YMCA, Faridabad

[27] R. Kumar, K. Singh, and S. Pandey, "Process forces and heat input as function of process
parameters in AA5083 friction stir welds," Transactions of Nonferrous Metals Society of
China, vol. 22, pp. 288-298, 2012.
[28] Z. Song, K. Nakata, A. Wu, J. Liao, and L. Zhou, "Influence of probe offset distance on
interfacial microstructure and mechanical properties of friction stir butt welded joint of
Ti6Al4V and A6061 dissimilar alloys," Materials & Design, vol. 57, pp. 269-278, 2014.
[29] R. Crawford, G. Cook, A. Strauss, D. Hartman, and M. Stremler, "Experimental defect
analysis and force prediction simulation of high weld pitch friction stir welding," Science
and Technology of Welding and Joining, vol. 11, pp. 657-665, 2006.
[30] M. Tolephih, H. Mahmood, A. Hashem, and E. Abdullah, "Effect of tool offset and tilt
angle on weld strength of butt joint friction stir welded specimens of AA2024 aluminum
alloy welded to commercial pure cupper," Chem. Mater. Res, vol. 3, pp. 49-58, 2013.
[31] J. Ouyang, E. Yarrapareddy, and R. Kovacevic, "Microstructural evolution in the friction
stir welded 6061 aluminum alloy (T6-temper condition) to copper," Journal of Materials
Processing Technology, vol. 172, pp. 110-122, 2006.
[32] K. Kumar and S. V. Kailas, "On the role of axial load and the effect of interface position on
the tensile strength of a friction stir welded aluminium alloy," Materials & Design, vol. 29,
pp. 791-797, 2008.
[33] K. Kandasamy, S. V. Kailas, and T. S. Srivatsan, "The Extrinsic Influence of Tool Plunge
Depth on Friction Stir Welding of an Aluminum Alloy," in Advanced Materials Research,
2012, pp. 206-215.
[34] H. Badarinarayan, Y. Shi, X. Li, and K. Okamoto, "Effect of tool geometry on hook
formation and static strength of friction stir spot welded aluminum 5754-O sheets,"
International Journal of Machine Tools and Manufacture, vol. 49, pp. 814-823, 2009.
[35] K. Elangovan and V. Balasubramanian, "Influences of tool pin profile and tool shoulder
diameter on the formation of friction stir processing zone in AA6061 aluminium alloy,"
Materials & design, vol. 29, pp. 362-373, 2008.
[36] T. Chen and W.-B. Lin, "Optimal FSW process parameters for interface and welded zone
toughness of dissimilar aluminium–steel joint," Science and Technology of Welding and
Joining, vol. 15, pp. 279-285, 2010.
[37] C. L. Hwang and K. P. Yoon, Multiattribute Decision Making: Methods and Applications,
Springer, Berlin, pp. 128–140, 1981.
[38] L. A. Zadeh, "Fuzzy sets, Information and Control, vol. 8," Crossref],[Google Scholar],
pp. 338-83, 1965.
[39] F. R. L. Junior, L. Osiro, and L. C. R. Carpinetti, "A comparison between Fuzzy AHP and
Fuzzy TOPSIS methods to supplier selection," Applied Soft Computing, vol. 21, pp. 194209, 2014.
[40] M. Moayeri, A. Shahvarani, M. Behzadi, and F. Hosseinzadeh-Lotfi, "Comparison of fuzzy
AHP and fuzzy TOPSIS methods for math teachers selection," Indian Journal of Science
and Technology, vol. 8, p. 1, 2015.
[41] S. H. Zanakis, A. Solomon, N. Wishart, and S. Dublish, "Multi-attribute decision making:
A simulation comparison of select methods," European journal of operational research,
vol. 107, pp. 507-529, 1998.
183 J.C. Bose University of Science and Technology, YMCA, Faridabad

[42] C. T. Chen, "Extensions of the TOPSIS for group decision-making under fuzzy
environment," Fuzzy sets and systems, vol. 114, pp. 1-9, 2000.
[43] R. Y. Siddiquie, Z. A. Khan, and A. N. Siddiquee, "Prioritizing decision criteria of flexible
manufacturing systems using fuzzy TOPSIS," Journal of Manufacturing Technology
Management, vol. 28, pp. 913-927, 2017.
[44] X. Cao and M. Jahazi, "Effect of welding speed on the quality of friction stir welded butt
joints of a magnesium alloy," Materials & Design, vol. 30, pp. 2033-2042, 2009.
[45] N. Z. Khan, A. N. Siddiquee, Z. A. Khan, and A. K. Mukhopadhyay, "Mechanical and
microstructural behavior of friction stir welded similar and dissimilar sheets of AA2219
and AA7475 aluminium alloys," Journal of Alloys and Compounds, vol. 695, pp. 29022908, 2017.

184 J.C. Bose University of Science and Technology, YMCA, Faridabad

ISFT/2020/R/1063

INTEGRATING DRR CONCERNS INTO ENVIRONMENTAL
ASSESSMENT FRAMEWORK FOR SUSTAINABLE
DEVELOPMENT
Dr. Mamata R. Singh
Directorate of Training & Technical Education, Government of NCT of Delhi, India
mamatarsingh@yahoo.com

Abstract
Poor environment management practices play an important role towards amplifying the disaster
risks. The concept of using environmental assessment tools such as Environment Impact
Assessment (EIA) for disaster risk reduction (DRR) and enhancing sustainability has not yet
been widely applied by practitioners. This paper first introduces the interconnection between
environment and disaster and further discusses the global initiatives for the same. Paper then
briefly covers the existing process of environmental assessment using EIA and identifies key
DRR concerns in environmental assessment process. The paper finally develops holistic
environmental assessment framework integrating DRR concerns for long term sustainable
development.
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Introduction
The environment and disasters are inherently linked. It is essential to look at the impact of
disasters on the environmental degradation and vice versa. Damage to environmental resources
due to disaster events affect the environmental sustainability which is an important element of
Millennium Development Goals. On the other hand, environmental degradation affects natural
processes, alters natural resource base and increases vulnerability to disaster events. It also
aggravates the impact of natural hazards, lessens overall resilience and challenges traditional
coping strategies. Earthquake, drought, cyclone, ﬂood, landslide, tsunami, forest ﬁres etc. are
major disasters linked with environmental systems.
Disaster risk can be determined by three main factors: element at risk, hazards and vulnerability.
Total Risk = (∑elements at risk)*(hazard*vulnerability). The elements at risk may be people,
property, livelihoods and the environment. Hazard assessment is based on the probability of
occurrence of each type of disaster and may consider combination of more than one disaster
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occurring concurrently or in quick succession. Hazard assessment shall jointly consider
geographical (location and extent), temporal (frequency and duration) and dimensional
(magnitude and intensity) analysis. Vulnerability results from the combination of susceptibility
(elements and people potentially at risk due to proximity and exposure) and resilience (coping
capabilities and effective prevention or preparedness measures to reduce the risk). An area with
high susceptibility and low resilience indicates high vulnerability to disasters. Environmental
management practices shall therefore strive for reducing vulnerability, minimizing the impact of
natural hazards and improving resilience. Though environmental assessments – primarily EIAs
have become mandatory in most of the countries in Asia for project appraisal, much needs to be
done to devise suitable environmental assessment framework integrating disaster risk reduction
concerns for long term sustainable development.

Environmental Degradation, Climate Change and Global Initiatives
The process of habitat development could be sustainable only if it establishes the requisite
balance with the nature and environment [2]. The human activities particularly agriculture and
land-use change are found to be the primary drivers of ecosystem change and environmental
degradation. Growing population, increased industrialization and urbanization involve all those
activities that lead to emission of increased greenhouse gases and other pollutants and thereby
affecting the environment and its resource base. In many countries deforestation has disturbed
watersheds and caused siltation of riverbeds resulting in more severe droughts and floods in
addition to changed rainfall patterns and reduced agricultural productivity in the downstream
areas. As projected by Intergovernmental Panel on Climate Change (IPCC), there will be an
increasing likelihood of water related disasters especially for countries in tropical and subtropical regions due to human induced climate change. In addition, climate change is expected to
affect sea levels and cause climate extremes.
Considering the existing scenario and growing risks, at the global level many conceptual
frameworks have emphasized the need for incorporating both disaster risk reduction and
ecosystem service maintenance in developmental planning and analysis process. To promote
sustainable development, the Hyogo Framework for Action (HFA) calls for efforts to “encourage
the sustainable use and management of ecosystems, including better land-use planning and
development activities to reduce risk and vulnerabilities [8]. The UNISDR Working Group on
Environment and Disaster Risk Reduction, is developing an analytical framework that explores
the interlinkages between environmental change and disaster risk [7]. MDG7 emphasizes the
need to develop suitable policy to ensure environmental sustainability by improving lives of at
least 100 million slum dwellers by the year 2020 by way of addressing and analyzing their
vulnerabilities to several natural disasters such as earthquakes, tropical cyclones, floods and
droughts. In order to support such global initiatives and in line with international good practices,
environmental assessments of projects may incorporate certain measures to help ensure that
natural hazard-related factors are adequately examined and where necessary, addressed. These
measures only require few additions to existing environmental assessment framework and do not
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require any changes in the basic procedure. In a nutshell, prevailing environmental assessment
practices may also evaluate existing and new projects from DRR perspectives to ensure long
term sustainability.

EIA and DRR Concerns
EIA is the most popular environmental assessment and planning tool which serves as an integral
component of sound decision making. In India, a major legislative measure for the purpose of
environmental clearance was passed by Ministry of Environment and Forest (MoEF) in 1994
when specific notification was issued under section 3 and rule 5 of the environment protection
Act, 1986 called the “Environment Impact Assessment (EIA) Notification 1994”. EIA is the
official appraisal process to identify, predict, evaluate and justify the ecological, social, and
related biophysical effects of a proposed policy, program or project on the environment.
Subsequently, EIA processes have been strengthened by MoEF by a series of amendments. The
current practice is to adhere to EIA Notification 2006 [3] and its amendments. Early
identification of environmental impacts helps decision makers to evolve strategies to mitigate or
reduce associated risks and impacts.
It is essential that such environmental assessment tools address natural hazards and related risk.
The state of the environment is a major factor determining vulnerability to natural hazards.
Therefore, EIA processes shall consider collection and analysis of data on hazard, vulnerability
and related risks particularly for projects in high-risk areas. Ignoring disaster-related issues in the
design of projects can exacerbate the duration and severity of hazards. It can also result in
subsequent damage to the projects themselves, following the occurrence of a disaster. For
instance, the expansion of urban infrastructure, including bridges, flyovers, railway lines and
roads have created a barrier across city resulting in frequent rainfall induced urban flooding (eg.
Chennai, Mumbai etc.). Following the devastating 2004 Indian Ocean tsunami, some housing
was reconstructed in flood-prone areas, leaving families vulnerable to future hazard events.
Environmental assessments of post-disaster relief and recovery interventions are often waived to
help speed disbursement, even though they may be in blatantly hazard-prone areas. Therefore,
environment assessment shall take into account impact of project on disaster and vice-versa.

Existing Procedure for Environmental Assessments using EIA
EIAs are used as a legal instrument for environmental scrutiny of a proposed developmental and
industrial project, and is, therefore, mostly used as part of ‘environmental clearance’ procedure
officially. However, EIA addresses disaster risk related concerns only in a limited way by
requiring a disaster management plan, environmental monitoring plan and auditing scheme. In
environment impact assessment each step is equally significant in influencing the overall
performance of the project. The steps in EIA processes [4] are: (a) Screening: This first stage of
EIA establishes whether the proposed project, necessitates an EIA and if so, then the intensity of
assessment required. (b) Scoping: This step recognizes the key issues and impacts which further
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needs to be examined. (c) Impact Analysis: The third stage of EIA identifies and assesses the
likely ecological and social impact of the proposed project and its implications. (d) Mitigation:
this step promotes the actions to minimize and avoid possible adverse environmental
consequences of developmental activities. (e) Reporting: The end result of EIA is recorded in the
form of a report to the decision-making body and other concerned stakeholders. (f) Review: It
reviews the adequacy and efficacy of the EIA report and makes available the additional
information, if any, for decision-making. (g) Decision-Making: It decides whether the project is
rejected, accepted or needs some alterations. (h) Post Monitoring: This final step of EIA comes
into play once the project is implemented. It tries to ensure that the impacts of the project are
within officially permitted standards and execution of the mitigation measures are done in the
manner as stated in the EIA report.
Existing environmental assessment procedure i.e. EIA barely addresses DRR concerns though
during the process of implementing EIA, each of the steps involved has adequate scope to
examine the project in question from DRR perspective. All important and relevant DRR
concerns can be dovetailed into Environmental assessment framework to make it more holistic
thereby assuring long term sustainability. Table 1.0 below indicates, for each of the stages of
EIA, environment management functions and relevant disaster management functions.
Table 1. Environment Management Functions and Corresponding Disaster Management
Functions
S.N.

EIA Stages

1.

Screening & Scoping

2.

Impacts Analysis

3.

Mitigation

4.

Reporting

5.
6.
7.

Review
Decision Making
Post Monitoring and Follow up

Environment
Management
Functions
Reconnaissance
Baseline Environment Study
Identification of Impacts
Prediction and forecasting
Evaluation of Impacts
Environment Impact Assessment
Alternative/Mitigation Measures

Disaster
Management
Functions
Hazard Identification
Hazard Assessment
Vulnerability Assessment
Early Warning
Risk Evaluation/Auditing
Risk Characterization
Disaster Prevention and Risk
Reduction Measures
Disaster Mitigation Plan
Emergency Response Plan

Environment Management Plan
Disaster Management Plan
Emergency Response Plan
Environment Monitoring Plan
Review of Adequacy of Report
Decision to Accept, Reject or Suggest Modifications
Monitoring during execution stage against plans and standards

Information on environment management functions and corresponding disaster management
functions at each stage of EIA as identified in Table 1.0 have been utilized in the following
section for developing comprehensive Environmental Assessment Framework incorporating
DRR concerns.
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Integrating DRR Concerns into Environmental Assessment Framework
EIA begins once the preliminary investigations are finished and the pre-feasibility study is to
begin [9]. The first step of Pre-environmental Impact Assessment intends to select the types of
processes and study different potential sites according to available resources and characteristics.
The Second step of EIA covers detailed assessment beginning with scoping and screening of
main impacts for further analysis. The Steering committee then determines terms of reference of
EIA and the exact contents of the EIA report. The proposed environmental assessment
framework [9] for assuring long term sustainability from DRR perspectives has been indicated in
figure 1.0 and is outlined below:

Pre-environmental Impact Assessment
Step 1. Define project and alternatives
Initial stage of assessment deals with project definition with certain minimum information such
as design criteria of projects, site characteristics, location, hazards or damage history and project
related climate change etc. This stage also analyses few alternatives for process and selected sites
to outline some broad solution.
Step 2. Preliminary hazard and vulnerability assessment
This step deals with preliminary identification of key hazards, its frequency/probability and
associated vulnerability and potential for impacts throughout life cycle of project to broadly
determine environmental screening and scoping criteria.

Detailed Environmental Impact Assessment
Step 3. Screening
This stage first examines the need and intensity of EIA for the anticipated project. Outcome of
Step 2 serves as a useful input for further hazard, vulnerability and disaster risk assessments and
in determining the level of analysis for environmental screening. Projects may broadly be
categorized into Category A or Category B based on the spatial extent of potential impacts and
potential impacts on human health and natural and manmade resources.
Step 4. Scoping
This step deals with further analysis of the key hazard related issues and impacts which helps in
demarcating the scope and time limit of the study. Additional investigation and capacity building
of assessment team would be required in case of significant disaster risk on project or if the
proposed project is likely to have a significant impact on environment and natural hazard profile.
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Information needs at this stage include hazard and vulnerability data, climate change assessments
and their impact on the project site, relevant legislation and institutions.
Step 5. Assessment and evaluation
This step deals with analyzing potential effects of the project during its life cycle on the
frequency and intensity of significant natural hazards and the impact of these hazards, in turn, on
the project. Based on the output from screening and scoping stages, a detailed hazard assessment
including its mapping may be conducted. Also detailed exercise on relevant climate change
modelling (e.g., how a rise in sea level might affect storm surges or how changes in precipitation
might affect drought and flooding) and mathematical / computer-based hazard modelling may be
carried out in the project area (for instance, modelling of flood, cyclone or earthquake scenarios)
particularly for large projects in high-risk areas. In addition to hazard assessment, A detailed
vulnerability assessment may be undertaken to not only address expected impact of the project
on environmental but also on socio-economic factors. Consultation with concerned stakeholders
will also provide important information on natural hazards, related vulnerability and disaster
risks.
Disaster risk reduction measures can be planned on the basis of such disaster risk assessment to
minimize the impact to an acceptable level along with identification of suitable project
alternatives taking policy, legal and institutional aspects into account. Risk reduction measures
may include but not limited to changes in project design or addition of environmental protection
measures or climate change adaptation program as may be feasible.
Step 6. Develop environmental management plans
This step deals with development of environmental management plans incorporating disaster risk
management, mitigation and adaptation plans to address natural hazard, related vulnerabilities
and risks identified in Step 5.
Step 7. Monitoring programme
This step deals with development of appropriate monitoring programmes to ensure the
implementation and effectiveness of disaster risk reduction and climate change adaptation related
features of project. Monitoring program shall also include assessment of impact of the project on
natural hazards profile and also the impact of any hazard events on the project.
Step 8. Prepare final report
Final project report shall incorporate the disaster risk reduction measures necessary to address
the identified natural hazards, vulnerabilities and hence risks. Also, monitoring plan as specified
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in the report should enable assessment of implementation and effectiveness of these measures.
This final report should be available for public scrutiny.
Step 9. Project appraisal
This step deals with assessment of feasibility, viability and acceptability of the project against
defined criteria. It examines whether all potentially significant hazards identified in Step 4
(scoping) have been considered along with their possible impacts in the detailed hazard and
vulnerability assessments (Step 5). It further analyses appropriateness, adequacy and feasibility
(technical, financial and administrative) of proposed disaster risk reduction measures. Residual
risk, if any, have to be clearly indicated.
Step 10. Implementation and monitoring
The final step deals with the implementation and monitoring of appropriateness of specified
disaster risk reduction measures of the project.

191 J.C. Bose University of Science and Technology, YMCA, Faridabad

1. Define project and alternatives
Include information on hazards, damage history and climate change in the
project area, Analysis of process alternatives and selected sites

Re-evaluate
Yes

2. Preliminary hazard and vulnerability assessment
Identify key hazards and associated vulnerabilities throughout projects’ life cycle

Feasibility

3. Screening
Consider potential impact of project on hazard, vulnerability and disaster risk in
determining required level of environmental screening and categorization of project

Pursue?

Acceptable
screening
result?

No
No

v
Cons

4. Scoping
Demarcate scope and time limit of study based on analysis and significance of
disaster risks

5. Assessment and evaluation
Detailed hazard and vulnerability assessments, Climate change Modelling
exercise, Suggest and evaluate DRR measures, select appropriate measure and
determine feasibility

Discontinue
Yes

Project
Feasible?

Yes
6. Develop environmental management plan
Incorporate disaster risk management, mitigation and adaptation plans to address risks

Discontinue
No

Design

7. Monitoring program
Program to ensure the implementation and effectiveness of DRR and climate
change adaptation related features of project

8. Prepare final report
Incorporate the DRR measures necessary to address identified risks, Provide for public scrutiny

10. Implementation and monitoring
Implementation and monitoring of appropriateness of specified DRR measures
of the project.

Operation

9. Project appraisal
Assessment of feasibility, viability and acceptability of proposed DRR measures
for the project against defined criteria

Figure 1: Integrating DRR Concerns into Environmental Assessment Framework
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Conclusion
India has traditionally been vulnerable to natural disasters on account of its unique geo-climatic
conditions. Floods, droughts, cyclones, earthquakes and landslides have been recurrent
phenomena. However, the devastation and consequent collapse cannot be attributed to ‘Act of
God’ alone. To protect the environment and to reduce disaster risk, we need to ensure that we
understand the complete cycle of human-environment-disaster interactions so as to minimize the
elements of hazards and vulnerabilities [1]. Although the links between disaster risk reduction
and environmental management are recognized, little research and policy work has been
undertaken on the subject. Environmental assessments can serve as an important tool to address
disaster risks. However, systematic analysis of the potential disaster risk-related consequences of
a project via its impact on the environment have not been given due importance in existing
environmental assessment process. Existing approach for environment assessment using EIA are
not comprehensive enough to incorporate DRR concerns and just requires disaster management
plan and emergency response plan as a part of report. EIA processes are thus not very effective
in addressing DRR concerns. This may be due to lack of specificity and inadequate policy
integration of disaster risk related concerns into the environmental legislation that governs the
EIA process.
Environmental Assessment frameworks therefore, shall also consider analysis of the nature and
extent of risk by analyzing potential hazards and evaluating existing conditions of vulnerability
that could pose a potential threat or harm to people, property, livelihoods and the environment on
which they depend. Holistic environmental assessment framework once developed would serve
as an effective decision-support system to help precise planning and sound environmental
management practices incorporating DRR concerns and thereby assuring long term
sustainability. However, reforms and adaptation on policy, legal, institutional and
implementation framework of both environmental governance and disaster management at
different levels of planning and action alongside would also be needed to achieve desired
outcome [1]. Also, capacity building of government agencies, communities, NGOs and the
judiciary with regard to the implementation of proposed environmental assessment process
would be urgently needed [5]. Inclusive technical education integrating DRR concerns into
relevant technical courses would go a long way in building appropriate capacities towards
sustainable development [6].
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Abstract
The applications of Recommender Systems are increasing day by day and hence Collaborative
Filtering algorithms play an important role in providing key results for the Recommendation
Systems to the users. These key results have been improved in the previous years. Social media
sites as well as several commercial sites use Collaborative Filtering algorithms. Still the users
deal with various drawbacks of Collaborative Filtering algorithms like synonymy, cold start
problem, data sparsity, information overload, etc. These algorithms mainly take the
recommendations from user's preferences as well as the preferences of their friends. This paper
provides a detailed survey of various Collaborative Filtering algorithms that are used in
Recommender Systems. In this paper, a comparative analysis of Collaborative Filtering
algorithms is carried out on the basis of input parameters, performance metrics, and other
important characteristics.

Keywords
Collaborative Filtering, Recommender Systems, Personalized Ranking, Data Sparsity, User Similarity.

Introduction
With the increase in the online information as well as the users, there is a need to find a system
that can provide the users with the best results. Different tools and techniques are used by the
Recommender Systems(RS)[1] to provide users with best results on social media as well as on
commercial sites. Collaborative Filtering (CF) [2] is one of the major techniques used by the
Recommender Systems (RS) that is based on user's ratings for the items and their friends ratings
also matter. The results are based in the choices of the user's friends [3,4] or the ones whose likes
and dislikes match with that of the user.
The two basic types of Collaborative Filtering(CF) [5] are Model Based CF and Memory Based
CF [6]. Pearson Similarity or Cosine Similarity [7,8N] are used among the users and items which
are considered by Memory Based CF. Model Based CF uses Bayesian Networks or the
dimensionality reduction methods like Principal Component Analysis (PCA) method [9]. Hybrid
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CF [10] is formed by combining memory Based CF and Model Based CF which is highly
recommended for commercial sites.
Authors deal with several problems of Recommender Systems that affect the accuracy of the
results of the Recommender Systems. Problems like Cold Start problem [11], data sparsity [12],
synonymy, etc. Data Sparsity problem arises when large datasets are available for the
recommendation and the data is very sparse and it is very difficult for the system to draw
inferences from that data. Cold Start problem arises when there is insufficient amount of data
available for the recommendation. When similar items have different names or tags then
synonymy problem happens. In order to deal with these problems, CF uses a user-item matrix
where the users rate the items that they like or dislike and then similar users are considered for
the further usage based on their ratings [13].
To deal with the above mentioned problems, authors have given several algorithms over the past
few years. Some of the recommended algorithms are: UICCF (User Interesting Based CF UserItem-User Activity Matrix) [14], SoMu (Social Multi-Attribute CF) [15], Algorithm based on
clustering and SVD (Singular Value Decomposition) [16], Knowledge Based CF [17], Random
Walk with Restarts (RWR) [18], ETBR-CF (Emotions and Trust Based Collaborative
Filtering)[19] and Semantic Collaborative Filtering (SCF) [20]. These algorithms use different
parameters, datasets and work differently from each other.
The goal of this paper is a comprehensive study of some of the existing algorithms given by the
authors in the recent past and compare them based on various parameters. Paper also discusses
the problems that still occur in these algorithms and their probable solutions. The rest of paper is
as follows: Section I contains the introduction of this paper, Section II includes the research
work done so far in this field, Section III gives a brief description of the algorithms in a tabular
format, Section IV compares these algorithms based on some parameters like input parameters,
performance and their future work. Section V concludes the review with the future research
scope in the field of Collaborative Filtering.

Literature Review
A lot of research has been done in the field of collaborative filtering to address the problems of
data sparsity, cold start problem etc. This section provides a detailed review of works carried out
by different authors that have researched in this field. Every CF algorithm described, has its own
set of parameters and follow a different approach compared to others in order to enhance the
quality of the recommendation results. Some of the prevalent algorithms in the recent past have
been discussed below.
1. UICCF (User Interesting Based CF User-Item-User Activity Matrix)[14] uses k means
clustering [21] technique where similar items are clustered and users choose from these groups
of items. It is an extension to the basic CF algorithm and reduces the data sparseness and cold
start problem. It also improves the user-similarity calculating method and the user-item rating
matrix. The equations used in UICCF [14] are given below, wherein (1) shows the similarity
between two users u and v i.e. sim(u,v) while (2) gives the predicted rating for item a. (3) is the
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difference on the ratings of the users u and v. Now, the final similarity between these users is
given by (4) as 𝑠𝑖𝑚′(𝑢,𝑣) .
sim(u,v)=

̅̅̅̅
̅̅̅̅
∑𝑖∈𝐼(𝑢)∩𝐼(𝑣)(𝑅(𝑢,𝑖) −𝑅
𝑢 )(𝑅(𝑣,𝑖) −𝑅
𝑣)
2
2
̅̅̅̅
̅̅̅̅
√∑𝑖∈𝐼(𝑢)∩𝐼(𝑣)(𝑅(𝑢,𝑖) −𝑅
𝑢 ) √∑𝑖∈𝐼(𝑢)∩𝐼(𝑣)(𝑅(𝑣,𝑖) −𝑅
𝑣)

(1)

where 𝑅(𝑢,𝑖) , 𝑅(𝑣,𝑖) are the ratings of user u and v for the items 𝑖 ∈ 𝐼(𝑢) ∩ 𝐼(𝑣) , ̅𝑅̅̅𝑢̅ and ̅̅̅
𝑅𝑣 are
their respective average ratings.
𝜌𝑎,𝑡 = ̅𝑅̅̅𝑎̅ +

∑𝑖∈𝑈𝑎 𝑠𝑖𝑚(𝑎, 𝑖) ∗ (𝑅𝑖,𝑡 − ̅̅̅
𝑅𝑡 )
∑𝑖∈𝑈𝑎 𝑠𝑖𝑚(𝑎, 𝑖)
(2)

where 𝑈𝑎 is the nearest neighbor of the target user a and 𝜌𝑎,𝑡
𝐶

𝑑𝑖𝑓(𝑢,𝑣) =

1 |𝐺 −𝐺 |
∑𝑖=1
𝑢,𝑖
𝑣,𝑖
𝐶

1 |𝐺 +𝐺 |
∑𝑖=1
𝑢,𝑖
𝑣,𝑖

(3)

where 𝐶1 is the number of item categories while 𝐺𝑢,𝑖 and 𝐺𝑣,𝑖 are the number of items in
category i (i=1,2,3…,𝐶1 ) rated by user u and v.
𝑠𝑖𝑚′(𝑢,𝑣) = 𝛼𝑠𝑖𝑚(𝑢, 𝑣) + (1 − 𝛼)(1 − 𝑑𝑖𝑓(𝑢,𝑣) )

(4)

where 𝛼 is the parameter to adjust the weight of user activity.
2. SoMu (Social Multi-Attribute CF) [15] calculates attraction similarity and interaction
similarity parameters [22] based on users and items which improve the accuracy of the
recommender systems. Attraction similarity [23] includes the likes and dislikes of the users given
in eq. 5, the ones they are attracted to. Interaction similarity is given in includes the followers of
the user and the ones he is following. Comprehensive similarity model is given by combining
interaction similarity and attraction similarity that helps in determining the neighbors set and topN item list recommended to the target user given in eq. 7.
𝑊1 (u,v)=γ

1
log(1+|𝑀(𝑖)|)
𝑅(𝑢,𝑣)2

∑𝑖∈𝑁(𝑢)∩𝑁(𝑣)

(5)

where 𝑁(𝑢) is the number of items be the set of items which are selected by u and 𝑀(𝑖) is the set
of users who have rated item i. Let's 𝑟𝑚𝑎𝑥 and 𝑟𝑚𝑖𝑛 be the maximum and minimum ratings of the
users and their normalized factor is given by γ.
𝑊2 (u,v)=

|𝑜𝑢𝑡(𝑢)−𝑖𝑛(𝑣)|
√|𝑜𝑢𝑡(𝑢)||𝑖𝑛(𝑣)|

(6)
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where out(u) is the number of outlinks while in(u) is the number of the inlinks in the graph.
𝜌𝑣𝑖 =∑𝑣∈𝑁(𝑖)∩𝑆(𝑢,𝑘) 𝑊(𝑢, 𝑣) ∗ 𝑟𝑣𝑖

(7)

where 𝑆(𝑢, 𝑘) is the set of nearest neighbors of user u that is decided by integrated similarity of u
to other users and then the items are ranked according to the scores.
3.Algorithm based on clustering and SVD (Singular Value Decomposition) [16] improves the
recommendation performance by using dimensionality reduction and clustering techniques. This
algorithm generates two stage Recommender System. In the first the dimensionality reduction is
done in offline model creation. And then the process of SVD (Singular Value Decomposition) is
followed. Then both the systems are combined together in the clustering technique while dealing
with online users. It uses Cosine Similarity (8) where 𝑃𝑥,𝑖 and 𝑃𝑦,𝑖 are the preferences of the
users x and y and n is the dimension of rating matrix also used.
𝐶𝑂𝑆(𝑥, 𝑦) =

∑𝑛
𝑖=1 𝑃𝑥,𝑖 𝑋𝑃𝑦,𝑖

(8)

𝑛
2
2
√∑𝑛
𝑖=1 𝑃𝑥,𝑖 √∑𝑖=1 𝑃𝑦,𝑖

4. Knowledge Based CF [17] is a multi criteria Collaborative Filtering approach where CF is
extended by introducing a semantic web reasoning capability called user trust which allows
different priorities to be given to CF evaluation based on the user's reputations. In this, the
recommender system supports the user's preferences throughout the process. In this way, better
quality results are provided to the users. A local similarity score for every user is given by (9)
where N is the number of criteria where ratings are given by third party users,𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛𝑛𝑚
is both the value of the threshold of the criterion n and 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛𝑚 is the set of ratings
given by the user to the service.
1

𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦(𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛𝑚 ) = 𝑁 ∑𝑁
𝑛=1 𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦(𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛𝑛𝑚 )

(9)

5. RWR (Random Walk with Restarts) [18] along with collaborative filtering presents a very
unified approach. It uses the additional relationships for developing recommendation systems by
considering social annotations and the friendships established among users, items and tags. It
evaluates the datasets in the form of user and item graphs [27] and show the bonds of friendships
among users by social tagging. A random walk [28] is done on a graph of the dataset and it
shows that the friendship and the social tagging can improve performance of an item's
recommendations. The formula for the relational matrix of users and items (10) is given. S is the
transition probability and q is the column vector of zeroes.
p(t+1) = (1 − a)Sp(t) + aq

(10)

6. ETBR-CF (Emotions and Trust Based Collaborative Filtering) [19] is an algorithm that works
on developing objective and subjective trust among users in order to overcome the cold start
problem of users. A set of trusted neighbors is obtained for the target user. According to the
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emotional consistency of the users, the set of users is screened and then it is mined from implicit
user behavior information. In the end, we get the target set of recommendations for the target
user. Hence, this algorithm is mainly based on developing similarity among users based on
emotions and trust of the users.
7. SCF (Semantic Collaborative Filtering) [20] consists of SSR (Semantic Social Ranking) and
Collaborative Filtering (CF). It solves the problem of data sparseness and the cold start problems
in recommender systems. This approach determines semantically similar users by social tagging
and discovers semantically relevant items for each other. It captures the semantics of usergenerated tags and then recommend them in trustworthy items that are semantically relevant to a
user's needs. Main criteria is based on folksonomy [29]. The tags which has used u has used are
represented as the union of USLs (10). The semantic user similarity is given measure (11) while
the Semantic Social Ranking score is being generated in (12).
𝑛

𝑈𝑆𝐿∗𝑢

=

⋃ 𝑈𝑆𝐿𝑖𝑢
𝑖=0

6

= ⋃ 𝑈𝑆𝐿𝑖𝑢 (𝑙)
𝑙=0

where 𝑈𝑆𝐿∗𝑢 = ⋃𝑙(𝑐)=𝑙,𝑐∈𝑣,𝑣∈𝑁𝑢∗ 𝑐𝑛
(10)
semUSim(u,v)=ω∑6𝑙=0 𝑠𝑖𝑚𝑈𝑆𝐿𝑙 (𝑢, 𝑣)

(11)

where ω is the normalizing factor
SSR(u,h)=∑𝑣∈𝑆𝑆𝑁𝑘

|𝑈𝑆𝐿∗𝑢 ∩𝑈𝑆𝐿ℎ
𝑣|
|𝑈𝑆𝐿ℎ
𝑣|

× 𝑠𝑒𝑚𝑈𝑆𝑖𝑚(𝑢, 𝑣)

(12)

where 𝑆𝑆𝑁𝑘 is a set of k nearest neighbors of the user u and 𝑈𝑆𝐿ℎ𝑣 is the union of USLs
connected to tags that user v has assigned item h.

Comparison of The Algorithms
A comparative analysis of various algorithms is done here. Table 1 provides with the basic
knowledge of the algorithms, their basic criteria, issues addressed by them, their advantages as
well as their disadvantages.
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Table 1.

Comparison of algorithms on basic principles

Algorithm

Full Form

Basic Criteria

UICCF [14]

User Interesting
Clustering
Collaborative
Filtering Algorithm

Improves the useritem rating matrix
by using k means
clustering of the
users

SoMu [15]

Social MultiAttribute
Collaborative
Filtering Algorithm

Clustering +
SVD[16]

Singular Value
Decomposition

Knowledge
Base CF
[17]

Knowledge Based
Multi Criteria
Collaborative
Filtering Algorithm

CF+RWR
[18] [28]

Collaborative
Filtering Algorithm
with Random Walks
with Restarts

Makes
comprehensive
similarity model to
determine neighbor
set and determine
top N
recommendations
Dimensionality
reduction is done in
offline model
creation and then
clustering of the
online users is done.
Semantic web
capabilities of user
trust are taken into
consideration. Multi
Criteria Decision
Making (MCDM)
method is used in
recommender
system.
Evaluate RWR on
the dataset to
capture the bonds of
friendships among
people, tags and
items.

ETBR-CF
[19]

Emotions and Trust
Based
Recommendation
Collaborative
Filtering

SCF [18]

Semantic
Collaborative
Filtering

Trust worthy
relationships are
established among
users using
subjective and
objective trust.
Determines
semantically similar
users by social
tagging and
discovers relevant
items for the users.

Problems
Addressed
Data
sparseness
problem

Advantages

Disadvantages
Did not consider
the cold start
problem and userinterest is shifted
with time.

Data
Sparsity
Problem

User similarity
calculation
method is
improved as
compared to the
traditional
method.
Improves the
accuracy of the
RS.

Recomme
ndation
Performan
ce

Recommendatio
n performance is
improved at a
high rate.

Did not consider
cold start problem
and synonymy
problem.

Quality of
results

Users get better
results as a new
factor is being
added which is
user trust.

CF techniques and
knowledge based
techniques are yet
to be hybridized to
a good extent.

Data
Sparsity
and
Informatio
n
Overload
Problem
Cold Start
Problem,
Shilling
Attacks

Additional
relations among
people, tags and
items are used to
enhance the
results.

Online response
time is not
accepted in the
real life situations.

High
recommendation
accuracy in case
of data sparsity
and cold start
problems.
Ambiguity,
Synonymy issues
are resolved of
the traditional
CF.

This method does
not complement
on the missing
ratings.

Data
Sparsenes
s and Cold
Start
Problems

Works only on
users and user
related items and
tags.

Main focus is on
the user similarity
and not on the
items.
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Comparison of Some Specific Parameters
Table 2 gives us the comparison of these algorithms on some specific parameters like source
datasets, the input parameters, technique used, performance metric considered as well as their
future works.
Table 2.
Algorithm

Datasets

UICCF

MovieLens
[30]

SoMu

Survey on Specific Parameters

Input
Parameters
User-item
rating matrix

Technique
Used
K-means
clustering

Performance
Metric Used
Mean Absolute
Error (MAE)

Douban [31],
MovieLens[30]

Attraction
Similarity and
Interaction
Similarity

Precision,
Recall,
Popularity and
Coverage

Clustering+SVD

MovieLens
[30]

Knowledge
Based CF

MobiCLoUP
Architecture
[34]

User
preferences
and cosine
similarity
parameters
User ratings for
particular items
are considered.

Friend-useritem
comprehensive
similarity
model.
Dimensionality
Reduction and
k-means
clustering

Precision and
Recall

CF+RWR

Last.fm [32]

API driven
applications
using multi
criteria
collaborative
evaluation.
Random Walk
with Restarts
(RWR) [28]

ETBR-CF

Douban [31]

MAE, RMSE,
Precision and
Recall

Further mining will be
done and thus analyze
the implicit emotional
user information

SCF

Bibsonomy
[33]

Trust and
emotions
based
relationships
are formed
among users
Folksonomy
[29]

Precision and
Recall.

Use semantic
similarity on item
based approach on
large datasets.

Friendship
bonds of users
and tags in
graphical
format.
User-Item
rating matrix
and user
similarity
Euclidean
distance
Semantic
oriented tags
and
semantically
relevant
resources are
considered

RMSE (Root
Mean Square
Error)

Precision and
Recall

Future Focus
Select neighbors by
structural
characteristics of the
social networks.
Correlation among RS
and Social network
can be studied.

Use the current
method on other
datasets and by using
other metrics like
precision and recall.
Implementing the
current strategy on
other integrated
architectures and
other software
development projects.
Implement the
algorithms on large
scale companies like
Amazon, Netflix, etc.
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Conclusion
This paper gives a comprehensive review of collaborative filtering algorithms such as UICCF,
SoMu, SVD, ETBR-CF, etc and compares these algorithms on parameters like input parameters,
main technique used, performance metrics used etc. One of the common techniques used by
these algorithms is to rank the user-item matrix for the recommendations and user-item
relationships. These days, several new algorithms are coming up to help improve the results of
the recommender systems. The disadvantages of these algorithms help in revealing the scope
where the work needs to be done further. Different parameters can be combined in order to get
better results. These parameters can be molded with slight changes for a particular dataset in
order to get better results. The likes and dislikes of the target user as well as the preferences of
the target user's friends play major role in giving recommendations. Future work will comprise
of working on some of the challenges like cold start problem and data sparseness problem in
order to generate a better approach for the recommendations.
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Abstract
In this paper the novel aspect of basic characteristics of the Dual-halo Dual-dielectric triplematerial surrounding-gate (DH-DD-TM-SG) MOSFET is investigated. The DH-DD-TM-SG
MOSFET includes the channel, gate and dielectric engineering which results in reduction in
SCEs and hence improvement in the short channel performance of device. In the current
article the DIBL, threshold voltage roll-off and output characteristics are the parameter used
for evaluating the device performance. The comparison of DH-DD-TM-SG design has been
carried out with triple-material surrounding-gate MOSFET using TCAD Silvaco. The better
performance of DH-DD-TM-SG MOSFET makes this device suitable for analog and RF
applications.

Keywords
Gate engineering, SCEs, Halo implant, Dual dielectric, Drain Current

Introduction
The continuous growth in semiconductor industry demands for small size, low power and
high device density. This can be obtained by scaling the device dimension. The scaling of
conventional MOSFET leads to unpredictable behavior which is called as SCEs. The Double
gate (DG), triple gate (TG) and gate all around (GAA) MOSFETs are the possible solution
for SCEs [1-3]. But GAA structure with cylindrical channel offers higher degree of
flexibility, reliability and manufacturability. So this makes device suitable for future ULSI
applications.
Long et al. [1] first examined the gate engineering structure with dual-material. This work
function disparity produces the step profile in the channel which enhances the device
performance. The performance of the device further improves by combining gate, channel
and dielectric engineering. High-K dielectric with interfacial oxide layer decreases the device
trap density which reduces the leakage current that gives less value of static power
dissipation. The uniform doping in the channel decreases the DIBL and provides a way of
control of threshold voltage on dependence of channel length. So this further boosts up the
performance of the device. The reduction in SCEs and leakage current makes device usable
for increasing in battery life time. The Silvaco simulation [4] results reflect that the DH-DDTM-SG MOSFET has better performance than existing devices.
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DEVICE STRUCTURE
A 3D structure of cylindrical DH-DD-TM-SG MOSFET is shown in Figure 1. Figure 2
illustrate the schematic view of DH-DD-TM-CGAA MOSFET structure. It is seen from the
Figure 2 that the gate electrode consists of three metals M1, M2 and M3.

Fig.1. 3D view of cylindrical DH-DD-TM-SG MOSFET.

Fig. 2. Cross sectional view of cylindrical DH-DD-TM-SG MOSFET.
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The device parameters used during simulation are listed in Table 1.
Table 1 Device parameters used for simulation
Parameter
S/D Doping (/m3)
Channel Doping (/m3)
Channel Halo Doping (/m3)
Oxide Thickness (nm)
Silicon Thickness (nm)
Source/Drain Length (nm)
Permittivity of SiO2
Permittivity of HfO2

DH-DD-TM-SG
1x1026
1x1023
1x1024
1.78
10
15
3.9
20

SH-TM-SG
1x1026
1x1023
1x1024
1.78
10
15
3.9
-

TM-SG
1x1026
1x1023
1.78
10
15
3.9
-

Each metal has different work functions. The device consists of gate metal 1 with a work
function M 1 (Au) = 4.8 eV, gate metal 2 with M 2 (Mo) = 4.6 eV and gate metal 3 with M 3
(Ti) = 4.4 eV, respectively. In this device structure, the uniform halo doping is done with dual
dielectric to form a novel device structure. The lengths L1 and L5 are halo doped with
concentration Ndh while the rest of the regions are doped with acceptor doping concentration
Nak, assuming that Ndh is greater than Nak.

Results and Discussion
DIBL Effect
Drain induced barrier lowering is a short channel effect in MOSFET referring originally to a
reduction of the threshold voltage of the transistor at higher drain voltage. This causes the
reduction in potential barrier and the control of gate electrode starts diminishing [5-6]. Figure
3 depicts the deviation in DIBL for DH-DD-TM-SG, SH-TM-SG and TM-SG MOSFET
devices. DH-DD-TM-SG MOSFET exhibits less value of DIBL as compared to their
counterparts due to the existence of halo doping in the DH-DD-TM-SG MOSFET. The DHDD-TM-SG shows 11.7% improvement in DIBL as compared to TM-SG and 6.9%
improvement in comparison to SH-TM-SG MOSFET at channel length of 30 nm.

Fig. 3 Drain induced barrier lowering with varying channel length
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Threshold voltage roll-off
The reduction in threshold voltage with reduction in channel length indicates the presence of
SCEs and is known as threshold voltage roll-off [7-8] as depicted in Figure 4. The threshold
voltage of MOSFET cannot scale aggressively with reduction in channel length. The lower
value of threshold voltage causes enhancement in the leakage current of the MOSFET. The
increase in leakage current boosts up the static power dissipation and hence degrades the
device performance. So designers have to compromise between the speed and power. The
roll-off of threshold voltage has been determined by evaluating the difference between the
threshold voltages for shorter channel length and the longer channel length devices. The
figure depicts that the increase in gate length increases the Vth roll-off. The DH-DD-TM-SG
shows 31.9% improvement in Vth roll-off as compared to TM-SG and 15.5% improvement in
comparison to SH-TM-SG MOSFET at channel length of 30 nm. Hence, the DH-DD-TM-SG
MOSFET exhibits excellent performance as compared to its counterparts by overcoming the
Vth roll-off.

Fig. 4 Threshold voltage roll-off versus the variation in channel length

Subthreshold Swing
The “OFF” characteristics of the MOSFET are equally important as “ON” characteristics.
The sub-threshold characteristics of the device become important when channel length is
below 50 nm. The device even conducts when the gate voltage is below than threshold
voltage which is known as sub-threshold conduction and current flowing in weak inversion is
known as sub-threshold current [9]. The sub-threshold leakage current is considered as one of
non-ideal characteristics of the MOSFET as a switching device and is the major reason for
the increase in standby leakage power dissipation. The sub-threshold swing (SS) must be as
small as possible. The ideal value of SS is 60 mV/dec. It indicates the control of the channel
surface potential of the gate terminal. One can use thinner gate oxide to reduce the SS [1011].
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Fig. 5 Sub-threshold swing versus channel length

DH-DD-TM-SG shows 5.72% improvement in SS as compared to TM-SG MOSFET at L =
30 nm. It is find out that the SS is reduced for the DH-DD-TM-SG MOSFET as compared to
TM-SG MOSFET due to the reduced sub-threshold leakage.
Figure 6 depicts the sub-threshold swing with variation in dielectric constant of the top layer
oxide. As the dielectric constant of top dielectric layer increases, the SS decreases. The DHDD-TM-SG MOSFET has lower value of SS as compared to DM-SG MOSFET due to less
leakage current in the DH-DD-TM-SG MOSFET [12].

Fig. 6 Sub-threshold swing with dielectric constant of top layer oxide

Output Characteristics
The output characteristics of the DH-DD-TM-SG and TM-SG MOSFET have been compared
for L=30 nm. At Vds = 1.0 V, the drain current is varying from 1.52 μA to 42.3 μA with
change in Vgs from 0.1 V to 1.0 V. It is noticed from the figure that the DH-DD-TM-SG
MOSFET revels higher value of transconductance and reduced drain conductance. This
produces an increased in voltage gain of the device which makes it useful for amplifiers [13].
The device performance i.e. Ion/Ioff is 51.8 for DH-DD-TM-SG MOSFET as compared to
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TM-SG MOSFET which have only 22.58. Hence, it proved that DH-DD-TM-SG MOSFET
have better switching performance.

Fig. 7 Output characteristics of DH-DD-TM-SG and TM-SG MOSFET

Conclusions
In this paper, the novel attributes of DH-DD-TM-SG MOSFET has been carried out using
simulation. The DH-DD-TM-SG MOSFET shows superior performance as compared to TMSG MOSFET. The presented device improves the performance by reducing the DIBL, V th
roll-off and SS. The device projects higher value of drain current and transconductance. The
unique way of dependence of SS on dielectric constant is also described. The FOM is more
for DH-DD-TM-SG MOSFET which makes it is useful for low power applications.
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Abstract—HDFS stands for Hadoop Distributed File System .It works on large datasets.
This file system is written in Java and designed for portability across various platforms. It
works on both structured and unstructured data. Big Data is characterized by 3V’s
Volume, Velocity and Variety. HDFS works on Batch Processing System like MapReduce.
HDFS is designed to work on heterogeneous hardware and software platforms. It
supports single writer and multiple reader architecture and is based on Client-Server
Architecture.
Index Terms - Big data, Hadoop, HDFS and MapReduce.
I. INTRODUCTION
When people say about Hadoop it generally refers to two terms-HDFS and Map Reduce. This
idea came because of the problem of large amount of data.In 1990, there comes the problem of
storing the big data. Big data refers to data beyond the storage and processing capacity. It took
13 years, In 2003 Google came up with the idea of Google file system for storing and In 2004
MapReduce for processing. Google presented it on white paper. Then in 2006 Doug Cutting
joined yahoo and implemented the description by introducing HDFS and in 2007 with map
reduce.
A. Overview
HE Hadoop distributed file system is an open source framework developed by Apache.
T
It is a specially designed file system for storing huge datasets with cluster of commodity
hardware with streaming access pattern. For maximum portability, it is implemented as a user
level file system. It is a distributed, scalable and portable file system written in java for Hadoop
framework. Files in HDFS are divided into large blocks, typically 64MB and each block is
stored as a separate file in the local file system. These files are stored in such a redundant
manner i.e. not strictly to function but included in case of failure. HDFS is highly scalable as
well as highly fault tolerant. It provides these two services with the addition of cheap servers.
Going further into Fault tolerance, HDFS has a couple of solutions to ensure that this goal is
achieved. The first method is detection of failed nodes, for this a data node must send a
heartbeat to name node indicating it is still alive. Absence of the heartbeat indicates failure or
slow processing.
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B. Architecture
In HDFS each cluster contains of a single name node that manages multiple data nodes. The
name node manages all the data nodes by creating master/slave architecture as shown in fig 1.
Name node contains Meta data and Data node stores application data.

Fig 1. HDFS Architecture
Namenode
Name node is that hardware which is affordable and easy to obtain i.e. commodity hardware. It
contains the GNU/Linux operating system and the namenode software. The system having the
namenode acts as a master. The File system namespace is maintained by name node. Users can
create, open, rename or delete files and directories and name node distributes instructions to
proper data node. When a file is created it is actually divided into blocks of data, each going
into the same or separate data nodes. Therefore, another duty of name node is to map and store
the mapping of each block of data. Currently, HDFS only supports a single writer and multiple
reader architecture.
Name node performs the function like-it manages how files and directories will be stored
separately, provides access to the client.
Data node
Data node also has a commodity hardware having same operating system and data node
software. Each system in the cluster has a separate data node. These nodes help to store dataset
of each system separately. When the system starts each data node connects to the name node
and performs a “handshake” so that the system should have the knowledge of namespace id
which is given at the time of format. Once the handshake is done data node get registered with
the name node. It is provided to each system, the system with different id is not allowed to join
the group. If there is a new node without any id then it can join the group and gets the same id
as the group members. If the version of the data node doesn’t match that of the name node then
the system automatically shuts down.
It performs the function of read, writes according to the users need and also performs the
function of block, creation, deletion and replication according to the instruction of the name
node. If all the operations are performed well then data node will send the heartbeat to the name
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node whose default interval is of 3 seconds. Heartbeat carries the information about the total
storage capacity, storage in use, currently number of data transfers. This information is used by
name node for allocation and load balancing. If name node doesn’t get any heartbeat then it
considers that data node is out of service and the blocks created by that data node is
unavailable, so name node creates new replicas of that blocks.
Blocks
The data collected from users are stored in a file which is divided into two or more segments
known as blocks. It is the minimum amount of data that HDFS can read or write. The default
size of each block is 64MB but it can vary according to the HDFS configuration.
Client
Application accesses file system with the help of client. It has the right to perform operations
like read, write, create and delete on files and only create, delete operations on directories. User
doesn’t have any information regarding the servers and multiple replicas.
II. OPERATIONS
A. Start
To start HDFS
1. Format the configured HDFS
$hadoop namenode –format
2. Start DFS namenode
$start –dfs.sh
B. To list the files
To find the list of files present in directory run the following command
$ $HADOOP_HOME/bin/hadoopfs-ls<args>
C. Insertion
1. Create input directory
$ $HADOOP_HOME/bin/hadoopfs-mkdir/user/input
2. Transfer and store data file from local system to HFS
$ $HADOOP_HOME/bin/hadoopfs-put/home/file.txt/user/input
3. To verify the file
$ $HADOOP_HOME/bin/hadoopfs-ls/user/input
D. Retrieve
1. View the data
$ $HADOOP_HOME/bin/hadoopfs-cat/user/output/outfile
2. Get file from HDFS to local file system
$ $HADOOP_HOME/bin/hadoopfs-get/user/output/ /home/hadoop_tp/
E. Shut down
$stop-dfs.sh
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After the file is closed data cannot be deleted or changed, the file will reopen only for append
operation.
The client who requests to access the HDFS gets a lease for the file, no other client can request
the lease at the same time for the same file. The client can renew the lease by sending the
heartbeat to the name node. Lease is of 2 types-soft limit and hard limit. In soft limit if the lease
of the client expires before the client closes the file or renew the lease, another client can
preempt the lease. On the other hand, in hard limit if lease of client expires before the client
closes the file or renew the lease, the file will automatically get closed and the lease will be
renewed.
HDFS doesn’t guarantee that the new data will be visible to the users until the file is closed, to
display the new data user have to call the hflush operation.

Fig 2. Pipeline Diagram

The above fig.2 shows how the data is sent between the client and the data node. In this next
packet can be sent before getting the acknowledgment of the previous packet. When a client
opens a file to read, it fetches the list of bloc replicas from name node sequenced according to
their distance from the user. Client first opens the closest replica, if read attempts fail, the client
tries next replica in a sequence. A read may fail if the target data node is unavailable.
If a client is reading a file that is also open for writing, the length of the last block written is
unknown to the name node. In this case, client asks one of the replicas for latest length.
HDFS is built for batch processing systems like MapReduce.
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III.

MAP-REDUCE

A. Overview
MapReduce is the overall software framework that allows applications to implement processing
of data through a cluster of nodes through a distributed processing algorithm. The MapReduce
system is divided into two parts: Map and then Reduce. The mapping portion divides and
distributes a large job across the worker nodes of a cluster. When the previous portion is
complete, the reduce function aggregates all results and in a sense reduces them into one
complete whole. This final result is the answer to the original query.
It is a simple programming model that applies to many large scale computing programs. It
hides many details in map-reduce runtime library such as-automatic parallelization, load
balancing, network and data transfer optimization, handling of machine failures and robustness.
Improvement to the core library benefits all users of library.
B. Map-Reduce function
Mapping takes the unstructured data i.e. read from disk. the mapping function filter and extract
meaningful data from it and rearranges them into a format. They partition the output i.e. which
keys go to which reducer. Reducer expects the keys to be sorted for each list of all values.
Reducer takes this data and aggregates this. It processes the inputs from the map functions and
creates a new list to form the final output.
Data flow in Map-Reduce
For example- Word Listogram (pseudo-code)
o Map (String input_key, String input_value):
//input_key: document name
//input_value: document contents
For each word w is input values:
ExitIntermidiate (w,”1”):
o Reduce (String key, Iterator Intermediate_values);
//key: a word, name for input and output
// Intermediate_values: a list of count
Int result= 0
For each v in Intermediate_values:
Result += ParseInt (v):
Exit (As String (result)):
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Map-reduce library gathers all the pairs with the same key (shuffle/sort).
The reduce function combines the value for a key. In our case, compute the sum.
Output of reduce (usually 0 or 1 value) paired with key and is saved.
C. Parallel map-reduce
In this, one system acts as a master and other acts as its slaves. Input data splits into M map
tasks (typically 64 Mb in size). Reduce phase is partitioned into R reduce tasks. These tasks are
assigned to the workers dynamically.
Master assigns each map task to free workers. It considers locality of data to workers while
assigning tasks. Worker sends task input (often from local disk).Worker produces are local files
containing intermediate key pairs.
Then master assigns each reduce task to free workers. Worker reads intermediate key pairs
from map workers. Workers sort and applies users reduce to produce the output.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

IV. ADVANTAGES
It prevents the network to get overloaded.
Tasks are independent so it can handle the partial failure.
Economy by distributing data and processing clusters of commodity personal computers.
It is very reliable as the data is replicated multiple times and there are less chances of
data loss.
Streaming and Fast access of data.
It is portable across heterogeneous commodity.
It can be offered as On Demand service.
Simple programming model. The end-user programmer only writes map-reduce tasks.
It is simple and robust.
It has low cost per byte as it uses direct attached storage and shares the cost of network.
It has very high bandwidth so it can deliver data into the compute infrastructure at a hug
data rate.

V. DISADVANTAGES
1. Programming model is very restrictive.
2. In the cluster operations like debugging, distributing software etc are too hard to manage.
3. Not suitable for small business.
4. It has security and stability issues.
5. It is not utilized to its full potential due to scheduling delays.
6. It uses a disk in periodic pattern instead of using in a streaming pattern.
7. It is strictly portable, its performance is highly dependent on the behavior of underlying
software layers.
8. The implementation of HDFS runs less efficiently and has higher performance usage.
9. Hadoop was designed with batch job architecture and as such it does not provide real-time
access of data.
10. The Map Reduce framework is also not particularly faster than an indexed database.

218 J.C. Bose University of Science and Technology, YMCA, Faridabad

219

VI. CONCLUSION
Research on Big data emerged in the 1970s but has seen an explosion of publications since
2008. In conclusion, enterprises should be sure they need Hadoop before they attempt to
migrate their database system. Hadoop’s main advantage is its ability to take on large data sets
all while providing easy scalability. As such, it is when large clusters of data nodes are created,
that Hadoop starts providing the greatest return. With that being said, Hadoop and big data are
in today’s industry almost synonymous. After looking at all the key aspects that make Hadoop
what it is, we can easily see why.
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5.
6.
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Abstract
Today vehicle emission has become a challenge which is growing at a shocking rate. Twowheeler emit less emission because of their smaller engine size, but their large numbers on
roads makes them a major contributor of emission. In this research different types of mufflers
were analysed. It was found that their contribution in the emission reduction is very less.
Majority of the mufflers / silencer that are in existence are of combined absorptive and
reactive type. A design of combined unit for noise and emission reduction for muffler is
proposed. Analysis of the new proposed design which has a spiral flow in between noise
reduction units for particulate matter entrapment is done. Analysis indicates that a sizable
number of particles are entrapped in the unit.

Keywords
Silencer, Emissions, Particulate matter, Spiral, Pollutant absorber.

Introduction
Two wheelers are the most popular medium of transport in India. The trend of owing
two wheelers is due to its lower price, easy and quick movement in crowded areas, more
mileage / fuel saving for single person movement and less parking area requirement in
congested markets as compared to four wheelers. The two wheeler segment is the largest
contributor of emitting harmful emissions [1]. Two wheeler accounts for highest consumption
of petrol (61.42%), as compared to cars (34%) & three wheelers (2.34%) [1].The same is
shown with the help of the Figure 1.
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Fig 1. All India end-use shares (%) of petrol in retail [1]

In spite of being the major consumers of gasoline not much study / technology upgradation is
made at tail pipe emission for two wheeler segment. The undesirable emissions produced
during combustion of fossils fuels in internal combustion engine are un-burnt hydrocarbons
(HC), oxides of carbon (COx), oxides of nitrogen (NOx) oxides of sulphur (SOx) which are
responsible for environment degradation. Particulate matter responsible for global warming,
acid rain, smog respiratory, other health hazards has now a day’s become one of the major
pollutant.
Table 1 Petrol Engine Emissions in g/km [2]

Emission
Norm
BS-III
BS-IV
BS-VI
#

CO

HC

NOx

PM

2.3
1
1

0.2
0.1
0.1

0.15
0.08
0.06

na
na
6*1011#

Number of Particles per Km

Table 1 shows a comparative chart for different Bharat stage (BS) standards. BS VI emission
standards are set for Class 1-3 two-wheelers equipped with SI engines, which account for the
majority of the two-wheeled vehicle population in India. In the BS VI standards, an
independent tailpipe HC emission limit of 0.10 g/km is also introduced. In previous
regulatory stages, HC emissions from two-wheelers were regulated under a combined NOx+
HC standard. By setting independent emission standards for both HC and NOx, BS VI
emission standards will help to ensure that emission control strategies do not reduce
emissions of one pollutant at the expense of the other.
In BS IV norms Particulate Matter (PM) was not taken into consideration while in BS VI
norms, PM monitoring is mandatory. Norms for Spark Ignition (SI) and Compression
Ignition (CI) two wheeler engines are shown in table 2.
Table 2 Two wheeler Engine Emissions in g/km [3]

Type
SI Engine

CO
1

HC
0.10a

NOx
0.06

PM
0.0045‡

CI Engine

0.5

0.1

0.09

0.0045

221 J.C. Bose University of Science and Technology, YMCA, Faridabad

Therefore controlling the level of these parameters, the work has been carried out by making
use of emission reducing equipment and Silencer (resonator) respectively. The different
monitoring items are mandatory for BS VI are:
Monitoring item
a. Circuit continuity for all emission related power train components (if equipped)
b. Distance travelled since malfunction indicator lamp (MIL) ON
c. Electrical disconnection of electronic evaporative purge control device (if equipped)
d. Catalytic converter monitoring
e. EGR system monitoring
f. Misfire detection
g. Oxygen sensor deterioration
In present systems main aim of silencer of two wheeler is to reduce noise produced by the
engine. In the present research a silencer was designed and analysed for reduced PM
emission with improved / modified features.

Silencer technical details:
Rapid opening and closing of the inlet and exhaust valves of internal combustion engine
creates pressure waves which generates a lot of noise. This noise is undesirable. In order to
reduce it, mufflers are compulsory device to adopt with the strict environmental regulations.
At higher speeds and loads the exhaust manifold pressures is above atmospheric pressure.
These pressure waves propagate at speed of the sound relative to the moving exhaust gas,
which escapes with a high velocity producing an objectionable exhaust noise. A properly
designed exhaust silencer accomplishes the muffling of this exhaust noise.
The silencer internal structure consists of perforated tube, outer shell, non return valve,
baffles and absorbing material. Perforated tubes are made up of stainless steel and have holes
drilled around its periphery. These tubes are provided to guide the flow and hence their main
function is to reduce the backpressure of the engine. As the diameter of the perforated tube
hole increases, the backpressure decreases. [4]. The entire setup is kept inside the outer shell
which is made up of iron or steel. The purpose of the non return valve is to allow fluid to
flow through it in only in one direction. Corrosion resistant material like carbon fibre, glass
fibre, and stainless steel are used for manufacturing the silencer [5].

Fig 2 Existing actual silencer [6]

Deigns of Silencer
Silencer design can be classified into three types
1. Reactive Silencer
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2. Absorptive Silencer
3. Combination of reactive and absorptive silencer
Reactive (Reflective) silencers:
A reactive silencer usually consists of a series of resonating and expansions chambers that are
designed to reduce the sound pressure level at certain frequencies as shown in the figure 2 &
3. Where in Sound is attenuated by reflection and cancellation of sound waves

Figure: 3.Reactive muffler design

Figure: 4 Absorptive muffler design

The inlet and outlet tubes are generally offset and have perforations that allow sound pulses
to scatter out in numerous direction inside a chamber resulting in destructive interference.
Absorptive (Dissipative) silencers:
It consist of fibrous or porous sound-absorbing materials which lessen noise by converting
the sound energy propagating in the passages into heat caused by friction in the voids
between the oscillating gas particles and the porous sound-absorbing material. These
silencers have comparatively large noise reduction features at middle and higher frequencies.
The sound absorbing materials are held in position by the use of a perforated metal liner.

Fig:5 Absorptive silencer design [6]

3. Combination of reactive and absorptive silencer:
This utilizes the principle of both reactive and absorptive silencer where in sound is
attenuated by reflection and cancellation of sound waves along with absorption. Figure 6 (a &
b) shows working of the combination of this type of silencer.
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a. Actual

b Internal design
Figure 6: Combination of reactive and absorptive silencer

Parameter Considered for Designing a Silencer:
The different parameters that are taken into account while designing a silencers are:
a. Adequate insertion loss
b. Minimal backpressure,
c. Compact

d. Robust,
e. No much costly
f. Aesthetically pleasant.

The design of muffler depends on type of engine, degree of noise reduced and size of
silencer; size selected must satisfy the specified volume of exhaust gas flow keeping the back
pressure within the specified limit. The available space has a great influence on the size and
type of muffler may be used. Larger muffler having more weight and involves high cost. A
muffler’s mounting system not only needs to support the mufflers weight but also needs to
provide vibration isolation so that the vibration of the exhaust system is not transmitted to the
chassis and then to the inside cabin [7].

Insertion loss & back pressure:
Insertion loss is defined as the difference between the average sound pressure level
occurrences at the entry to the muffler to that of the transmitted by the muffler. The
difference between mean exhaust pressure and the atmospheric pressure in the exhaust pipe is
defined as back pressure [8]. The exhaust valve opens a few degrees before the piston reaches
the bottom dead centre (BDC) during the expansion stroke and closes a few degrees after the
piston reaches the Top Dead Centre (TDC). The burned-out gasses are exhausted only during
about one-third of the total cycle time. Therefore, the rest of the time, the exhaust pipe has a
closed end termination on the engine side and has the muffler and the atmospheric
termination at the other end, by which the mean exhaust pressure moves up and down,
creating exhaust pulses with a frequency in accordance with the number of cycles completed
in a second. This frequency is called the firing frequency and it is dependent on the number
of cylinders of the engine and the firing order of the cylinders. The higher the back pressure
created by the exhaust system, the less is the net power available on the crankshaft and hence
the more is the specific fuel consumption. The amount of power loss depends on many
factors, but a good rule-of-thumb is that one inch (25.4 mm) of mercury backpressure causes
about 1.0% loss of maximum engine power.[8] Back pressure is the additional static pressure
exerted by the muffler on the engine through the restriction on the flow of exhaust gases.
Back pressure should be kept to a minimum to avoid power losses and for better
performance. Absorptive type muffler creates less backpressure as compared to other types of
mufflers. In a reactive muffler where good reduction is achieved the exhaust gases are forced
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to pass through various area discontinuities and a fair amount of backpressure may be
produced, which reduces the power output of engine. Absorptive type muffler creates less
backpressure as compared to other types of mufflers.

Techniques for emission reduction through silencer
Catalytic Convertor:
Noble metal salts ZrO2 and CuNO3 are used as catalyst for reduction in CO and HC for two
wheelers because of cost advantage (Pt Pa and Rh more expensive) [9] [10]. Nano particle as
a catalyst in catalytic converter was used by Thakur and saikhedkar [11].
Exhaust Gas Recirculation:
Vishwas etal., (2014) [12] Controlled the amount of NOx and HC emission by EGR
(Exhaust Gas Recirculation).
Exhaust Manifold Position:
Panchal et al (2014) [13] discuss the effect of exhaust back pressure by changing the
position of exhaust manifold and found the impact on emission like CO,HC at various RPM.

Pollutant absorber:
]Elango et al., (2016) [16] used pollutant absorber device in two wheeler to control the
harmful gases like CO, CO2 and HC in the exhaust .A chemical mixture is placed in the
device to convert the absorbed gases into a useful chemical that has market value. [4]Neve,
A. et al., (2017) introduced the role of water and activated charcoal in silencer to reduce the
sound intensity as well as exhaust emissions. Abhiram Saraf [15] has done studies on aqua
silencers where in they were able to reduce the level of HC and PM with this technique.

Experimental Set up
Silencr of Splendor bike was taken as the base model because this bike segment covers to
50% of the market cap. The cut section of selected silence is shown in figure 7

Figure 7 Cut section of the Selected Silencer

Fig 8 3D Model of existing design

Fig 9 Proposed Design
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The 3D Model of the existing design is prepared and is shown in figure 8. The proposed
design consists of a spiral perforated tube mounted between region 1 and 2 as shown in figure
9. The portions between 1 & 2, has a detachable outer covering. Elaborated view of the spiral
duct is shown in the figure 10. It is proposed that emission moving out with high velocity at
point 1 enters the spiral duct that has holes towards its exterior end towards wall. The
emission which has PM with it rotates inside spiral and because of the centrifugal action
heavier PM will be deposited on to the walls passing through the exterior holes. The spiral is
made detachable so that depots that are accumulated on the surface can be removed at regular
intervals.

Fig 11 Layout of Spiral Duct.

Fig 12 Testing of Silencer

The design was tested in the laboratory as shown in figure 12. For the proposed designed
muffler is tested on engine with the following specification:
a.
b.
c.
d.
e.
f.

Engine Model:
Bore (D)
stroke (L)
No of cylinders
Max. RPM (N)
Vs

TVS Vehicle
53.5 mm
48.8mm
1
7500 rpm
109.7 cc

The engine was tested for different loading. It was observed at higher loading and RPM more
deposits of organic compounds and PM was on the surface as compared to lower loading and
RPM. The proposed design thus can lower PM from emission.

Conclusion
The designs of different types of silencers were studied. A new spiral duct design is
proposed. The design was tested on an engine for validation for commercial applications. The
results indicates that the detachable deign will serve purpose for removal of PM.
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Abstract
Figuring out the current location, the destination point, and locating the next point towards the
destination is probably one of man’s oldest pastimes. Over the years, different technologies have
tried to simplify this task such as Celestial Techniques, Landmark Techniques, Satellite
Navigation Technique and so on. Route Prediction is also dealing with this, predicting the next
point towards the destination from the current location of the individual. It is playing an
important role in our daily lives such as Driving Navigation, Vehicular turn prediction, Route
Recommendation, Route Planning, VANET and so on. This paper gives a detailed survey of
some recent algorithms of route prediction used by them.

Keywords
Data Mining, Route Prediction, GPS, Map Matching, Map Reduce, Probabilistic Model,
Trajectory

Introduction
In our daily lives, we found that most people have route patterns which comprised of journey of
repetitive nature, for instance, an employer goes from home to auto stand, auto stand to metro
station, metro station to office. This is the small part of his journey, which he generally follows
during the weekdays in the morning. Suppose that employer is at home then his next predicted
destination would be auto stand. After auto stand, the next point towards his destination would be
metro station and after metro station, employer reaches to the office, final destination.
The prediction of route of a person is possible from his/her past traveling history [7],[8]. Using
Global Positioning System (GPS) logs [7] route patterns of different individuals can be learned.
The GPS logs provide a useful basis to learn the route patterns of people [7]. Data from different
people can easily be collected using Smartphones [4],[5],[7],[8]. Powerful sensors are
incorporated by smartphone [4],[7] that helps in data collection. At different instances of time,
data are collected from different people and is represented as ( x10 ,x 20 , t0 ) , ( x11 ,x21 , t1 ) , … ,
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( x1n , x2n , tn ) where (x1k ,xL2k , tk ) is user’s location at time tk where 0<k<n . Different methods
and algorithms are applied on this historical data to predict the route of an individual.
The applications of route prediction are intelligent transportation system [6],[8], resource
prediction in grid computing [1],[3],[6], vehicular ad-hoc networks [3],[6], navigation system
[2],[18], recommendation system [19], traffic congestion estimation [2],[3],[6], transportation
system [20], and so on. It plays an vital role in our day to day life, for example, route-specific
traffic information [11] and better route advice [12],[21],[22] can be presented to drivers. F.
Minett et. al. [14] have shown that fuel consumption can be reduced and a better way of
travelling can also be provided by Eco routing. Researchers from Nissan Motor Company
Limited (A Multinational Automobile Manufacturer) [9] have shown that it is possible to
improve hybrid fuel economy by up to 7.8% if the route of a vehicle was known in advance. Tate
and Boyd [15] have also explored the optimal control scheme for a hybrid assuming the route is
already known.
In this paper, different existing methods of route prediction have been discussed. The methods
have been compared with each other to have the future aspects in the discussed area. The
remainder of this paper is organized as follows, Section I gives the introduction of route
prediction, Section II gives a detailed survey of some recent route prediction algorithms, Section
III presents a comparison study of different techniques and algorithms and Section IV concludes
the research paper.

Literature Survey
Sudhir Kumar Adlakha et. al. [1] build an application from source to destination using
Probabilistic Generalized Suffix Tree (PGST) which is probabilistic in nature. They implemented
this algorithm using Map-Reduce framework and Map Matching to predict the route of an
individual on a distributed environment. They used the dataset collected in Geolife project [17]
for its implementation. Microsoft Research implemented this Geolife project. The process of
digitizing road networks [13],[23],[25] from raw GPS traces known as Map Matching.
Examining each location of a user is the main purpose of this method [5],[25-28]. A function
used for the Implementation of map matching is given by (1).
𝑓((𝑥1 , 𝑦1 , 𝑡1 ), (𝑥2 , 𝑦2 , 𝑡2 ), … , (𝑥𝑛 , 𝑦𝑛 , 𝑡𝑛 )) → 𝑆

(1)

where, sequence S = ei , ei+1 , ... , ei+n ϵ E, E= the edges of the road network.
This mapping of data on single network edge reduces the database size. Map Reduce is used to
segment the input data into chunks for parallel execution in distributed environment. Then these
chunks are distributed among the nodes of distributed system. This framework incorporates two
modules namely, Mapper module and Reducer Module. Each node of the distributed
environment is having a chunk of data on which mapper module is applied. It counts the number
of occurrences of suffix of fragments. As a result < suffix, (count) > pairs are obtained. The
output of each node produced by mapper is grouped appropriately by the map reduce framework
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like < key, values list>. The summation of all the values present is the list corresponding to each
key is done by reducer module. Finally, a probabilistic generalized suffix tree is constructed
using algorithm 1 and algorithm 2 to predict the route of a person in a distributed environment.

Algorithm 1 Algorithm for Mapper function – Context and frequency calculation of local
partition
Input: Chunks S’ of data string S and context length = (d)
Output: Data map M’ of all suffixes including target symbol σ with frequency M’ (suffix, count)
Algorithm:
1) Instantiate an empty map M’.
2) Scan over X from left to right and for each substring S’ of length | S’ | = d + 1 :
I.
If S’ ϵ M’ then insert S’ as key and 1 as value into map M’.
II.
If S ϵ M’ then increment value by 1 for key M’ ( S’ ).
3) Send data map M’ to reducer function.

Algorithm 2 Algorithm for Reducer function – Generalized Suffix Tree Construction
Input:
Maps
of
suffixes
with
frequency
from
mapper
modules
𝑀′𝑥 ( 𝑠𝑢𝑓𝑓𝑖𝑥, 𝑐𝑜𝑢𝑛𝑡), … , 𝑀′𝑥+𝑘 (𝑠𝑢𝑓𝑓𝑖𝑥, 𝑐𝑜𝑢𝑛𝑡).
Output: Generalized Suffix Tree
Algorithm:
1) Instantiate an empty map T.
2) For each map M’, i ϵ 𝑀’ 𝑥+𝑘 ( 𝑠𝑢𝑓𝑓𝑖𝑥, 𝑐𝑜𝑢𝑛𝑡 ) ∀ 0 ≤ 𝑖 ≤ 𝑘
3) For each suffix 𝑥𝑖 , 𝑐𝑜𝑢𝑛𝑡 𝜖 𝑀′𝑖
I.
Traverse tree till any branch has overlap with suffix 𝑥𝑖 , and increment each node
by 𝑐𝑜𝑢𝑛𝑡𝑖 .
II.
For remaining alphabets of suffix 𝑥𝑖 fork a branch starting last node till where
overlap was found in step 1.
III.
For each node in new branch set count equal to 𝑐𝑜𝑢𝑛𝑡𝑖 .
4) Return resultant tree T.
Shun Taguchi et. al. [2] proposed a novel online map matching method with route prediction.
This method is predicting and estimating the future routes using the probabilistic route prediction
model. Replacing future GPS points with a probabilistic route prediction model is the main idea
of this method i.e. predicting routes without using probability. In this method, the candidate of rk
is predicted from the previous route rk-1 by using the route prediction model, then rk is updated
and determined by using an observation model with a current observation gk. The route
prediction model is based on a Markov model that describes route transition probability
𝑃( 𝑟𝑘+1 | 𝑟𝑘 ). The route transition probability is represented by (2).
𝑃( 𝑟𝑘+1 | 𝑟𝑘 ) = ∑𝜏 𝑃( 𝜏 )𝑃( 𝑟𝑘+1 | 𝑟𝑘 , 𝜏 )
where, p(τ) is the edge transition probability 𝑃( 𝑒𝑖 → 𝑒𝑖+1 ) represented by (3) & (4).
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(2)

𝑃( 𝜏 ) = ∏ 𝑃( 𝑒𝑖 → 𝑒𝑖+1 )
𝑃( 𝑒𝑖 | 𝑒𝑗 ) =

(3)

𝑁( 𝑒𝑖 → 𝑒𝑗 )+ 1

(4)

∑ 𝑁( 𝑒𝑖 → 𝑒𝑗 )+ 𝑁𝑗

where N( ei → ej ) is the number of transitions from ei to ej in the training data and Nj is the
number of road segments connected from ei.
GPS observation Model is modeled as (5):
𝑟 −1

𝑃( 𝑔𝑘 | 𝑟𝑘 ) = ∫0 𝑘

1
√2𝜋𝜎𝑔

dist( gk ,x)2

𝑒𝑥𝑝 (

2σg

) 𝑃(𝑥)𝑑𝑥

(5)

where dist( gk , x ) is the Euclidean distance between gk and x on a road segment rk and σg is the
variance of the observation error.
Implementing online map matching with the help of Bayesian filtering. Bayesian filtering-based
map matching consists of both prediction and filtering. This model significantly improves the
accuracy of online map matching without any latency, unlike the Hidden Markov Model (HMM)
based approaches that uses future coordinates, which is a notable advantage for real-time
applications.
Vishnu Shankar Tiwari et. al. [3] built a model using Context Tree Weighting (CTW) which is
probabilistic in nature. To construct Context Tree Weighting (CTW) model, time stamped GPS
traces are collected over a long period of time. Then GPS traces are segmented into smaller units
called trips [13]. Trips mapped to road network graph using map matching process which
identifies the object locations on road network graph. CTW is widely used in various
applications in the area of data compression and machine learning [10]. Map Reduce
computation framework is used for its implementation. The proposed technique consists of two
phases. In the first phase, all contexts of 𝑙𝑒𝑛𝑔𝑡ℎ ≤ 𝑑 are computed where 𝑑 denotes the number
of edges in the trip. It is also known as Mapper module. Key-value pairs are the output of the
mapper modules where key denotes the context and value denotes the frequency. It is emitted as
a input to the reducer. Even before sending output of mapper module to reducer intermediate
computations are performed in which the output of all mapper modules are grouped together. If
multiple entries exist for the same key then consolidation is done [31]. In case of huge amount of
data and data does not fit into memory then data is periodically written to disk [24]. Reducer
does the summation of all values and finally CTW tree constructed using algorithm 3.

Algorithm 3 Algorithm – CTW Tree Construction
Input: Map M’ of all contexts including target symbol σ with frequency f (context, count)
Output: CTW Tree with frequency
Algorithm:
1) Instantiate an empty tree T.
2) For each <key, value> pair <contexti, counti > M’, i ϵ 𝑀′ ( 𝑐𝑜𝑛𝑡𝑒𝑥𝑡, 𝑐𝑜𝑢𝑛𝑡 )
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Traverse tree T till any branch has overlap with 𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖 , and increment each
node by 𝑐𝑜𝑢𝑛𝑡𝑖 .
II.
For remaining alphabets of 𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖 fork a branch starting last node till where
overlap was found in step I.
III.
For each node in new branch set count equal to 𝑐𝑜𝑢𝑛𝑡𝑖 .
3) Return resultant tree T.
I.

Seongwon Min et. al. [4] proposed a real time path prediction and grid-based model to predict
the path of a pedestrian. Recursive Least Square (RLS) algorithm, one of the adaptive
algorithms, is used by them to predict the path. It does ‘forward prediction’ i.e. predicting future
data points using historical travel data. Fig 1 and fig 2 shows the flow chart of proposed method
and the proposed method respectively. This algorithm is responsible for estimating the next
location point of the individual from GPS logs. GPS logs contain the following data such as
location traces in the form of longitude and latitude, speed and direction of a person, and
environment variables (for instance, day, date and time). RLS algorithm is applied on these logs
and prediction will be done in linear form. The basic RLS algorithm used is given by (6), (7) and
(8).
Input data:{(𝑥, 𝑦)|(𝑥𝑖 , 𝑦𝑖 ), (𝑥𝑖+1 , 𝑦𝑖+1 ), … , (𝑥𝑛−1 , 𝑦𝑛−1 ), (𝑥𝑛 , 𝑦𝑛 )}
f(𝑥𝑛+1 ) = 𝑦𝑛+1 = 𝛼𝑥𝑛+1 + 𝛽
𝛼=
𝛽=

𝑛
𝑛
𝑛 ∑𝑛
𝑖 𝑥𝑖 𝑦𝑖 −∑𝑖 𝑥𝑖 ∑𝑖 𝑦𝑖
𝑛
2
𝑛 ∑𝑛
𝑖 𝑥𝑖 − (∑𝑖 𝑥𝑖 )

2

𝑥𝑛+1

(6)
(7)

𝑛
∑𝑛
𝑖 𝑦𝑖 − 𝛼 ∑𝑖 𝑥𝑖

(8)

𝑥𝑛+1

Prediction of path is successful when pedestrian path and the measured GPS is having the same
direction. But, RLS is causing error when the measured GPS and the pedestrian direction is
different. Improving this problem by applying following algorithm.
If 𝑑𝑎𝑣𝑔 ∗ 0.9 > 𝑑𝑝

𝑜𝑟 𝑑𝑎𝑣𝑔 ∗ 1.1 < 𝑑𝑝

𝐿′𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛→𝑙𝑜𝑛
cos 𝜃
(
)= (
𝐿′𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛→𝑙𝑎𝑡
sin 𝜃

− sin 𝜃 𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛→𝑙𝑜𝑛
)(
)
𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛→𝑙𝑎𝑡
cos 𝜃

where 𝑑𝑛 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝐿𝑛 , 𝐿𝑛−1 )
𝑑𝑝 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝐿𝑛 , 𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛−1 )
𝑑𝑎𝑣𝑔 =

𝑑𝑛 + 𝑑𝑛−1 + 𝑑𝑛−2 + 𝑑𝑛−3
4
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(9)
(10)

𝜃 = atan (

(𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛−1 →𝑙𝑎𝑡 − 𝐿 𝑛−1 →𝑙𝑎𝑡 )

(𝐿
− 𝐿𝑛−1→𝑙𝑎𝑡 )
atan ( 𝑛→𝑙𝑎𝑡
⁄(𝐿

𝑛→𝑙𝑜𝑛

⁄

(𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛−1→𝑙𝑜𝑛 − 𝐿𝑛−1→𝑙𝑜𝑛 )

)−

− 𝐿𝑛−1→𝑙𝑜𝑛 ))

When 𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛 is predicted by {𝐿𝑛−3 , … , 𝐿𝑛 }, if Eq. (9) is satisfied, 𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛 is corrected by
using Eq. (10). When 𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛 is corrected, the 𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛 is also automatically corrected by
the RLS algorithm.

Collection of current
movement path

Past Path
correction

Path prediction
Algorithm

Data Modelling of Movement
Path

Prediction of Next Location

Fig. 1. Path Prediction Flow Chart

Cell Group

Environmental Variable
EVa

EVb

Equation Matching

EVa

𝛼%

{𝛼𝛽 : 𝛾𝛿 }

𝛽%

Fig. 2 Path Prediction Model
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Mingqi Lv et. al. [5] proposed a personal trajectory data mining framework. This framework
incorporates two parts namely trajectory abstraction and frequent pattern mining. They have
focused on both trajectory of vehicles and trajectory of individual people. The trajectory of
individual people consists of high degree uncertainty than that of vehicle trajectory. Trajectory
preprocessing and common segment discovery are the two constituents of trajectory abstraction.
Preprocessing the raw GPS trajectory includes three parts: cleaning, reconstructing and
compressing. To clean the trajectory data, a maximum speed based filtering method is adopted. If
instant speed is greater than the maximum speed threshold 𝜆𝑠𝑝𝑒𝑒𝑑 then it will be removed from
the original trajectory. To reconstruct the original data, classify the trajectory data into two parts:
user stops at a place or user turn off the data recording device. If user stops at a place, time-based
clustering algorithm [29] is used for visit point extraction and is used to detect the visit points
and to divide each visit point. If user turn off the data recording device then check the time gap
between two adjacent locations and further divide an obtained trip if gap exceeds than threshold
𝜆𝑔𝑎𝑝 . Adopting a line simplification technique to convert the point-based trips to line based trips
for compressing the trajectory. Set of line-based trips are the output of this trajectory
preprocessing. Grouping phase and partitioning phase are the two phases of common subsegment discovery. A line clustering algorithm is used to identify candidate line clusters which
can accommodate the common sub-segments. For partitioning phase, a sweep line based
approach [30] is used to sub-segment clusters. Trajectory abstraction converts the original GPS
data into transaction databases. After this, Spatial Continuity based Pattern Mining (SCPM) i.e.
algorithm 4 is applied to this transactional databases to generate longer and more complete route
pattern from the abstracted personal trajectory data.

Algorithm 4 SCPM Algorithm- for route pattern mining
Input:
1. A set of cluster temporal sequences CTSS;
2. A set of all sub-segment clusters CS;
3. Two parameters 𝜆𝑟𝑎𝑑𝑖𝑢𝑠 and min _𝑠𝑢𝑝
Output: A set of route patterns PS
Algorithm:
1. Construct a hash table 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑖𝑡𝑦_𝑚𝑎𝑝 for CS according to 𝜆𝑟𝑎𝑑𝑖𝑢𝑠
2. Prefix 𝑎𝑙𝑙_𝑝𝑟𝑒𝑓𝑖𝑥𝑒𝑠 = Ø
3. Initialize the set of projections init_projs based on CTSS
4. 𝐸𝑥𝑡𝑒𝑛𝑑𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (Ø, 𝑖𝑛𝑖𝑡𝑝𝑟𝑜𝑗𝑠 )
5. for each prefix prefixi in 𝑎𝑙𝑙_𝑝𝑟𝑒𝑓𝑖𝑥𝑒𝑠 do
6.
Generate route pattern 𝑝𝑖 based on prefixi, and append 𝑝𝑖 to PS
𝐸𝑥𝑡𝑒𝑛𝑑𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑝𝑟𝑒𝑓𝑖𝑥 𝑐𝑢𝑟_𝑝𝑟𝑒𝑓𝑖𝑥, 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑜𝑛𝑠 𝑐𝑢𝑟_𝑝𝑟𝑜𝑗𝑠)
7. frequent singular items𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒_𝑖𝑡𝑒𝑚𝑠 = Ø
8. if 𝑐𝑢𝑟_𝑝𝑟𝑒𝑓𝑖𝑥 == Ø then
9. for each cluster 𝑐𝑖 in CS do
10.
if 𝑐𝑖 appears in more than min_sup projections in cur_projs then
234 J.C. Bose University of Science and Technology, YMCA, Faridabad

11.
Append 𝑐𝑖 to candidate_items
12. else
13. Get sub-segment cluster sc corresponding to the last item in cur_prefix
14. A set of sub-segment clusters continuity_clusters = continuity_map[sc]
15. for each cluster 𝑐𝑖 in continuity_clusters do
16.
if 𝑐𝑖 appears in more than min_sup projections in cur_projs then
17.
Append 𝑐𝑖 to candidate_items
18. for each item itemi in candidate_items do
19. Concatenate cur_prefix and itemi to generate a new prefix new_prefix
20. Append new_prefix to all_prefixes
21. new projections new_projs = Ø
22. for each projj in cur_projs do
23.
Get the subsequence of projj from itemi to the end as the new projection new_proj
24.
Append new_proj to new_projs
25. if 𝑛𝑒𝑤_𝑝𝑟𝑜𝑗𝑠 is not empty then
26.
𝐸𝑥𝑡𝑒𝑛𝑑𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑜𝑛 (𝑛𝑒𝑤𝑝𝑟𝑒𝑓𝑖𝑥 , 𝑛𝑒𝑤𝑝𝑟𝑜𝑗𝑠 )

Comparison Study
Year
2019

2018

2018

Author
Sudhir Kumar
Adlakha et. al.
[1]
Shun Taguchi
et. al. [2]

Vishnu
Shankar
Tiwari et. al.
[3]

Algorithm
PGST

MHT

CTW

Full Form
Probabilistic
Generalized
Suffix Tree
Multiple
Hypothesis
Technique

Context Tree
Weighting

Advantages
Horizontally
Scalable
Algorithm runs
faster for short
distances.
It can be easily
applied for
non-constant
sampling
interval data as
training
parameters
does not
depend on the
sampling
interval.
Distributed
cluster
processing time
reduces.

Disadvantages
Not predicting
path for new
routes.
As Sampling rate
increases,
computation time
increases
exponentially.

During CTW
model training
phase data was
sourced from
HBase for
distributed
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2017

Seongwon
Min et. al. [4]

RLS

Recursive Least
Square
Algorithm

2015

Mingqi Lv et.
al. [5]

SCPM

Spatial
Continuity based
Pattern Mining

It predicts path
of the
unspecified
persons in
Vehicle to
Pedestrian
(V2P)
environment.
Effective and
efficient
framework.

processing as that
was the most
time-consuming
process and is a
bottleneck in
practical
implementation.
It does not predict
routes for long
distances.

Scalability is not
achieved by this
algorithm

Conclusion
Prediction of a route is having a great importance in our daily lives. Route prediction has many
applications such as Route planning, Route recommendation, Traffic Congestion estimation,
etc. Some authors proposed a prediction model for short distances and some proposed
algorithms for long distances while some authors taken personal routes into consideration or
some authors taken driver route prediction into consideration but scalability and accuracy are
the main concern by the authors. In this paper, a considerable survey on various route prediction
methods and algorithms has been carried out such as CRPM, RLS, SCPM, CTW, etc. Each of
these methods having its pros and cons has been tabulated which can be used to carry out
prediction tasks
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ABSTRACTLimited petroleum reserves and unwanted climate change are the major challenges, the world
is currently facing. Therefore, exploring the potentials of natural gases could be a
breakthrough discovery in the field of alternative fuels. Many convenient alternatives have
been explored till now like bio-alcohol, non-fossil natural gas, non-fossil hydrogen, biofuels
(biodiesel, straight vegetable oil [SVO]), synthetic fuels, etc. CNG is being used widely
because of its lower maintenance costs and lesser emissions like NOx, CO, PM, etc. as
compared to petroleum fuels like petrol, gasoline diesel, etc.
However, at some levels, it has been evident that using CNG as a fuel in diesel engines poses
some challenges like spacing for its installation in vehicles, lack of refuelling stations and
time for each refuelling, but is the environment as a major concern, they can be laxed. All
these factors have impelled scholars to carry out their research on exploiting CNG as a
potential alternative fuel.
In this paper, a survey of research papers on the utilization of Compressed Natural Gas and
blends of oil in the Internal Combustion Engine along with its effects on the performance and
emissions is done.
Keywords: CNG, Emissions, Ethanol, Performance.
INTRODUCTION
Compression-Ignition Engines are extensively used on the earth because of their efficiency of
combustion, effectiveness in cost, and versatility. Currently, Compression ignition engines
are working with traditional crude oil derivatives [1]. CI engines proved to be a major source
of NOx and Particulate Matter (PM).pollutants Due to NOx formation, it generally devotes to
the evolution of smog and acid rain along with this it affects the tropospheric ozone [2].
Moreover, World Health Organisation has recognized these emissions as carcinogenic in
nature as on June 12, 2012[3]. As a result emissions governances are become progressively
rigorous to curtail these inimical emissions. From another perspective, with the escalation in
the population, the world nowadays facing a severe problem of air pollution along with their
increasing demand for energy. In today’s scenario, alternative fuels are used prominently in
order to fulfill the increasing demand for energy. The designed purpose of Alternative Fuels
is to lessen the impact on the habitat and also reduce the usage of current conventional fuel
[4]. Natural Gas which is commonly known as a green fuel, has appeared as an answer to
drain out resources of crude oil as well as crumbling the problems of the quality of urban air.
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The industry of Natural Gas produces gas from sour gas, coal-bed methane, methane gas
hydrate, etc. [5]. Compressed natural gas (CNG), liquefied petroleum gas (LPG) and
liquefied natural gas (LNG) are the known three sets of natural gas. The main difference
between LNG and CNG is that the former one is made by refrigerating the natural gas while
the latter one is in gaseous form. Hence, the density of LNG is much more than CNG, it
means LNG is good for heavy-duty trucks that need to go a large distance with a less fuel
consumption rate. LPG is also known as propane or butane, flammable mixtures of
hydrocarbon gases. At room temperature these hydrocarbon gases are present in gaseous
form but convert into liquid form when compressed. Natural gas has the potential to reduce
the level of NOx and produces almost zero smoke and PM [6, 7].
CNG has some extraordinary benefits when contrasted with diesel and gasoline. Gas engines
are the consequences of abundance of gaseous fuels and the need for using them for power
generation. Modern engines are nothing, but reformed versions of the traditional compression
ignition engines, which operate on gas by making some minor alternations in design of
engines viz. adjusting the compression ratio, valve timing, and combustion chamber. When
optimized, lesser carbon monoxide is expected to be released, which is very noxious to the
environment.
A very promising property of Natural Gas is knocking tendency is very less. As compared
with conventional gasoline and diesel engine. Its lower methane number value is attributed to
this less knocking tendency under normal situation. As compared to the traditional gasoline
engines, the thermal efficiency would be higher if it is used in an engine having a higher
compression ratio. Nowadays, natural gas has been engaged as an ancillary fuel, extensively
used in diesel engines for its economic and environmental benefits [8-12].
CNG- A promising alternative fuel
CNG is the combination of several hydrocarbons present in gaseous form, an amount of
about 80%-90% of methane gas with some traces of ethane, propane and Nitrogen gas.[13].
The use of methane in vehicles has been started since the 1930s [14]. The ignition of the
CNG is very clean and emits less carbon dioxide than other derivatives of petroleum fuel.
CNG is made by compressing the natural gas to less than 1% volume of it covers at SP
(standard pressure) conditions.
Physicochemical properties of CNG
The main sources of the CNG are Agriculture waste, Human waste, Garbage. CNG is a
combination of several gases. This mainly encloses some low weighted alkanes such as
Marsh gas, ethane, propane, butane, etc. It also contains some gases like carbon dioxide,
nitrogen, hydrogen, oxygen, sulphur and many more. Table 1 lists the fundamental
composition of Compressed Natural Gas (CNG) [15]. Similarly, there is a comparison of the
physiochemical properties between CNG, Diesel, and Petrol are listed in Table 2 [16].

.
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The configuration of the CNG is given in the below Table no. 1
Table 1: Composition of CNG, source PETRONAS
Symbol
CH4
C2H6
C3H8
C4H10
CO2
N2
(H2, O2, S, etc.)

Component
Methane
Ethane
Propane
Butane
Carbon Dioxide
Nitrogen
Others

Volumetric Composition %
94.2
2.29
0.03
0.25
0.57
0.44
2

Table 2: A comparative study on the properties of CNG, diesel and gasoline.
Properties
Petrol
85-95
Octane/cetane rating
109
Molecular mass (kg/mol)
43.5
L.H.V (MJ/kg)
3
42.7
Combustion Energy (KJ/m )
2150
Adiabatic Flame Temp. (°C)
Flammability limit in air (vol% in 1.4-7.6
air)
310
Kindling point (°C)
0.5
Flame propagation Speed (m/s)

Diesel
45-55
204
42.7
36
2054
1-6

CNG
120-130
17.3
47.5
24.6
1890
4.3-15.2

220
-

650
0.41

As we observe from Table 2 the Auto-ignition temperature of CNG is much more than diesel
hence it is very difficult to use CNG in the Compression Ignition Engine. On the other hand,
due to its admirable anti-knock quality, it is very convenient to use in spark-ignition engine
with no more requirement in changing the engine design.
Usage of CNG in CI Engine
CNG usage in conventional diesel engine is still difficult because of poor combustion
characteristics as of its high kindlingpoint and low cetanerating. But this difficulty level can
be low by applying any one of the following given methods:1. Dual Fuel--- In this method, initially gaseous fuel i.e. CNG is entered into the engine
cylinder with the external air. After this, a compression process begins as in traditional diesel
engines having only diesel fuel (no-CNG). As we know that CNG has a high kindling point
hence this mixture does not burn easily [17]. For starting the combustion phenomenon, a
lower quantity of diesel fuel is injected in the cylinder as in a traditional compression ignition
engine when the compression stroke is going towards completion. After compression stroke,
the injected diesel fuel auto ignites and burns the entire mixture present in the engine
cylinder. Fig. 1 shows the process diagram of the above-listed process.
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Fig. 1 Structural Outline of Dual Fuel System
2. High-Pressure Direct Injection-Combustion of natural gas can be done by
injecting a small amount of pilot diesel, keeping in mind the fact that the natural gas should
be entered a little late than this pilot fuel, in the cylinder. The pilot injection can be occurred
by the use of separate injector [19]. Several results showed that thermal efficiencies can be
the same as that of conventional diesel engine and emissions can be quite low. One report
indicates that the smoke can be reduced by a factor of 2-3 [20]. Fig. 2 shows the actual thing
happens inside the engine cylinder when working with natural gas [21].

Fig. 2 Process diagram of the high-pressure direct injection system

3. Hot surface compression ignition---- In this approach, the hot interior of the engine
cylinder is impinged with CNG at the end of the compression stroke. Generally, this hot
surface inside the engine cylinder is glow plug having a temperature range of 1200-1400K
[22, 23]. However, the most dominant features of this method are high thermal efficiency and
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specific power without knocking. But there is a problem with this method, on the application
of the high temperature on the surface thermal stresses will be developed and may cause
erosion, corrosion, fatigue [23].
With the above discussion, we conclude that natural gas can be used in a conventional diesel
engine is the most promising technology to reduce emissions that affect the environment
critically.
Combustion Characteristics-.Ignition of a variety of fuels within a cylinder plays a key role
in affecting the performance of an engine and the pollutants it emits. The kind of fuel used is
a major factor that depends the combustion of an engine. In a diesel engine, it is controlled
diffusion type combustion. On the other hand, when CNG is used instead diesel, it is
premixed type combustion.
Below are the combustion characteristics for both compressed natural gas and oil blends,
summarized and reviewed.
Combustion Characteristics-A Literature review
Gaikwad et al. [24] executed an experiment on diesel engine having a constant speed, 1cylinder, 4-stroke modified variable compression ratio engine fuelled with biomethane and
diesel. They observed that on all loads, the conventional diesel engine has a higher in-line
cylinder pressure, on the other hand, biomethane is entered with the air in the engine cylinder
and diesel fuel is injected through the separate injector [25]. On the ignition of both different
fuels, there exist two different flames. As a result, combustion started lately and the delay
period was going to be very long. In this way, the combustion process shifted into the power
stroke. Hence, overall in-line cylinder pressure was moderate. On the application of EGR, the
cylinder pressure for all load conditions decreased and hence peak pressure became lower.
It is observed that when an engine is operating on diesel fuel only, as the load on engine
increases consequently noise during the combustion process also increases [24]. On the other
hand, if operates on dual-mode i.e. biomethane and diesel with or without EGR it gives lower
combustion noise at all load conditions [24].
A comparison between the combustion characteristics of simple diesel engine and the engine
fuelled with hythane and diesel, in a 1-cylinder compression ignition engine was examined by
Sandalcı et al. [25]. They found that with the increasing flow rate of hydrogen, the uppermost
value of in-line cylinder pressure is boosted. The Table 3, below depicts the variation of
cylinder pressure obtained with hydrogen concentration at the rpm value of 2100.
Table 3 In-line cylinder pressure values
Speed
(in rpm)
2100

Hydrogen concentration
(by volume)
0%
25%
50%

Obtained cylinder
pressure (in bar)
75.28
82.27
89.49
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The impact of EGR on the emissions of NOx was determined by Mahla et al. [26] using
biodiesel of Jatropha oil as a pilot fuel in a CNG fuelled diesel engine. The authors concluded
that there was a reduction in peak pressures when EGR is used. The maximum in-line
cylinder pressure for CNG+B20+EGR and CNG+D+EGR is about 65 and 59 bar respectively
in simple mode, while for normal diesel engine, it is 65 bar [26].
Emission trends for castor oil biodiesel fuelled with compressed natural gas used in a monocylinder with air cooling were analyzed by Mahla and Dhir [27]. It was observed that while
using pilot fuels i.e. CNG-B20, CNG-D both, resulted in lower peak cylinder pressure value
compared to when used in a conventional diesel engine. The reason behind the latter is lag in
ignition under dual fuel mode and slow combustion of gaseous air-fuel mixture while in
premixed controlled combustion stage as compared to traditional diesel engine working on
simple diesel fuel [27]. At full load, the peak value of pressure inside the cylinder was about
63 bar for CNG-D, while for CNG-B20, this value comes out as 66 bar.Combustion
characteristics of biodiesel of Honge and Jatropha oil, blended with diesel and 15% ethanol
concentration tested in 4-stroke, 1-cylinder compression ignition engine was successfully
examined by Banapurmath et al. [28].
They found that the maximum temperature in the engine cylinder increased on increasing the
quantity of CNG. As a result maximum engine cylinder pressure is also increased.
To observe the effect of blends of biodiesel on the performance of the compression ignition
engine and behavior of exhaust gases, Mohsin et al. [29] executed an experiment on sixcylinder water-cooled diesel engine under dual fuel mode using biodiesel of waste cooking
oil as a test fuel. It was found out that there was a decrement in in-line engine cylinder
pressure and temperature values owing to lower heat content of biodiesel. But on increasing
the amount of biodiesel the engine cylinder pressure is also increased.
Senthilraja et al. [30] investigated the emission characteristics of biodiesel of cotton seed
methyl ester (COME) fuelled with natural gas in single-cylinder four-stroke water-cooled
diesel engine operated on dual-mode. They analyzed that on increasing CSOME (Cottonseed
oil methyl ester) in the blend, the peak pressure in the cylinder is increased and also peak
temperature in the cylinder increases. On increasing the percentage of ethanol in the blend the
peak temperature and pressure in the engine cylinder are lower.
Scrutinizing the mode of combustion traits
Inline engine cylinder pressure can be found out by directly using an equipment namely, a
Piezoelectric pressure sensor. With the help of this sensor, a number of parameters can be
found out like: highest inline cylinder pressure, Indicator diagram, heat release rate, indicated
mean effective pressure and many more. Hence, it plays a vital role in finding out the values
of above-listed parameters.
The in-line engine cylinder pressure, when the engine works under dual-mode was attained
and distinguished with simple diesel mode was done by Gaikwad et al. [24], Mahla et al.
[26], Mahla and Dhir [27],]. The results revealed that the in-line engine cylinder pressure was
slightly lesser for engine operated on dual fuel mode as compared to a traditional
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compression ignition engine. But there is an exception which was showed by Glata et al. [25],
that inside cylinder pressure value is lowered, when the engine worked on dual fuel mode as
compared with engine operated on normal mode.
Generally, in dual-mode operation, the compressed natural gas is inducted in the engine
cylinder during intake stroke with the presence of fresh air. After completion of the intake
stroke, compression stroke will start and this mixture starts getting compressed. While
undergoing compression, the engine cylinder pressure is less when an engine is run on dual
fuel mode. In this way, the pressure during the compression stroke is lowered as compared
with the traditional diesel engine. But on the addition of hydrogen in the compressed natural
gas, the in-line cylinder temperature increases with the increasing rate of hydrogen. It is
because of combustion duration is shortened due to high flame speed of hydrogen, in this way
cylinder pressure and heat release rate are increased hence temperature is increased.
Maximum pressure elevation rate and cylinder pressure
Peak pressure in the engine cylinder and pressure elevation rate directly indicate the vibration
occurring in the engine, knocking tendency, and life of the engine. It is observed by the above
literature review, an engine working on dual fuel mode has low in-line engine cylinder
pressure and rate of pressure rise as compared to the normal working diesel engine.
Following are the reasons for the reduction of peak pressure in the cylinder:
(i)

Due to large value of heat content, the difference in temperature is lower
and consequently, the engine cylinder pressure is low.

(ii)

As there is a reduction in oxygen concentration the ignition delay will be
more. Hence cylinder pressure will be less.

However, the authors pointed out that with the increment in the amount of pilot fuel, the peak
pressure inside the engine cylinder is increased. It is because of a higher amount of pilot fuel
provides a larger ignition source, higher ignition power and reduced quantity of compressed
natural gas, which automatically increases the engine cylinder pressure.
Heat Release Rate
Generally, combustion in a traditional diesel engine takes place in three stages:
(1) Ignition delay phase, (2) rapid or uncontrolled combustion phase, (3) controlled
combustion phase, (4) after burning phase [31]. More amount of fuel is accumulated if the
ignition lag is more, as a result during the start of combustion the heat release is
maximum and pressure in the cylinder is reached to a maximum value. However, in dualmode operated diesel engine most of the diesel is taken over by the CNG and hence
increases the ignition delay period. The aforementioned literature review shows that the
combustion of CNG with several blends is different as compared to conventional diesel
engine.
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Fig. 3 Rate of Heat Release in Dual-Fuel mode operation [27]
It is clear from the above fig. 3 that there is a maximum rate of heat release when an engine
operates on dual-mode as compared with single mode. It is due to the rich mixture of
compressed natural gas and air which burns more expeditiously. The rate of heat release is
affected by a number of factors namely: Duration of ignition lag, formation of the mixture,
combustion rate, etc. [32]. It can be concluded that the rate of heat release is higher due to the
presence of higher amount of oxygen content in the blends of Biodiesel and diesel with CNG
operated diesel engine.

Fig. 4 Heat release rate using EGR in dual fuel mode [26]

From the fig. 4 [26] we observed that during the second phase of dual-fuel combustion, with
the use of exhaust gas recirculation (EGR) the heat release rate is decreased for pilot fuels as
compared to single-mode operation. It is because of lowering the amount of oxygen in the
intake manifold, as a result, there is a reduction in the flammability limits of the primary fuel
in the surrounding of the pilot ignition zone. In this way with the application EGR, the peak
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temperature in the engine cylinder is reduced and hence, the chances of NOx formation is
getting reduced.
Emission characteristic
CNG is considered as a cleaner fuel because of less amount of emissions like amounts of
sulphur, amounts of mercury, etc. as a result it doesn’t affect the environment seriously as
compared to diesel and gasoline. Many pieces of research have been carried out byscholars
all over the globe to reduce emissions by the use of improved natural gas. The emission
characteristics with the use of several blends of biodiesel and with diesel were reviewed and
results are concluded below:
Nitrogen oxides (NOx)
The most destructive emission from the functioning of the diesel engine is NOx. Basically, it
is the composition of both nitrogen dioxide (NO2) and nitrogen monoxide (NO). NO is the
major cause for NOx emissions (about 90%) inside the engine cylinder. The production of
NOx is carried out within the engine cylinder mainly with the help of two mechanisms i.e.
Zeldovich mechanism and Fenimore mechanism In accordance with the former, the
production of NO is largely affected by the temperature of engine cylinder and quantity of the
oxygen. The generation of NO has occurred when the temperature of engine cylinder is more
than 1800K and rate of formation is exponentially accrued with the increment in the
temperature of the engine cylinder [33]. According to the latter, formation of NO takes place
through a series of reactions of fragments of transition hydrocarbon mainly CH and CH2
which on further reaction with N2 in the combustion zone produces CN containing species. In
the end, the products of the latter further get oxidized through a chain of reactions to form
NO [35, 36].
CH + N2
CH2 + N2
HCN + OH

HCN + N
HCN + NH
CN + H2O

CN + O2

NCO + O

HCN + O

NCO + H

NCO + O

NO + CO

NCO + OH

NO + CHO

The thermal NO is more temperature-dependent as compared to prompt NO [35, 36]. In most
of the diesel engine combustion conditions, the main mechanisms that contribute more to the
formation of NOx are thermal mechanism [37-39].
Effect of CNG and blends/diesel dual-fuel combustion on NOx emission
The consequences of the addition of hydrogen gas in the CNG fueled1-cylinder compression
ignition engine were identified by Sandalci et al [25].They conclude that on the addition of
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hydrogen the values of engine power and engine torque are increased. In this way, thermal
energy in the engine cylinder is also increased and hence cylinder pressure and the
temperature is also increased. As a result, NOx emissions are increased.
Effect of EGR on NOx emissions in a CNG fuelled diesel engine using biodiesel of Jatropha
oil (B20) was examined by Mahla et.al [26]. The formation of NOx is mainly influenced by
high amount of oxygen, highest combustion temperature and time of residence.[29, 40].They
compared the values of NOx with the normal operated diesel engine. At 20% of engine load,
NOx values are reduced by about 40% for CNG+D, 37% for CNG+B20, 58% for
EGR+CNG+D, 50% for EGR+CNG+B20. At full load condition, there was an increment in
the NOx values of about 12% for CNG+D, 15% for CNG+B20, and decreased about 28% for
CNG+D+EGR and 25% for CNG+B20+EGR. This kind of trend is possible due to presence
of oxygen content in biodiesel which promotes the NOx formation.
Mahla & Dhir [27] experimented with a 1-cylinder air-cooling direct injection Compression
Ignition engine under dual-fuel combustion mode when fuelled with CNG and COME blend.
They observed that at higher engine loads, on increasing the amount of CNG the level NOx
emissions are increased provided that the engine worked on dual fuel mode. Application of
full load on the engine, there was an increment in the value NOx emissions by about 24% for
D-CNG and 28% for B20-CNG as compared with normal working mode.
Banapurmath et al. [28] investigated the emission characteristics of NOx in a single-cylinder
diesel engine with water-cooling and fueled with CNG and blends of HOME (honge oil
methyl ester) and JOME (jatropha oil methyl ester) with the addition of 15% ethanol. An
increase in the quantity of NOx was observed when a combination of HOME/JOME –
ethanol blends – CNG was used. It was also found out that oxygenate of ethanol – ester fuel
combinations in CNG is solely responsible for maximum NOx emissions than the ester alone.
Mohsin et al. [29] found out the behavior of NOx emissions when the six-cylinder watercooled engine is fueled with CNG and biodiesel of waste cooking oil is used as pilot fuel.
They observed that at 1000 RPM a common pattern of decreasing level of NOx emissions for
various types of blends like B5, B10, B15, and B20 was obtained. On increasing the RPM of
the engine i.e. 2500 RPM, the quantity of NOx emissions is also boosted up. They also
conclude that B20-DDF (Diesel dual fuel) alone produced a major portion of NOx as
compared to both B20 and Petrol diesel.
Senthilraja et al. [30] performed an experiment on a single-cylinder diesel engine fueled with
CNG and blends of diesel, Ethanol, and Cottonseed methyl ester (COME) is used as the test
fuel. They observed the behavior of NOx formation inside the engine cylinder is decreased on
increasing the quantity of CNG with fuel and fuel blend. Furthermore, they also examined
that the emissions of NOx are increased by increasing the load on the engine. On increasing
the amount of biodiesel within the mixture, the value of NOx is increased. Hence, to control
this increment, the percentage of ethanol has to be increased.
Summary
On the basis of the above literature review, discrepancies in the outcomes have been found
since authors reported higher NOx emissions with increasing the CNG quantity in dual-mode
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operation and some authors reported on increasing the load on the engine the NOx emissions
increased. Hence, the devaluation of NOx emissions can be described by attributing the given
points:
(1) As a result of the increased value of adiabatic index of CNG as against air, the
combustion temperature inside the engine cylinder is lowered at low engine loads.
Therefore the mean temperature is minimized due to the enhanced value of overall
heat content of the mixture in the cylinder. Hence, the quantity of NOx is decreased.
(2) On introducing the CNG in the engine cylinder, the amount of air is reduced. It means
the concentration of the oxygen is decreased in the cylinder, as a result, the formation
of NOx emissions is reduced. It means the concentration of the oxygen is decreased in
the cylinder, as a result, the formation of NOx emissions is reduced.
(3) The formation of NOx is depended upon Oxygen concentration, combustion
temperature, residence time. On increasing the speed of the engine, the residence time
is less for the production of NOx, hence NOx emissions are reduced. On increasing
the speed of
The following points can be attributed to elevating the NOx emission:
(1) As there is high value of oxygen concentration available in the engine cylinder, the
chances for the formation of NOx is increased and hence NOx emissions are
increased.
(2) If the combustion temperature is increased, it directly indicates the higher chances for
the formation of NOx.
Carbon monoxide (CO)
Another foul emission which is emitted by the engine is carbon monoxide Its generation
depends upon the several factors like ignition temperature inside the engine cylinder, and
availability of unburnt fuel. This gas is colorless, tasteless, and odorless [41]. The higher
concentration of CO is formed due to the unavailability of the rich amount of oxygen. Within
the domain of lean mixture a large amount of carbon monoxide is formed when the
temperature of combustion is lower than 1450K [42].
Effect of CNG-Diesel blends combustion on CO emission
The effect of hythane on CO emissions was observed by Sandalcı et al. [25] during working
of 1-cylinder CI engine. The authors reported that at any RPM value, on increasing the ratio
of gas fuel mixture the CO emission is increased. According to them, this was happened due
to low spreading speed of Marshy gas and limited flammability limits.

The effect of using EGR in CNG fuelled CI engine, when methyl ester of Jatropha oil is used
as a test fuel on CO emissions was successfully investigated by Mahla et al. [26]. The authors
reported that at all engine loads, the CO emissions are higher whether EGR is used or not and
compared the results with single mode operated diesel engine. Firstly, the CO emissions were
higher at lower loads, decreasing upto transitional loads and again boosted up at higher loads.
In their opinion, this was happened due to low rate of combustion of CNG as a result the
temperature of premixed charge is lowered and hence, the chances of oxidation of CO is
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getting reduced. At full loads, due to presence of rich mixtures in the engine cylinder, CO
emissions are higher.
Mahla & Dhir [27] experimented with a mono-cylinder air-cooled direct injection. The
emissions of CO are decreased by 31.6% for D – CNG and 37.4% for B20 – CNG as
compared to the conventional diesel engine. The authors were observed that at low loads, CO
emissions were higher, decreases at transitional loads and increased at higher loads.
Banapurmath et al. [28] investigate the style of CO emission in a single-cylinder watercooled diesel engine fueled with CNG and blends of HOME (honge oil methyl ester) and
JOME (jatropha oil methyl ester) with the addition of 15% ethanol. They observed that usage
of the blend of biodiesel and diesel enhanced the level of CO emissions. At high engine load,
the emissions of CO are increased with the increased quantity of CNG and beyond the certain
level of CNG, these emissions start decreasing.
The effect of using biodiesel in a CNG fuelled 6-cylinder CI engine on the CO emissions was
examined by Mohsin et al. [29]. The authors reported that the chances of CO emissions is
higher provided that the occurrence of CNG is possible.
Overview
Based on the above Literature review, all the authors reported that there is an increment in the
CO emissions when the engine is working on the dual-mode operation as compared to normal
diesel mode. They pointed out that on increasing the quantity of CNG upto a certain level, the
CO emissions increased .and beyond that level, CO emissions started to decrease.CO
emissions manifested an increase in value upto a limit in CNG quantity and start decreasing
beyond that limit. Following points are mainly responsible for the increment in CO emissions
in dual-fuel combustion of CNG/Diesel blends:
(1) After the entry of the CNG air mixture inside the engine cylinder, the mixture gets
stuck in the fissures resulting in low temperature due to its long-time stay in the same
location. Due to latter, incomplete oxidization of the mixture occurs and hence CO
emissions are increased and keep on increasing if the amount of CNG is increased.
(2) CNG-air mixture is ignited by the blends of diesel and biodiesel under dual-fuel
operation. But in some regions, the too lean mixture is present and for sustaining the
flame in the engine cylinder is very difficult. Hence, the temperature in the engine
cylinder is falling down and freezing the oxidation reaction of CO. As a result, CO
emission increased.
(3) Due to low flame spreading sped within the engine cylinder, the local temperature is
getting down and does not reach to the entire mixture present in the engine cylinder.
Hence in this way, the oxidation reaction of CO is stopped and as a result, the
emission of CO is increased.
(4) If the quantity of CNG is increased, the concentration of oxygen is automatically
decreased. Hence there is a less amount of oxygen is present to oxidize the CO. In this
way CO emission increases.
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On increasing the CNG upto a high level, the gas fuel mixture becomes rich, which helps in
propagating the flame in the entire stroke volume. Hence, the combustion was good that
means the level of CO emissions was reduced.
Hydrocarbon (HC)
Due to incomplete combustion of the fuel mixtures emissions of hydrocarbon are formed.
Hydrocarbon emissions from the diesel engine exist due to several factors namely: the very
low amount of fuel in the mixture resulting in very low flammability limits, mass cooling
during expansion, the effusion of fuel from nozzle sac after injection. About 1200 K these
emissions are found without dependent on the fuel types [43].
Effect of combustion of CNG/diesel blends on HC emissions
Sandalcı et al. [25] analyzed the effect of hydrocarbon emission from amono-cylinder diesel
engine fueled with CNG, air, and hydrogen. They reported that on increasing the amount of
gas fuel ratio, the amount of hydrocarbon emission is also increased. They also observed that
on increasing the speed of an engine, the emissions are increased rapidly.
The trend of HC emissions from 1-cylinder CI engine fuelled with CNG using biodiesel of
Jatropha oil as a test fuel was observed by Mahla et al. [26]. They reported that at lower
engine loads, with the use of EGR or not, HC emissions are increased. According to them,
this is due to the retardation of the flame. On increasing the engine loads, the HC emissions
are started decreasing. They also observed that on using B20 blend as a pilot fuel, the HC
emissions are slightly lesser than normal diesel mode.
Mahla & Dhir [27] experimented with a mono-cylinder, air cooled, diesel engine fueled with
CNG and COME (castor oil methyl oil ester) blend under dual-fuel combustion mode and
compared the results with normal mode diesel engine. The authors found that for dual-fuel
mode operation, the HC emissions were higher for any engine loads as compared with
traditional CI engine. They also observed that there was a slightly decrement in the values of
HC emissions when biodiesel is used.
The trend of HC emissions from 6-cylinder diesel engine fuelled with CNG using biodiesel of
WCO as a pilot fuel was studied by Mohsin et al. [29]. They found that on increasing the
amount of biodiesel in the blend, hydrocarbon emission is decreased. On increasing the
amount of CNG, emissions of hydrocarbon are increased rapidly. In their opinion, this is due
to the presence of methane gas which is one of the gases in the hydrocarbon gases category.
They reported that when a combination of CNG and B20-DDF is entered in the combustion
chamber, with the increase of engine speed, the amount of hydrocarbon emission about 90
ppm and declared a poor result.

Senthilraja et al. [30] investigated the nature of HC emissions from a mono-cylinder, watercooled engine using blends of diesel, ethanol, and biodiesel of cottonseed oil as pilot fuel.
They observed that on increasing the amount of biodiesel in the blend, HC emissions are also
increased. In their opinion, it is due to poor atomization of the blended fuel because of higher
density and viscosity. They also reported that on increasing the ethanol concentration, the HC
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emissions are also increased. One more thing they observed that at low engine load the HC
emissions increased, while at medium and high engine loads, these emissions are decreased.
Overview
From the above literature review, it is clear that increasing the gas fuel ratio in the dual
combustion chamber, produces much more HC emissions as compared to the conventional
diesel engine. The authors pointed out that emissions of HC under dual fuel mode were
inversely proportional to the engine load. Following points can be attributed to the increase of
HC emissions:
(1) As gas fuel mixtures trapped into the gaps present in the combustion chamber and
due to flame quenching, it was very difficult to ignite the unburned fuel in the end
part of the combustion process.
(2) There may be slight chances of lean misfire, provided the lean mixture is used and
HC emissions will increase independent on the type of fuel used (either rich or
lean).
(3) Due to the improper scavenging process, the unburnt fuel may go away through
the exhaust port. This leads to increase the HC emissions.
On advancing the injection timing of pilot diesel fuel and increasing the load on the engine,
the ignition process occurred in the engine cylinder is improved. With this, the maximum
temperature of the engine becomes higher, and hence the HC emissions decrease. On the
other hand, if the ethanol concentration is lowered, then the HC emissions also decrease.
Carbon dioxide (CO2)
On the successful combustion process of hydrocarbon fuels, CO2 as a product is formed. It is a
colorless gas having a density of about 60% higher than that of dry air. As CNG contains
carbon and hydrogen atoms. During the combustion process, firstly carbon (C) atom from the
CNG combines with oxygen (O) atom from the air and formed carbon monoxide (CO). This
CO again combines with an oxygen atom and forms carbon dioxide (CO2) in the presence of
high cylinder temperature. Thus it can be concluded here that, the production of CO2 is totally
depended upon the two factors: cylinder temperature, the concentration of oxygen.
Effect of Natural gas/ diesel blends dual-fuel combustion on CO2 emissions.
The trend of CO2 emissions from 6-cylinder CI engine fuelled with CNG using a biodiesel of
WCO as a pilot fuel was examined by Mohsin et al. [29]. The authors reported that on
increasing the quantity of biodiesel in the blend, CO2 emissions are increased. One thing they
noted that, B20-DDF kept the quantity of CO2 emissions constant starting from the speed
1500RPM to the end [29].
Senthilraja et al. [30] investigated the nature of CO2 emissions from a mono-cylinder 4stroke, engine using blends of diesel, ethanol, and biodiesel of cottonseed oil as pilot fuel.
They found that on increasing the amount of CNG, emissions of CO2 are decreased. They
also reported that on increasing the amount of biodiesel of castor oil, there was a decrement
in the CO2 emission.
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Overview
On the basis of the above literature search, it is evident that all the writers reported a
significantdecrement incarbon dioxide emissions with CNG/diesel blended dual-fuel
combustion. Following are the points that attributing the minimization of CO2 emission:
(1) CNG is mainly made up of methane gas. The composition of methane gas consists
oflower carbon content among all hydrocarbon compounds. Hence, CNG has the
power to produce a lower emission of CO2 as compared to diesel only.
(2) While on application of dual fuel mode, partial combustion is critical. As a fraction of
fuel is incompletely oxidized to CO, which leads to the decrement in CO2 emissions
in the exhaust.
Performance Characteristics of an Engine
The most imperative thing about the engine is its performance. On the basis of this parameter,
the differentiation among all the engines can be done. The most important performance
indicators are BTE and power of the engine.A summarization of these factors are given
below
Power of the Engine
The work capacity of the engine can be identified by the power of the engine and it is the
most important parameter of the compression ignition engine .Basically, it depends upon
several factors but some important factors are the size of the engine, the design of the engine,
speed, and load on the engine.It is the maximum power that an engine can produced
effectively.
Effect of CNG/ diesel blends dual-fuel combustion on engine power
The effect of the mixture of H2, CNG, diesel dual-fuel combustion on engine power was
investigated by Sandalcı et al [25] working on the single-cylinder water-cooled diesel engine.
They found that with the increment of the gas fuel ratio, the values of power produced by the
engine is increased at all speeds of the engine. They also reported that the maximum value of
power is reached at a speed of 2700 RPM with the usage of 50% gaseous fuel as compared to
the conventional diesel engine. They also examined the engine power is increased by the
increment in the heat value, when hythane is added to the engine cylinder via intake
manifold.
.
The behaviour of engine power coming out from the 6-cylinder diesel engine fuelled with
CNG using a biodiesel of WCO as a pilot fuel was investigated by Mohsin et al. [29]. The
authors successfully found that CNG-D produced the maximum power from the engine at
maximum speed. According to them, this happened due to CNG which refers to the main
source of ignition. They also noted that with increasing the fraction of biodiesel content, the
value of engine power is lowered.
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Overview
From the above literature review, the reasons which are given below can be attributed to a
decrease in the power of the engine:
(1) The net heat value or calorific value of the mixtures of natural gas, blends of biodiesel
and diesel is lower than that of neat diesel which can decrease the net power produced
by the engine.
(2) On increment, the amount of biodiesel in the blend, the quantity of air is also reduced
and hence lowers the volumetric efficiency. As a result, engine power is reduced
especially at high load conditions.
Reduction in engine power can be avoided by changing the values of some operating
parameters under dual-fuel combustion mode, like increment in pilot fuel quantity,
elevating the intake temperature and pressure, etc. With these adjustments, there is a
chance of occurringa knocking phenomenon in the engine.
Brake Thermal Efficiency
It signifies the fraction of total power (indicated power) that can be utilized in the form of
mechanical energy. It is defined as the ratio of the output produced by the engine in the
form of brake power to the total input in the form of the heat content of the fuel.It can be
found out by the given below expression:
BTE =

Pb
× 100%
ṁ g × QHV,g + ṁd × QHV,d

where,
𝑚̇𝑑 = mass consumption rate of CNG (kg/s)
𝑚𝑔̇ = mass consumption rate of pilot diesel blends (kg/s)
𝑃𝑏 = Brake power (in KW)
𝑄𝐻𝑉,𝑔 =Calorific value of CNG (kJ/kg).
𝑄𝐻𝑉,𝑑 = Calorific value of Diesel (kJ/kg).
Effects of CNG/diesel blend combustion in dual-fuel mode on BTE
Sandalcı et al. [25] carried out some tests and evaluated the effect of methane
concentrationon the thermal efficiency of a single-cylinder diesel engine fueled with
compressed natural gas. Their results showed that a lowered flame rate of methane increased
the losses of heat during combustion and as a result, there was a reduction observed in the
BTE values.
On varying the loads on the CI engine, the BTE values of pilot fuels and diesel with EGR
were successfully compared by Mahla et.al [26]. They found that at 20% engine load, the
value BTE value of CNG + Biodiesel blend (B20) + EGR is 50% while without EGR this
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value becomes 33.33%. At full load, they observed that BTE value for CNG + Biodiesel
blend (B20) + EGR is 13.84% while for without EGR this value becomes 8.84% as compared
with the conventional diesel engine. In their opinion, the reasons for this are: incomplete
combustion of pilot diesel fuel and a slower rate of combustion
The values of BTE of a 1-cylinder diesel engine fuelled with CNG using a biodiesel of castor
oil as a test fuel was examined by Mahla and Dhir [27]. The authors found that for B20 the
BTE values were slightly decreased as compared with single mode. The values of BTE they
noted that, at high load BTE value for CNG-D was about 25% and for CNG-B20 it was about
24%. The effect of using biodiesel of Honge and Jatropha oil as a pilot fuel in a 1-cylinder
diesel engine on BTE values was observed by Banapurmath et al. [28].They observed that
higher BTE values for blends of biodieselare lowered than that of simple CNG dual mode.
They also found that at 80% engine load the BTE values for D-CNG are 24%, for HOMECNG is 25.5% and for JOME-CNG is 21.6% when the flow rate of CNG is 0.5kg/h. In their
opinion this is due to lower viscosity of biodiesel of honge oil.
Overview
With the above literature review as a basis, it is concluded that BTE value on using blends of
biodiesel is lower than that of simple dual mode. On increasing the load,these values are
lowered than that of values at low engine loads. Following reasons cause reduction in BTE
values:
(1) Due to the presence of a lean mixture in the engine cylinder, it is difficult to process the
ignition process. As a result, there is a problem in the burning of lean mixtureand may go
out from the exhaust during exhaust stroke. Hence,this, indicates the poor efficiency of
fuel utilization and lower BTE. Hence, incomplete burning of high leaned mixture and
coming out in the exhaust, specifying poor fuel utilization and lower value of BTE.
(2) With slower propagation of flame and hence, slower burning of fuel may increase the loss
of heat during the ignition process results in lowering down the value of BTE.
(3) Due to the higher viscosity of the fuel, there is difficultyin the formation of fine droplets.
Hence, it results in poor combustion and lowers down the BTE values.
The following reasons may attribute to the increase in the BTE values:
(1) Due to the high combustion temperature, the utilization of the fuel is better and hence BTE

will improve.
(2) If the inlet temperature of the fuel is higher then, good combustion will occur and hence

there is an improvement in the BTE values are observed.
Exhaust Gas Temperature
The EGT is the temperature of the gases which are coming out from the combustion chamber
during the exhaust process. Moreover it is the most critical parameter in compression ignition
engine and in high-performance engines. It indicates the effective use of fuel energy [30]

Effect of CNG/ diesel blends dual-fuel combustionon EGT
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Mahla et al. [26] investigated the trend of EGT and compared with conventional diesel
engine in a single-cylinder diesel engine fuelled with natural gas using blends of biodiesel of
Jatropha oil and diesel as pilot fuel. They found that on increasing the engine load the value
of EGT slightly gets higher as compared to normal mode diesel engine. But from lower to
intermediate engine loads the EGT for pure diesel operation is higher than for dual-mode
diesel engine. In their opinion this is due to presence of very lean mixture in the engine
cylinder and slower rate of flame propagation.
Senthilraja et al [30] performed an experiment on a single-cylinder diesel engine for finding
out the behavior of EGT values on different loading conditions. They observed that with the
increment in the engine load, higher will be the exhaust gas temperature. They also reported
that on increasing the concentration of biodiesel in the blend the exhaust gas temperature
reduces, but on decreasing the content of ethanol in the blend the value of EGT rises. In their
opinion this is due to higher temperature of burning process.
In order to find out the behavior of EGT values,Karabektas et al. [45] performed an
experiment on single-cylinder water-cooled super star diesel engine using DEE as an additive
in diesel as pilot fuel. They observed that there is a decrement trend in EGT values on
increment in the content of DEE. In their opinion this is due to better combustion, high
oxygen content of DEE.
Bose et al [46] investigated the effect of adding the hydrogen gas on the EGT value at various
engine loads in a single-cylinder diesel engine and compared with normal mode. They
observed that with the increment in the engine load, there is an increment in the EGT. They
reported that at 80% engine load with the addition of hydrogen in inducted air the value of
EGT is 505°C, while in normal mode this value is 260°C. In their opinion this is due to the
increase in the rate of combustion of hydrogen.
Overview
On the basis of the above literature review it is concluded that on increasing the concentration
of biodiesel in the blend, the EGT values will be lowered. But it increases with the increment
in the engine loads. Following are the reasons that attributing the higher value of EGT:
(1) Due to the presence of restrictions in the path of airflow, there is a less amount of air left
which is present in the engine cylinder. As a result,the fuel-air ratio is more, hence
combustion is not completed. In this way EGT increases.
(2) Due to the high temperature of intake air, during combustion the cylinder temperature also
increases. In this way, the temperature of exhaust gas is increased.
(3) On reducing the ignition advance phenomenon, the combustion of fuel ended during the
start of the exhaust stroke. As a result, the value of exhaust gas temperature is increased.
Conclusion
The shortage of fossil fuel reserves in addition to degradation of environment, has resulted in
a comprehensive groundwork with intent of clean fuel technologies all over the world. Many
researches devoted to finding out the best alternative for fulfilling the increasing demand for
energy of increasing world’s population. With the aid of unrefined fuel used in diesel engine,
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researchers are focussing to enhance the efficiency of an engine and reducing the contingency
on diesel fuel. Following conclusions are made by summarizing a lot of literatures related to
using the diesel blends in a compression ignition engine with natural gas used as a fuel:
(1) With the use of biodiesel, the peak pressure rises and ignition delay is longer. The peak
pressure and heat release rate depends upon the injection parameters of pilot fuel. With
the introduction of biodiesel, both have increasing nature as compared to normal CNG-D
mode.
(2) On increasing the engine load the BTE increases, with the introduction of biodiesel diesel
blend in the engine cylinder value of BTE decreases. Up to a certain level of CNG in the
cylinder, BTE value increases otherwise decreases on increasing the quantity of CNG.
With the introduction of EGR, the BTE value is increased by about 47%.
(3) Under dual-mode operation the level of NOx emissions decreases, HC and CO emissions
increase but this is validated on lower engine loads. With the use of blend of biodiesel
and diesel at higher engine loads, the NOx emissions get higher while CO and HC
emissions decrease With the use of EGR at higher engine load both CO and HC
emissions get increases.
(4) Using CNG in the combustion chamber, the EGT value is lower as compared to when
CNG is not being used. At higher loads, its value is maximum because of higher rates of
combustion flame. With the use of EGR, the values of EGT can be controlled.
Abbreviations
CO2

Carbon dioxide

NOx

Nitrogen Oxides

NO

Nitrogen monoxide

CO

Carbon monoxide

BTE

Brake thermal efficiency

HC

Hydrocarbon

CNG

Compressed natural gas

EGR

Exhaust gas recirculation

EGT

Exhaust gas temperature

HRR

Heat release rate

DEE

Diethyl ether

HOME

Honge oil methyl ester

JOME

Jatropha oil methyl ester

COME

Castor oil methyl oil ester

CSOME

Cotton seed oil methyl ester

257 J.C. Bose University of Science and Technology, YMCA, Faridabad

WCO

Waste cooking oil

DDF

Dual fuel diesel engine

CI

compression ignition engine

B20

Biodiesel blend containing 20% biodiesel: 80% diesel

RPM

Revolution per minute
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Abstract
Olive-based activated carbon (OAC) was prepared from sansa esausta through carbonization
followed by combined KOH and thermal activation. OAC was subjected to fixed bed methylene
blue adsorption where experimental date are fitted to theoretical fixed-bed models. Results show
that Thomas and Yoon-Nelson models best describe the dynamic process of MB adsorption;
conforming to Langmuir isotherm and pseudo-second order reversible reaction kinetics in the
absence of axial dispersion. The material is found to have 131 mg g-1 theoretical adsorption
capacity and 54.69 h for 50% sorbate breakthrough.

Keywords
Activated biochar, Deoiled olive pomace, Fixed bed adsorption, Methylene blue, Olive mill
waste.

Introduction
Olives are among the most cultivated crop in the world reaching 3.13 million tons for 2018/2019
production season. Olive cultivation and processing to for olive oil production is an important
agricultural activity in the Mediterranean region with Spain, Greece, Italy and Morocco as main
producers of olive oil [1]. Olive oil production is coupled with agricultural waste generation
primarily lignocellulosic by-products that include olive stones and de-oiled olive pomace. These
lignocellulosic biomass has great potential in a number of industries, often used in its pristine
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state or converted to other products such as biofuels [2,3], polymers [4], soil conditioner [5] and
biosorbents [6,7].
Biosorbent in a form of activated biochar may be derived from lignocellulosic olive mill waste
and is practical to produced due to the abundance of the olive mill waste. Activated biochar
production from lignocellulosic biomass can be done through physical or chemical means.
Physical route involves carbonization in inert atmosphere followed by activation at elevated
temperature with steam or carbon dioxide. Chemical route uses reagents to partially dehydrate
the lignocellulosic material and/or initiate activation of the biochar. In terms of yield, surface
area of the final product and operating cost, chemical route is preferred over physical route [8].
Activated carbon are common adsorbent used in industrial wastewater treatment and are
frequently utilized in fixed-bed systems, especially when high volumes of wastewater are
involved. Adsorption isotherms and system dynamics of fixed-bed adsorption are expressed
through breakthrough curves and are analysed using theoretical models for development and
design purposes.
This study aims to investigate fixed-bed methylene blue adsorption by biosorbent derived from
sansa esausta. Dynamic studies on the fixed-bed adsorption system was also performed through
fitting of experimental data theoretical models.

Materials and Methods
Sansa esausta obtained from an olive mill in Cosenza, Italy was carbonized in a furnace at 362oC
followed by thermal activation at 700oC for 61mins in stagnant air. Activated sample was
repeatedly washed with distilled water until it reached pH 7 and was dried overnight at 110oC.
Olive activated carbon was ground and sieved to 0.149mm, and stored in sealed container prior
to adsorption experiments.
The olive-based activated carbon (OAC) was used as biosorbent in a fixed-bed adsorption
system with methylene blue (MB) as adsorbate. 100 mg L-1 of MB was introduced to the column
dropwise at 0.34 mL min-1. A bed height of 2.5 cm was maintained throughout the process.

Results and Discussion
Bohart-Adams, Thomas, and Yoon-Nelson theoretical models for fixed-bed adsorption are used
to assess the dynamic process of MB adsorption. Using theoretical model equations, the
concentration dependence of the adsorption process is analyzed through its effect model
parameters.
Fitted experimental data have coefficient of determination (R-squared) of 0.9527, 0.96671 and
0.96671 for Bohart-Adams, Thomas, and Yoon-Nelson theoretical models, respectively. Thomas
and Yoon-Nelson models fitted well with the experimental MB adsorption data; implying that
MB adsorption conform to Langmuir isotherm with pseudo-second order reversible reaction
kinetics. Calculated adsorption capacity is 131 mg MB per gram of OAB and time required for
50% sorbate breakthrough is 54.69 h.
264 J.C. Bose University of Science and Technology, YMCA, Faridabad

Conclusions
Fixed-bed adsorption of MB dye using biosorbent derived
successfully synthesized and investigated. Bohart-Adams,
theoretical models were applied to experimental adsorption
effective in adsorbing methylene blue dye with fixed-bed MB
Thomas and Yoon-Nelson models.

from sansa esausta has been
Thomas, and Yoon-Nelson
data. As-synthesized OAB is
adsorption data conforming to
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Abstract:
In the present work the synthesis of Graphene oxide (GO) has been achieved by Hummer’s
method. The synthesized GO was ester functionalized with Meta Toluic acid by chemical route.
The Langmuir- Blodgett (LB) technique was used for the deposition of functionalized GO on the
SiO2 substrate. In order to obtained single layer, centrifugation and sonication was done to
reduce the number of layer. Structure and surface characteristics of functionalized GO were
observed by different characterization technique like X-ray diffraction, Raman spectra, Scanning
Electron Microscopy and Atomic Force Microscopy.
Keywords: Graphene oxide, Functionalization, L-B technique, Film, Average roughness

1. Introduction:
Graphene and graphene oxide has been popular among the researchers due to its various
properties like excellent thermal, Optical and electrical properties. It’s also a novel and substitute
material used in the application of transparent conductive films [1-5]. Graphene oxide was
obtained by oxidization of the graphite with strong oxidizing agents. It was first synthesized in
1859 by Brode using natural graphite with a mixture of potassium chlorate and fuming nitric acid
[6]. After that Staudenmaier [7] and Hummers [8] suggested some changes for the synthesis of
GO by chemical route. Nowadays Hummer’s method was widely used for the synthesis of GO
due to its simplicity to make many modifications. In order to change the properties of GO for
improved performances, functionalization and doping of GO have been achieved using various
ways depending upon adsorption, electrochemical and physical characteristics [9-11].
Several methods are available for the deposition of material on the substrate including spray or
spin coating [12], dip coating [13], L-B assembly [14-15].In the present work LB technique has
been used with the merit of control deposition of the functionalized film on the SiO2 substrate.
DMF was used as suspending solution for the deposition of functionalized GO on the silicon
dioxide substrate. The quality or property of the film can be altered via tuning the processing
parameter of the L-B set up in order to optimize the characteristics of final product. The obtained
TGO film has been characterized using X-ray diffraction (XRD), Scanning electron microscopy
(SEM), Raman spectra and Atomic force microscopy(AFM).
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2. Experimental details:
2.1 Synthesis of Graphene oxide and Functionalized Graphene oxide
Synthesis of Graphene oxide was done using Hummer’s methods [8].Chemical route was
used for preparing functionalized Graphene oxide (TGO) by using Meta Toluic acid. 20 mg of
GO and 25 mM Meta Toluic Acid was mixed with 20 ml Dimethylformamide (DMF) and
ultrasonicated the solution at room temperature for one hour. After that mixed the above solution
for 30 minutes and raised the temperature to 70°C for another 3 hours. Now
Dicylohexylcarbodiimide and Hydroxybenzotriazole were mixed with above solution and
continued the process for 24 hours. After that centrifugation was used for separating the liquid
solvents and obtaining the powder form of TGO. The powder was then dried overnight at 80°C.

2.2 Deposition of functionalized GO layer on substrate
TGO films were deposited onto the surface of SiO2 substrate using L-B method as shown in
fig.1.For spreading the TGO sheets onto the interface the functionalized material was dispersed
in DMF in 1:5 ratios. In order to achieve the required surface pressure i.e. 40 mN/m the TGO
layers was compared by movement of barriers.
Before starting the deposition process LB trough was cleaned with the acetone and then filled the
DI water in the cleaned trough. In order to make the suspension on the surface of water the TGO
was dispread in DMF. Then spread the functionalized suspension onto the water surface drop
wise. Glass syringe was used for pouring the TGO into the LB trough. Appearance of a black
color at the interface appears which confirms the formation of functionalized layer. For
stabilization left the layer for about 20 minutes before the isothermal compression. Compression
of layer was done step by step to the deposition pressure. Due to compression of layer slight
darkening of the interface was observed. The layer of the functionalized material was deposited
on the substrate by vertical dipping onto the trough and putting it out slowly. Our functionalized
material has the advantage that additional solvents were not used for suspending and spreading
onto the surface which eliminate the possibility of material loss in water sub phase. Fig.1 Show
the thin film deposition using LB set up.

3. Characterization:
3.1 X-Ray diffraction:
XRD was done using Panalytical’s X’Pert Pro (45KV) working with Cα Ka radiation spectra of
wavelength λ=1.54060. X-Ray diffraction was used to study the crystal structure of the
functionalized graphene oxide. Graphene oxide was obtained by oxidation of graphite using
strong acid. Diffraction peak of the graphene oxide was observed at 10.3°. In functionalization
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Fig.1Thin film deposition using LB set up.

the characteristic peak of graphene oxide has shifted to 7.8° from 10.3° with increase in
interlayer distance. Fig.2. represents the XRD of GO and TGO thin film on SiO2 substrate.

Fig.2. Shows the XRD of thin film of (A) GO and (B) Functionalized GO.

3.2 Raman Spectroscopy
The Raman spectra of GO and TGO were obtained using Renishaw In Via Raman with 532 nm
wavelength as shown in fig.3. Raman spectra of graphene has broad G peak at 1584 cm-1 and of
D band at 1348 cm-1[16]. In TGO change in intensity of G and D band were observed with
almost similar shapes and position as compared to GO. In TGO Raman spectra G band
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represents the sp2 carbon shifted to 1600 cm-1. The D band of TGO was observed at 1337 cm-1
as compared to GO. Intensity ratio (ID/IG ) of D and G band was calculated and found to be 0.90
and 1.30 for GO & TGO respectively.
.

Fig.3. Raman spectroscopy of thin film (A) GO and (B) functionalized GO

3.3 Scanning Electron Microscopy:
Foe morphology study of thin film Scanning Electron Microscopy (JSM-6510LV series) was
used. Microstructure of the GO has changed after functionalization. SEM images of
functionalized GO represents structure with multilayer deposition of the thin film on the
structure as shown in Fig.4.

3.4 Atomic Force Microscopy:
Atomic Force Microscopy (AFM) ( NTMDT Model Pro 47) was used for the study of surafce
morphology of the depsoited film as shown in Fig.5. Thickness of the deposited thin film of
TGO was measured using surface profiler and was found to be 220 nm which varies with
variation in the LB parameter. It has been possible to obtain the monolayer of the functionalized
material by optimizing the L-B parameter at low surface pressure. It was observed that the good
film quality was obtained at a surface pressure in the range 10-40 mN/m as we increase the
surface pressure the multilayer structure formed. The surface of deposited film shows
multilayered structure or 3D wrinkle structure which causes enhancement in the average
roughness of the film. By optimizing the L-B parameter we can vary the film
quality/characteristics.
Average roughness value of the deposited thin film was measured using the same AFM software
and found to be 27 nm. Deposited TGO thin films have porous structure which acts as attracting
sites for the adsorption of gas molecules. Therefore by optimizing the parameters of L-B
technique structure of thin film deposition can be varied according to the requirement and finds
its scope in device applications.
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Fig. 4. Shows SEM images of functionalized GO thin film.

271 J.C. Bose University of Science and Technology, YMCA, Faridabad

Fig.5. Atomic force microscopy images of (a) functionalized GO thin film and (b) average roughness of
functionalized GO thin film.

Conclusion
GO was synthesized and functionalized via chemical route. X-ray diffraction, Raman
spectroscopy, Scanning electron microscope and Atomic force microscopy were used for
characterization of GO and functionalized GO thin films. Surface morphology of the deposited
thin films can be varied by optimizing the deposition parameters of L-B technique. Average
roughness value of the deposited thin film was measured using the same AFM software and
found to be 27 nm at 40 mN/m surface pressure. The deposited thin films can be used in gas
sensing and energy storage device applications.

Acknowledgement
One of the authors Ravi Kumar is thankful to the TEQIP-II (1.2) for providing the fellowship.

References:
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]

Y. N. Gengler et al., “Large-Yield Preparation of High-Electronic-Quality Graphene by a
Langmuir – Schaefer Approach **,” pp. 35–39, 2010.
J. K. Wassei and R. B. Kaner, “Graphene , a promising,” Mater. Today, vol. 13, no. 3, pp.
52–59, 2010.
Y. Shao, J. Wang, H. Wu, J. Liu, I. A. Aksay, and Y. Lin, “Graphene Based
Electrochemical Sensors and Biosensors : A Review,” pp. 1027–1036, 2010.
X. Liang, Z. Fu, and S. Y. Chou, “Graphene Transistors Fabricated via Transfer-Printing
In Device Active-Areas on Large Wafer,” pp. 1–5, 2007.
S. De et al., “Flexible , Transparent , Conducting Films of Randomly Stacked Graphene
from Surfactant-Stabilized , Oxide-Free Graphene Dispersions,” no. 3, pp. 458–464, 2010.
R. May and R. May, “On the Atomic Weight o f Graphite. JBy,” 1859.
D. Salze, D. Doppel-, D. Reaction, L. Staudenmaier, D. Substanz, and I. Zeit, “D a r s t e l
l u n g der Graphitslure. (Eiogegangeii,” 1898.
L. Company, B. William, and R. E. Offeman, “Preparation of Graphitic Oxide,” vol. 89,
272 J.C. Bose University of Science and Technology, YMCA, Faridabad

[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]

no. 9, p. 1958, 1958.
L. Liu et al., “Graphene Oxidation : Thickness-Dependent Etching and Strong Chemical
Doping 2008,” pp. 2–7, 2008.
J. M. Chem, “Strategies for chemical modification of graphene and applications of
chemically modified graphene,” pp. 12435–12452, 2012.
R. T. Weitz et al., “Electronic Transport Properties of Individual Chemically Reduced
Graphene Oxide Sheets,” pp. 0–4, 2007.
P. L. Diodes, Y. Kim, M. H. Song, S. Yoo, and S. O. Kim, “Reduced Graphene
Transparent Electrodes for High-Performance,” no. 1, pp. 159–167, 2012.
C. Su, A. Lu, Y. Xu, F. Chen, A. N. Khlobystov, and L. Li, “High-Quality Thin Graphene
Films from Fast Electrochemical Exfoliation,” no. 3, pp. 2332–2339, 2011.
J. M. Chem et al., “carbon nanotube hybrid films produced by Langmuir – Blodgett
assembly †,” pp. 25072–25082, 2012.
X. Li et al., “Highly conducting graphene sheets and Langmuir – Blodgett films,” vol. 3,
no. September, pp. 1–5, 2008.
H. Zhu, P. Univeristy, P. City, and F. Province, “Electrochemical Determination of
Acetylsalicylic acid in Human Urine Samples Based on Poly ( diallyldimethylammonium
chloride ) Functionalized Reduced Graphene Oxide Sheets,” vol. 11, pp. 4007–4017,
2016.

273 J.C. Bose University of Science and Technology, YMCA, Faridabad

ISFT/2020/R/1085

STUDY OF INDUSTRY 4.0 TOOLS FOR MASS
CUSTOMIZATION IN MANUFACTURING SECTOR
Praveen Kumar Dwivedi*1, Dr. R.C. Singh 2, Dr. Girish Kumar3 Dr. R. K. Singh4
*1Bharati Vidyapeeth’s College of Engineering, New Delhi, India
2,3
Delhi Technological University, New Delhi, India
4
Management Development Institute, Gurgaon, India
praveendwivedi05@gmail.com
9555831751

Abstract
Information and communication technology has provided many technologies such as Internet of
Things (IoT), Big data and cloud computing which are penetrating in all the dimensions of
almost all manufacturing industries. The synergy of these state of the art technologies and
manufacturing practices are combining physical and virtual world together with the help of
Cyber Physical System. Mass Customization (MC) can be achieved at mass production cost with
the use of these advanced technologies.
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Introduction
Manufacturing is crucial for a nation’s healthy economy and quality of life for its inhabitants due
to its high impact on wealth generation as well as creation of employment. Providing the “right”
new products to the market economically is recognized as critical to the success of
manufacturing companies. In fact, the ability of companies to create new products and product
variants with a low level of company resource consumption is named as one key to sustain a
competitive advantage [1][2]. Consequently, companies increase the number of different
products offered to customers with the objective to respond heterogeneous customer
requirements in the market place [3], [4]. They are convinced that if they maximize the fit
between available products and customer needs it will allow them to defend or even increase
market shares[5].
“Mass Customization is the ability to provide products tailored to individual customer needs on a
large scale at, or close to, mass production efficiency, using flexible processes” [4], [6]. In the
digital age equipped with information and communications technology and the internet, the
manufacturing sector is significantly impacted upon by customer needs and wants ever more.
Advanced digital technologies allow innovation to improve and individualize the customer
experience by meeting these needs and wants[7]. Manufacturers are considering customer
satisfaction as priority by focusing on design conception and flexible production [8]. These
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circumstances have led companies to react with more customer focused approach, short-cycle
adoption with batch-sizes reduction [9]. Production floor is witnessing paradigm shift with the
help of internet, leading to advancements in how products are designed, customized and
manufactured. Advanced technologies, such as the Internet of things (IoT), cyber physical
systems (CPS), Internet of services (IoS), cloud based manufacturing, , Big Data and smart
manufacturing, are driving the advent of the “Fourth Industrial Revolution”, i.e., “Industry 4.0”
as coined in German.
In Industry 4.0, designs are obtained beforehand with the power of internet-based designs, data
mining, collaborative systems, and CPS. These developments and trends lead to the investigation
of what Industry 4.0 will impact on the ways products are designed and manufactured for
achieving MC.

Literature Review
Mass Customization (MC) word was coined by Davis (1987) in book “Future Perfect” and the
concept of “mass customization” (MC) was first suggested by Kotler (1989) with reference to
marketing management. Pine (1993) [4] brought the idea of MC into the production and
operations management perspective. According to him MC is the low-cost, large volume
delivery, high quality of individually customized goods and services. Boynton (1993) [10]
further explained the concept of MC by comparing with mass production, continuous
improvement and invention.
Table 1.The Evolution of Manufacturing Paradigm

Paradigm

Craft
Production

Mass Production

Flexible
Production

Mass
Customization

Sustainable
Production

Started

1850

1913

1980

2000

2020

Customer
Needs

Customized
Product

Low product cost

Variety
products

of

Customized
products

Clean products

Market

Very
few
demand

Steady demand

Small volume
per product

Fluctuating
demand

Green Production

Business
Strategy

Pull

Push

Push-Pull

Pull

Pull

Technology
Enabler

Electricity

Standardization

Computers

Information and
Communication
Technology

Nano/Bio/material
Technology,
Energy Management

Process
Enabler

Machine
Tools

Assembly Line

Flexible
Manufacturing
Systems
Robots

Manufacturing
Execution systems

Process Innovation
for
responsible
manufacturing

However Operations Management based organizations have found MC to be better strategy for
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varying needs of the current customer oriented market, This operations paradigm challenges
organizations by increasing uncertain demand and forcing firms to reevaluate and redesign their
operational practices to decrease uncertainty and increase speed with flexibility [11]. So far,
great synergy can exist between MC and continuous improvements [12] . Womack et al. [13]
introduce lean as a techniques to reduce muda in the manufacturing processes. Sahin (2000) [14]
discusses scope of lean to such operational redesigns with continuous improvement, first time
quality conformance and flexible production. So far, lean has arisen as a popular practice in
supply chain management[15]–[17]. Other scholars suggest similarities between lean and other
operational supply chain practices such as just-in-time ( JIT) [11] and agility [14].
According to Lucke[18] a Smart Factory is identified as a manufacturing solution that provides
flexibility and adaptability to production processes, these capabilities give a solution to the
encountered problems in a dynamic and faster way where complexity increases and traditional
ways of making products are not possible.
Because of the increased influence of Internet and globalization, companies worldwidestarted to
consider a shift on how to conduct business and develop strategies, leading to the conclusion of
include production plans that satisfy customers’ needs and wants but as well considering the
benefits of mass production efficiency [19]. MC in manufacturing supply chain has some
implications that concerns material flow and information, this leads to the connection between
product types and the decoupling point, affecting customer satisfaction [20]. Appropriate
operational systems and machinery need to align manufacturing processes dealing with
individualized flexibility but at the same time using resources efficiently with quality [21].
The importance of Industry 4.0 for individualized production is that the recent developments in
technologies like digital technology, manufacturing technology, and network technology are
integrated to boost design-production-management-service [22]. Customers are getting involved
more and more in the design processes, and that puts them in the position of being active buyers
[22]. Fettermann[23] highlights industry 4.0 technologies and its contribution to operation
management. Based on chi-square test results are obtained to show technologies maturity level
and their association in different areas of operation management. The analysis of cases highlights
the use of information and communication technologies in just in time manufacturing areas.
Industry 4.0 could increase the precision of activities that is favorable for MC and quality
enhancement.
Without Industry 4.0 and smart manufacturing, customization requires dynamic operating
network as considered from business perspective because the purpose at the end of MC is to
adapt one-to-one, allowing customers to design products themselves [24]. Some advantages of
MC include:
1. Increased cash flow: minimize inventories and maximize cash flow
2. Maximized market share due to higher customers’ satisfaction and clients
3. Reduced cost of inventories and material waste: implementing just-in-time, make
to order and not produce to stock
4. Shorten response time: flexible manufacturing can cope up demands quickly.
5. Ability to supply all services and goods at bottom prices
Technologies like IoT, IoS, and CPS work as enablers of Industry 4.0 [25] and bring the concept
of make-to-order to a different level of manufacturing in which all the advantages presented
before came as a result of the interaction between customers and companies. With the help of
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Industry 4.0, the following approaches to MC are highlighted [24].
Tabel 2.Approaches of MC
Adaptive Customization
standard product can be
bought and customers
have the
option of modifying those
by themselves according
to their own needs

Collaborative
Customization
Companies
create
a
dialogue with customers to
address their needs and
wants and then develop
customized outputs to
meet those needs. Nike,
Dell and Levi’s has a
computer system is each
shop, provided to measure
customers’ needs, the
information is sent to the
shop floor where the
company
produce
a
custom-fitted good.

Transparent Customization

Cosmetic Customization

Companies
provide
custom products and the
customers do not know
that a product has been
customized for them. This
approach can be found in
business like Amazon or
Netflix, in which each
profile is tracked how each
individual uses the service
and then start to suggest
features that customer
might find useful

A standard product is
produced but packaged
differently
for
each
customer. The examples
are chip producers that
need to use different
packages
for
each
customer, like Lays, other
retailers or supermarket
brands

Industry 4.0: Most Efficient tool for Mass Customization
Chung (2005) [26] has empirically defined the relationships between mass customization, IT
infrastructure flexibility with business performance. It is the opinion of the authors that smart
design and production control is necessary elements of a smart factory of the future to realize the
MC strategy. In order to fulfill the elementary idea of the MC concept, application of automated
and knowledge-based design systems is highly required.
Manufacturing Execution Systems (MES) have been pivotal in the performance, quality and
agility needed for the global business challenges [27]. Qiang [28] prepared a model to measure
MC based on data from manufacturing firms and provided theoretical justification MC and
describes the relationship between time based MC and Value to Customer.
Industry 4.0 encapsulates future industry development practices to achieve more efficient and
intelligent manufacturing processes, including dependence on Cyber Physical Systems,
improvement of Cyber Physical Production Systems and enact and operation of smart factories.
Given below planning objectives form the foundation for industry 4.0.
1. Standardization
2. Efficient management
3. Establishment of a comprehensive and reliable industrial broadband infrastructure
4. Safety and security
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5. Organization and design of work
6. Staff skill enhancements and unending professional development
7. Establishing regulatory framework
8. Improvement in efficiency of resource use
MC is one of the potential characteristic including energy management and efficiency of
Industry 4.0 which can improve sustainability of smart factories. Efficiency can be improved if
energy consumption data is provided from shop floor (at production line, processes level
machine, etc.) to decision makers in real time at any location (using mobile device) and finally
integrating this data in production management practices [29].
T. Stock, G. Seliger[30] studied industry 4.0 and presented a model for sustainable
manufacturing with micro and macro perspective. A smart product holds all information about
manufacturing process energy requirements from renewable energies.
Industry 4.0 enables faster response to customer priorities than is possible today. It enhances the
flexibility, productivity and improves quality of the production process. It lays the foundation
for the adoption of new business models as well as innovations. This will enable a higher level of
MC as more manufacturers invest in Industry 4.0 technologies to enhance and customize their
product and services.
There are nine technology trends that lays the foundation of Industry 4.0 and explored their
potential technical and economic remunerations for industrial producers and production
equipment suppliers. They also investigated industry 4.0 impact on productivity, revenue and
employment.
As standardization is enabler for mass production and is decreased with MC, control should be
redirected towards the shop-floor level for quick adaption of changed demand.
Currently, Industry 4.0 lacks an explicit definition. Cyber Physical systems for which
collaborative networks are forerunner, data has to be shared throughout the supply-chain for full
use. Intelligent automation with reorganization of labor within the production system is essential
to offer customized products of superior quality and competitive in price.

Entire Value Chain for Mass Customization -Industry 4.0
As many companies start adopting information and communications technology, real world is
coming closer to virtual world to have a more integrated Cyber Physical Production System
(CPPSs). The CPPSs work as a network of machines, where mechanical and electronic
components communicate with each other via the network. Smart machines share information
about stock levels, changes in demand, faults and orders levels. Value chain concept was
developed by Porter [31]. Value increases when needs are satisfied through products or services;
and it flows from the person (or institution) that is the recipient of resources. These concepts
point out key difference between a value chain and a supply chain as they flow in opposite
directions. Shown below Figure is the order fulfillment value chain as a pictorial of the
comparison [32].
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It is expected that Industry 4.0 allows for a faster response to customer needs than it is possible
today. It improves the flexibility, speed, productivity, and quality of the production process. And
it lays the foundation for the adoption of new business models, production processes, and other
innovations. This will enable a new level of mass customization as more industrial producers
invest in Industry 4.0 technologies to enhance and customize their offerings.

Barriers in shifting from current manufacturing system to industry 4.0
Groover[33] states that many researchers agreed that manufacturing systems are influenced by
different factors, such as the number of workstations, types of operations, system flexibility, and
automation level. These factors are used as a baseline to set the fundamentals of Industry 4.0.
The following types of manufacturing systems are included in Industry 4.0 fundamentals: single
station automated cells, single-station manned cells, automated assembly systems, manual
assembly systems, flexible manufacturing systems, and cellular manufacturing systems [33].
The single station automated cell is wired and digital to accomplish flexibility. It is hard to find
the automated assembly system standardized through computer integrated manufacturing system
that is executed earlier. In both reconfigurable and flexible manufacturing systems, customers
can order goods based on their ideas. Nonetheless, current flexible manufacturing systems lack
real-time responses. It is clear that flexible and reconfigurable manufacturing systems are the
closest to what Industry 4.0 aims to achieve. Hence, the systems depicted in figure are concepts
that are difficult to achieve with current manufacturing systems. To realize these manufacturing
systems, there needs to be a shift in the way processes are set up. For Industry 4.0 developments,
research should aim to meet some of these concepts in all directions and propose a solution to
achieve a process that can be self-configured, self-optimized, self-aware, and help with decision
making. This can finally fill the gap between current manufacturing systems and Industry 4.0.
On the other hand, there is still more than one thing to improve on the side of manufacturing,
underlining that those improvements had to be the future directions. Many levels need to be
scaled up, and the ability to provide consciousness to processes intelligence is extremely
difficult. It is not clearly defined about primary issues manufacturers face to shift toward more
advanced technologies. It may be security concern, cost barrier, lack of skilled people or
integration obstacles. Lu 2017 highlights that industry 4.0 has different sense in diverse
perspectives as defined by authors [34]. Industry 4.0 promotes higher flexibility, mass
customization with increased speed and better productivity in manufacturing. This in turn gives
lesser lead time with high quality individualized product [35].

The Mass Customization Process
Blecker (2005) mentioned six sub processes and their association to realize MC with high value
product. Every sub process has their distinct features, state of the art technologies and enablers.
If customer requirements are not fully captured, MC can never be achieved. Development sub
process facilitates the adaptability to varying needs of customers in to generic product
architecture. Modular architecture has great potential to achieve MC (e.g. Pine, 1993).
Modularity works by mapping every need function to product building blocks with defined
modules interaction. Researchers also highlight pro and cons of modular architecture.
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Commonality and platform strategies are used to increase efficiency in MC. Commonality is the
manifold use of components between and within different products. It reduces internal variety
and costs. Mixing of commonality and modularity is defined as product platform strategy .
To increase probability that each customer can get the exact product to his needs, MC inclines to
offer a very broad range of solutions. Interaction sub process arrests exact customers’ needs and
assigns most appropriate product. For example to buy a customized computer, customers can
arrange the product according to their needs from manufacturer’s website. Due to this input in
the value chain, customers are frequently called "coproducers" or "prosumers"[36] [33].
With increasing level of horizontal integration, suppliers are considered of competitive
advantage and pivotal for cost reduction. In a MC environment, suppliers should have high
responsiveness and flexibility to provide variety. Modular sourcing concept is reducing
complexity of the purchasing process. Doran (2003) highlighted the effect of modularization on
the supply chain. Purchasing function in MC has to be assessed carefully because all suppliers
are not able to provide complex modular solutions. That’s why purchasing sub process has pivot
role in MC.
Pine (1993) highlights manufacturing flexibility importance for MC. Economic order quantity
(EOQ) goes to low levels (almost to one) if the set up costs are highly reduced (almost to zero).
To produce variety efficiently, changeover activities, tooling, programming between products
(Anderson, 1997) must be let down. Production systems of two types can be developed
according to flexibility source for MC. First type flexibility is offered via product design with the
help of modularity; however the second type is through process. Decoupling point (customer
order entry point) decides customization level in production sub process where the products get
their basic identities. Differentiation and postponement are two interrelated concepts, where
differentiation means placing the decoupling point at later point in the production sub process
and the postponement is about delaying some production activities until customer order arrives.
Logistic sub process includes the upstream logistic and downstream logistics with suppliers and
end users respectively. Both upstream and downstream logistics face huge challenges in MC.
The upstream logistics has the responsibility that modules and components are delivered in time
limit according to the mass customizer's schedule. Meanwhile each customer is served
individually, it increases cost. Again, poor delivery reliability makes customers doubtful about
the benefits of MC. There are fat investments in transportation and warehousing. Due to this,
companies are going to outsource logistics services. Third party logistics (3PL) create value for
their business customers.
The information sub process communicate with entirely processes for MC by integrating main
activities for smooth information flow [38]. It should capture the end user needs to develop
product requirements with specifications for material processing and assembly, etc. Additionally
it should also have flexibility to program manufacturing system, arrangement for end product
shipment, automatic update on product's order status. Vendor managed inventory (VMI),
electronic data interchange (EDI) and Enterprise Resource Planning (ERP) are some tools which
help to satisfy the widespread variety induced in MC environments.
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Table 3.Mass Customization Sub Processes
Sub
Process
Developme
nt
sub
process

Goal

State of the art
Technology
Software
system
tool
kit
for
customers

Enabler

Feature

Strategies

Modularity

To achieve the economies of
scale,
economies
of
substitution and economies
of scope

Commonality,
platform

Interaction
sub process

Set of product
alternative

Optical
body
scanner, electronic
medium like website

Internet

To increase the probability of
satisfying each customer
requirement

Coproducer
(prosumers)[36],
[37], Customized
standardization,
codesign

Purchasing
sub process

Cost
Reduction

Internet technology
(Cohen 1999), EBusiness, Electronic
Communications

Vertical
integration and
grouping
of
suppliers

To increase responsiveness
and flexibility in providing
variety

Modular sourcing

Product sub
process

Set up cost
reduction

Resource planning,
work
flow
simulation,
Mixed model line
balancing

Delayed
product
differentiation
and
postponement

To minimize
activities
1997)[39]

Customized
standardization
[40]

Logistic
SubProcess

Inventory
reduction and

Information
and
communication
systems

Order
consolidation
from different
industrial
customers , 4PL
logistics(coined
by Accenture
consulting)

Customer satisfaction in
terms of packaging and
transportation

MRP, reorder and
JIT policies as per
nature
and
demand
of
components
(Chandra/Grabis
2004)

Information
Subprocess

Integrate
main
activities
required for
MC [38]

RFID,
Vendor
management activity
(VMI), Electronic
data exchange (EDI)

Real
time
modification of
data

To capture customer needs,
development of product
requirement
with
manufacturing specifications

Integrated
information
system

Generic
product
architecture
for product
variety

changeover
(Anderson,

Mass Customization Challenges
External and internal complexity are real hinders to implement successful MC strategy. External
complexity is confusion faced by customers when they want to customize products. Internal
complexity is due to company's operations due to high product variety in mass customization.
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1. External Complexity
Large variety creates confusion among customers to decide optimal product for them. External
complexity comes because of these three main factors, (1) inefficiency in processing much
information, (2) less product knowledge, and (3) customer reluctance about real requirements.
First complexity factor is inborn to human and cannot influence. Comparing large number of
options need processing capabilities which customer do not possess. Second complexity factor
arises due to lack of knowledge and expertness about the product. Rational comparison
capabilities become better with the use of product. Customers having product knowledge about
functionalities can lower solution space to an achievable subset to make optimal decision. Third
complexity factor is about difficulty in describing their needs.. In this reference, Blecker[38]
presents a model describing MC environment to order products that are not complimenting their
needs. That’s why author points towards the need of good support system during interaction
process.
Companies are providing configuration systems to find valid specified product. Configuration
system also helps to automate the ordering process after capturing customer needs and process
them to production without involvement. Many authors have highlighted in the literature [5].
Although, these benefits seem to be more achievable in the Business to Business rather Business
to Consumer. If customers find configuration task confusing, they might avoid the configuration
process and come out of the website or make other choice [37]. Proper learning of customer is
important to make correct choice by configuration systems. Reducing external complexity is a
tough task in MC. Customers trust will lost to mass customized solutions if wrong product is
selected via configuration systems.. Good configuration systems allow companies to decrease the
degree of external complexity to realize MC effectively.

2. Internal Complexity
Internal complexity is primarily due to the abundance of product variety which decreases
operations efficiency with high cost and slowing supply chain affects. Anderson [39] makes the
division between external and internal variety. External variety is experienced by end users and
internal variety is realized during manufacturing and distribution process. Ashby's law of
requisite variety illustrates the relationship between internal and external variety. It states that
"variety can destroy variety"(Ashby, 1957, p. 207)[41]. It means that system should have enough
internal variety (processes, components, fixtures, tools, etc.) to response and manage the external
variety.

2.1. Variety induced complexity
Industrial companies strive for high levels of effectiveness for their products and efficiency in
product creation to create a competitive edge [42]. Effectiveness in systems theory is described
as the benefits created when fulfilling demands by customers which becomes visible e.g. in
revenues or customer satisfaction. Efficiency, on the other hand, is achieved when the effort
required to realize these benefits is low, e.g. visible in costs.
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From the systems perspective, the impact of variety-induced complexity can be divided into
benefits and efforts. In decisions on product variety, benefits and effort have to be weighed
against each other. Manufacturing companies are moving from standard, high-volume products
to more exotic, low-volume products and product variants. As a result the frequency curve of
products is changing and is becoming broader. Former economies of scale are no longer
achieved. There is a critical point where the company has too many non-profitable product
variants and enters the loss zone when actual costs exceed revenues. The low-volume products
are then typically cross-subsidized by the standard products. Consequently, the broadening of the
product portfolio and uncontrolled adding of product variants lead to a competitive disadvantage.

2.2. Benefits of variety-induced complexity
Although complexity typically has negative connotations, there are clearly benefits associated
with increased complexity which are acknowledged by manufacturing companies. Product
proliferation enables customers to find the products which explicitly match their requirements
and attracts new customers. The extended choice offered to the customers leads to sales
improvements and maintains and expands the customer base [43]. If a company provides a large
portfolio that is aligned with the customers’ requirements, existing customers do not have to deal
with other providers in order to get the desired product. In fact, this can lead to an increase in
profits, revenues and market share.
If a company is able to create a specialized yet broad product portfolio, it can position itself as a
specialized niche provider and achieve a competitive advantage in the market. Variety in
combination with flexible processes can also lead to operational benefits. For example, Toyota’s
production system showed that a production plant is able to produce diverse models on flexible
production lines which enables the plant to level the demand by shifting orders between the
lines[44]. At a production plant level, capacity under-utilization is avoided and on company level
lost sales due to missing capacity are reduced.

Results and Discussion
Manufacturing is at present experiencing a shift in paradigm in the manner is planned,
manufactured and serviced. As a result, a new industrial revolution is developing, named
“Industry 4.0”, which guarantees mass customization large scale manufacturing cost. In author’s
opinion that smart product design and production control are necessary things of a smart factory
to realize the MC strategy.
Presently to achieve MC, strategies are based on the extent of end users involvement. MC
strategy should run efficiently to get high value products. To realize this great synergy is
required between sub processes discussed in paper. Generic sub process gives the flexibility to
adopt any mass customization environment.
Still there are barriers based on external and internal complexity to adopt MC strategy. Both
barriers are discussed in the paper with possible solutions to achieve MC. MC require a tradeoff
between customer requirement and operational reality. Internal complexity has direct relation
with operational efficiency. Only redesign of product cannot achieve efficient MC. Production
system needs to be according process requirement to give large product verities on shop floor.
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Conclusions
Our study generates some interesting findings of the potential use of Industry 4.0 to achieve MC.
The uses of current Industry 4.0 technologies are driver to overcome the barriers of MC
manufacturing. Academic research can benefit from our study to get a better understanding of
the potential use of Industry 4.0 and can so adopt current approaches in the field of smart
manufacturing. Managers can use these findings for better decision making for implementing
Industry 4.0 and to overcome shop floor complexity. Future research can include qualitative
interviews to get a broader view about MC in Industry 4.0 environment.

References
[1]

[2]
[3]
[4]
[5]

[6]
[7]
[8]
[9]

[10]
[11]
[12]
[13]
[14]
[15]

R. O. Chao and S. Kavadias, “A theoretical ramework for managing the new product development
portfolio: When and how to use strategic buckets,” Manage. Sci., vol. 54, no. 5, pp. 907–921,
2008.
A. Griffin and A. L. Page, “PDMA Sucess Measurement Project: recommended Measures for
Project development Sucess and Failure,” J. Prod. Innov. Manag., vol. 13, pp. 478–496, 1996.
R. Kamalini, “Managing Product Variety : an Integrative Review and Research Di,” Prod. Oper.
Manag., vol. 12, no. 1, pp. 79–101, 2003.
B. Pine II and B. Victor, “Making mass customization work,” Harv. Bus. Rev., vol. 71, no. 5, pp.
108–117, 1993.
F. Salvador, C. Forza, and M. Rungtusanatham, “Modularity, product variety, production volume,
and component sourcing: theorizing beyond generic prescriptions,” J. Oper. Manag., vol. 20, no.
5, pp. 549–575, 2002.
C. W. L. Hart, “Mass customization: Conceptual underpinnings, opportunities and limits,” Int. J.
Serv. Ind. Manag., vol. 6, no. 2, pp. 36–45, 1995.
M. Cotteleer, “3D opportunity for production: Additive manufacturing makes its (business) case,”
Deloitte Univ. Press, no. 15, pp. 146–161, 2014.
N. Franke and M. Schreier, “Why Customers Value Self-Designed Products: The Importance of
Process Effort and Enjoyment,” Prod. Dev. Manag. Assoc., vol. 27, pp. 1020–1031, 2010.
C. Prinz, F. Morlock, S. Freith, N. Kreggenfeld, D. Kreimeier, and B. Kuhlenkötter, “Learning
Factory Modules for Smart Factories in Industrie 4.0,” CIRP Conf. Learn. Factories, vol. 54, pp.
113–118, 2016.
S. Horizons, B. I. Victor, and A. C. Boynton, “Making Mass Customization Work,” Harv. Bus.
Rev., no. January, 1993.
E. Alfnes and J. O. Strandhagen, “Enterprise Design for Mass Customisation: The Control Model
Methodology,” Int. J. Logist. Res. Appl., vol. 3, no. 2, pp. 111–125, 2000.
B. Victor and B. J. P. Ii, “New competitive strategies : Challenges to organizations and
information technology,” IBM Syst. J., vol. 32, no. 1, pp. 40–64, 1993.
J. P. Womack, D. T. Jones, and D. Roos, The Machine That Changed The World, 2007th ed. New
York: Simon & Schuster, 1990.
Funda Sahin, “Manufacturing competitiveness: different system to achive the same result,” Prod.
Invent. Manag. J., vol. 41, no. 1, pp. 56–65, 2000.
J. Ben Naylor, M. M. Naim, and D. Berry, “Leagility : Integrating the lean and agile
manufacturing paradigms in the total supply chain,” vol. 62, pp. 107–118, 1999.

284 J.C. Bose University of Science and Technology, YMCA, Faridabad

[16]
[17]
[18]

[19]
[20]
[21]
[22]
[23]

[24]
[25]
[26]

[27]
[28]

[29]

[30]
[31]
[32]
[33]
[34]
[35]

[36]
[37]

M. Christopher and D. R. Towill, “Supply chain migration from lean and functional to agile and
customised,” Supply Chain Manag. An Int. J., vol. 5, no. 4, pp. 206–213, 2000.
I. J. Chen and A. Paulraj, “Towards a theory of supply chain management : the constructs and
measurements,” vol. 22, pp. 119–150, 2004.
D. Lucke, C. Constantinescu, and E. Westkämper, “Smart Factory - A Step towards the Next
Generation of Manufacturing,” in CIRP Conference on Manufacturing Systems, 2008, no. 31, pp.
115–116.
J. Jiao, T. W. Simpson, and Z. Siddique, “Product family design and platform-based product
development: A state-of-the-art review,” J. Intell. Manuf., vol. 18, no. 1, pp. 5–29, 2007.
B. Yang and N. D. Burns, “Implications of postponement for the supply chain,” Int. J. Prod. Res.,
vol. 41, no. 9, pp. 2075–2090, 2003.
D. P. F. Möller, Guide to Computing Fundamentals in Cyber-Physical Systems, 2016th ed.
Switzerland: Springer, 2016.
S. Wang, J. Wan, D. Li, and C. Zhang, “Implementing Smart Factory of Industrie 4 . 0 : An
Outlook,” Int. J. Distrib. Sens. Networks, vol. 2016, pp. 1–10, 2016.
D. C. Fettermann, C. Gobbo, S. Cavalcante, D. De Almeida, and G. L. Tortorella, “How does
Industry 4 . 0 contribute to operations management ?,” J. Ind. Prod. Eng., no. May 2019, pp. 1–14,
2018.
D. Pollard, C. Shirley, and L. Brian, “Strategies For Mass Customization,” J. Bus. Econ. Res., vol.
6, no. 7, pp. 77–86, 2008.
G. Schuh, T. Potente, C. Wesch-potente, A. R. Weber, and J. Prote, “Collaboration Mechanisms to
increase Productivity in the Context of,” Procedia CIRP, vol. 19, no. RoMaC, pp. 51–56, 2014.
S. H. Chung, T. A. Byrd, B. R. Lewis, and F. N. Ford, “An Empirical Study of the Relationships
Between IT Infrastructure Flexibility , Mass,” DATABASE Adv. Inf. Syst., vol. 36, no. 3, pp. 26–
44, 2005.
Francisco Almada-Lobo, “View of The Industry 4.0 revolution and the future of Manufacturing
Execution Systems (MES),” Kournal Innov. Manag., vol. 3, no. 4, pp. 16–21, 2015.
T. S. R.-N. QiangTu, Mark A. Vonderembse, “The impact of time-based manufacturing practices
on mass customization and value to customer,” J. Oper. Manag., vol. 19, no. 2, pp. 201–217,
2001.
F. Shrouf, J. Ordieres, and G. Miragliotta, “Smart factories in Industry 4.0: A review of the
concept and of energy management approached in production based on the Internet of Things
paradigm,” IEEE Int. Conf. Ind. Eng. Eng. Manag., vol. 2015-Janua, pp. 697–701, 2014.
T. Stock and G. Seliger, “Opportunities of Sustainable Manufacturing in Industry 4.0,” Procedia
CIRP, vol. 40, no. Icc, pp. 536–541, 2016.
M. E. Porter and V. E. Millar, “How Information Gives You Competitive Advantage,” Harv. Bus.
Rev., no. July, 1985.
A. Feller, D. Shunk, and T. Callarman, “Value Chains Versus Supply Chains,” BPTrends, pp. 1–7,
2006.
M. P. Groover, Automation, Production Systems, and Computrt Integrated Manufacturing, 2001st
ed. Pearson International Edition.
Y. WangHai, S. MaJing, H. YangKe, and S. Wang, “Industry 4.0: a way from mass customization
to mass personalization production,” Adv. Manuf., vol. 5, no. 4, pp. 311–320, 2017.
P. Zheng, Z. Sang, R. Y. Zhong, and Y. Liu, “Smart manufacturing systems for Industry 4.0: a
conceptual framework, scenarios and future perspectives Pai,” Front. Mech. Eng., vol. 13, no. 2,
pp. 137–150, 2018.
A. Toffler, The third wave: The corporate identify crisis, vol. 69, no. 5. 1980.
M. M. Tseng and F. Piller, The Customer Centric Enterprise. Heidelberg: Springer, 2003.

285 J.C. Bose University of Science and Technology, YMCA, Faridabad

[38]
[39]
[40]
[41]
[42]
[43]
[44]

T. Blecker and G. Friedrich, “Mass Customization: Challenges and Solutions,” Development, vol.
87, no. July 2006, pp. 1-25–25, 2006.
B. D. M. Anderson, Mass Customization , the Proactive Management of Variety. 2009.
R. Duray, “Mass customization origins: Mass or custom manufacturing?,” Int. J. Oper. Prod.
Manag., vol. 22, no. 3, pp. 314–328, 2002.
W. R. Ashby, Design for a Brain an Introduction to Cybernatics, Second. London: Chapman &
Hall ltd, 1957.
Peter E Drucker, Management - Tasks, Responsibilities, Practices, First. New York: Truman
Talley, 1973.
P. Child, R. Diederichs, and Stefan wisniowski, “The Management of Complexity,” McKinsey Q.,
no. 4, pp. 52–68, 1991.
J. K. Liker and T. Y. Choi, “Building Deep Supplier Relationships,” Harv. Bus. Rev., vol. 5, pp.
1–11, 2004.

286 J.C. Bose University of Science and Technology, YMCA, Faridabad

ISFT/2020/R/1087

SYNTHESIS AND CHARACTERIZATION OF THE ZINC
FERRITE NANOPARTICLES BY AUTO COMBUSTION
METHOD
Rajesh Kashyap*1, Ravi Kumar1, Mukesh Kumar1, Sachin Tyagi2, Dinesh Kumar1, 3
Electronic Science Department, Kurukshetra University, Kurukshetra, Haryana, India, 136119
2
CSIR-Central Scientific Instruments Organisation, Chandigarh, India, 160030
3
J.C. Bose University of Science and Technology, YMCA, Faridabad, Haryana, India, 121006
*Corresponding author. Tel.: +91 8950371102, Email: rajeshkashyap1010@gmail.com

1

Abstract
In the present work, Zinc ferrite nanoparticles (ZF NPs) were synthesized by the autocombustion method using the metals nitrate and thiourea as a precursors. As synthesised Zinc
ferrite nanoparticles were confirmed by using the X-ray diffraction (XRD) and average grain
sizes of the ZF NPs were calculated to be 30 nm. Using Fourier Transform Infrared Spectroscopy
(FTIR), metal-oxygen (M-O) bonds were detected at 618 cm-1 and 440 cm-1. Using Scanning
Electronic Microscope (SEM), morphology of ZF NPs was found to be porous and particles were
irregular shaped. Compositions of ZF NPs were detected using Energy Dispersive Analysis XRay (EDAX) and confirmed the presence of element such as zinc (Zn), iron (Fe), oxygen (O) in
ZF. In addition, thermal and hydrodynamic size characteristics of ZF NPs were also investigated
using Thermo Gravimetric Analysis (TGA) and Dynamic Light Scattering method respectively.

Keywords: Zinc ferrite; Auto-combustion; XRD; SEM; DLS.
Introduction
Ferrite materials are the magnetic materials which have combination of iron oxide and metal
oxide. The Ferrite material can be divided into different categories based on their crystal
structure such as soft ferrite (garnet, spinel) and hard ferrite (hexagonal) [1].The different type of
spinel ferrite such as normal spinel, inverse spinel and random spinel ferrite are preferred for
industrial applications. ZF belongs to the normal spinel structure. ZF has the formula (ZnFe2O4)
in which ‘Zn’ and ‘Fe’ display tetrahedral and octahedral cation sites respectively and ‘O’
indicates oxygen anion sites [2]. Thus ZF NPs are represented the face centred cubic structure
[3]. Spinel Ferrite is found wide application in electrical and electronics area due to their
excellent properties such that low eddy current, high permeability, high resistance etc.[4-5].
Ferrites have applications in field of magnetic memory chip, gas sensors, catalysts, medical
diagnosis, microwaves, telecommunication, ferrofluid, permanent magnet etc. [6-7].
In recent years, research on nanotechnology based materials is dominated due to their robust
application in different sector. At the nano level (1-100 nm) properties of the materials are
significantly different from bulk. The properties of materials at nanolevel enhanced such as
mechanical, magnetic and optical properties [8]. Thus nanotechnology based devices have
advantage for faster computers, energy saving device and in medical diagnosis etc. Also
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nanomaterials have a much greater surface area to volume ratio than their conventional form,
which can affect chemical reactivity of materials surface. Advantage of spinel ferrite are that
their nanoparticles are synthesized much lower size and depend on the synthesis method [9].
Several reports were showed that ZF NPs are important oxide materials that found numerous
applications. Hongliang Zhul et al. prepared porous zinc ferrite nanorods (Diameter 5-10 nm) by
a micro emulsion method and used to detected ethanol gas at room temperature from
concentration 50 ppm to 6000 ppm. The nanostructured sensor was found to be sensitive for
ethanol at room temperature operation. Nanostructured materials has high surface to volume
ratio which enhance the sensitivity of sensor by providing more surface area to interact gases
atoms [10]. In another report V. Jeseentharani et al. reported that metal ferrite (M=Co, Cu, Zn,
Mg, Ni) nanoparticles were prepared by solid-state reaction and was tested for humidity. The
higher sensitivity of ZF NPs was observed due to higher porosity of the ZF NPs as compared to
other ferrites [11]. Niyaz Mohammad Mahmoodi et al. reported that magnetic ZF NPs was used
for photocatalytic dye degradation. The presence of the ZF NPs with H2O2 has been increase the
photo dye degradation [12]. Thus ZF NPs has been found large number of application in field of
research. Various types of synthesis route are adopted for ZF NPs such as micro-emulsion,
hydrothermal, co-precipitation and auto combustion [8, 13, 14, 15]. But auto combustion
synthesis is a popular method and offered high yield materials, ease of synthesis and low
temperature process [16].
In present work, ZF NPs were synthesized by auto combustion method. Structure and surface
characteristics of as synthesized ZF NPs were studied by using the XRD and SEM. Optical
characteristics of as synthesized ZF NPs was studies using FTIR and UV-VIS spectroscopy. In
addition EDAX, TGA and DLS characteristics of ZF NPs were also explored.

2. Material and methods
Auto-combustion synthesis method was preferred for synthesis for the ZF NPs. The Zinc nitrate
hexahydrate (Zn (NO3)3.6h2O), Iron nitrate nanohydrate (Fe (NO3)3.6H2O), Thiourea (CH4N2S),
Ammonia (NH3) chemicals were taken as raw materials and purchase from Rankem Chemical
Pvt. company, India. These chemical were dissolved separately in deionised water and finally
mixing together. pH value of solution was fixed 9.5 by adding the ammonia solution. After that
final solution was stirrer on magnetic stirrer at temperature 80 ˚C. This process was run 4-5 hour
and solution converts into viscous gel. This gel converted into brown ash under the application of
combustion process. ZF NPs were produced by crushing the brown ash into mortar pestle. These
ZF NPs were treated with heat treatment at temperature 80 ˚C up to two hour in muffle furnace.
The flow chart of the whole process as shown in fig. 1. [17]
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Fig.1. Synthesis procedure for ZF NPs

3. Results and Discussion
Structure and phase of ZF NPs is studied using XRD (Model Pananalytic Xpert Diffractometer)
with Cu-Kα radiation source. XRD graph of ZF NPs is showed that variation of intensity versus
2theta in Fig. 2. From XRD graph it can be observed that presence of peaks such as (220), (311),
(222), (440), (422), (511), (400) which confirmed the formation of the face centred cubic
structure of ZF NPs [14]. No other extra peaks were observed which revealed that the formation
of the pure ZF NPs. The average grain size and lattice constant calculate 30 nm and 8.834 Å from
equation 1 and 2.
𝒂 = 𝒅𝒉𝒌𝒍 √(𝒉𝟐 + 𝒌𝟐 + 𝒍𝟐 ) ---------- (1)
Where h, k, l is the miller indices of the crystal planes and d is the inter-planer distance.
𝝀

𝑫 = 𝟎. 𝟗 𝜷𝑪𝑶𝑺𝜽 --------------------- (2)
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Where ‘β’ is the half width measurement at half of (311) and ‘λ’ is the wavelength of source.
[13].

Fig. 2. XRD pattern of the ZF NPs
FTIR are the most preferred technique for detects the chemical vibration of bonds. Chemical
bonds are stretch, contract and bend depends upon the energy ‘hv’ absorbed by the materials.
The frequency of an absorption band is proportional to the energy difference between the
vibration ground and excited state. In present research work, infrared spectroscopy measurement
were carried out in the range of 400 to 4000 cm-1. A small pellet of zinc ferrite nanoparticles is
prepared with kBr powder by using hydraulic press. Prepared pellet of zinc ferrite was placed on
a sample holder in the FT-IR chamber and recorded the transmittance with respect to wave
number. Different peaks are observed such as 436 cm-1, 624 cm-1, 1126 cm-1, 1384 cm-1, 1670
cm-1 and 3370 cm-1 as shown in the FTIR spectra (Fig. 3) due to present of different functional
group. Peak observed at 3370 cm-1 due O-H stretching group while peak at 1384 cm-1 due to
N=O stretching vibrations. Peaks are observed at 1670 cm-1 and 1126 cm-1 due to C=C
stretching and C-O stretching respectively. This functional group present might be due to auto
combustion nature of ZF NPs. Important characteristics peaks ZF NPs are observed of are at 440
cm-1 and 618 cm-1 with respect to Zn-O bonds at tetrahedral site vibrations and Fe-O bonds at
octahedral site vibration[11].
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Fig.3. FTIR spectrum of the ZF NPs.
The energy band gap of zinc ferrite nanoparticles are determined by absorption measurement
(fig. 4. (a)) using UV-Vis spectroscopy. The absorption spectra of pure ZF NPs are observed in
the region of 200–800 nm. The energy band gap of as synthesized ZF NPs is calculating using
the Tauc relation [18]. The energy band gap of ZF NPs was calculated to be 2.18 eV as shown in
fig 4 (b).

Fig.4. (a) Absorption spectra of ZF NPs (b) Energy band gap of ZF NPs
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Fig. 5 shows the thermal characteristics of the as synthesized ZF NPs. Weight loss of the ZF NPs
are observed in three steps. The first stages of weight loss are observed at temperature range 50–
120 ᵒC .This weight loss is might be removal of water (O-H) in the ZF NPs as observed in TGA
plot. The second weight loss is observed in region between 150 ᵒC and 450 ᵒC is attributed to the
decomposition metal nitrate. The final weight loss is observed at the temperature range of 500–
560 ᵒC .This decomposition is found to be corresponding of metal oxide formation. At a
temperature above 600 ᵒC, there is minor weight loss occurs. This indicates the formation of pure
ZF NPs [13].

Fig.5. Thermo gravimetric analyses plot of ZF NPs
The SEM is used to analyze the morphology of zinc ferrite nanoparticles. SEM micrograph is
showed that ZF NPs particle agglomerates and become increase the size of particles (fig. 6(b)).
Also it can be observed that ZF NPs has no particular shape in fig 6 (b). The aggregation of
nanoparticles might be due to magnetic nature of the ZF NPs [11]. Another important thing is
observed from SEM micrograph that it can showed porous structure in fig 6(a). This type of
structure has greater advantage in gas sensing application such as easily path provide for gas
diffusion on the surface and enhance the sensitivity of the sensor [16]. Presence of Fe, Zn, O are
confirms the formation of zinc ferrite nanoparticles as shown in fig 6(C). However some
impurity also detects in ZF such as sulphur and carbon this may be due to combustion nature of
reaction and lower temperature process [19].
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Fig.6. SEM image of ZnFe2O4 at (a) magnification power 2000x and (b) 2500x and (c) EDAX
The ZF NPs were dispersed in ethanol solution and ultrasonication for 1h for study their
hydrodynamic size. An average hydrodynamic size of the ZF NPs is observed to be 450 nm as
shown in Fig.7. The hydrodynamic size is observed to be higher as compared to particles sizes
calculate by XRD. This might be due to following reason DLS method measures the size of
particles into the solvent which consisting the solvent layer around the particles. Also ZF NPs
has tendency to aggregate to each other into the solution due its magnetic nature. Similar reports
are available which showed that aggregation of the magnetic NPs occurred in the solvent during
DLS measurement [20].
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Fig.7. Hydrodynamic Size of ZF NPs using DLS

Conclusions
In this present work, ZF NPs were successfully synthesized by using auto-combustion method.
Phase and purity of the zinc ferrite nanoparticles was confirmed by using the XRD. The Average
grain size and lattice size of the zinc ferrite nanoparticles was observed to be 30 nm and 8.834A.
Metal bond (Fe -O and Ni-O) were detected at 618 cm-1 and 440 cm-1. The band gap of ZF NPs
was calculated to be 2.18 eV. Morphology of ZF NPs was found to be porous structure. Average
Hydrodynamic size of the ZF NPs were found to be 450 nm,
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ABSTRACT
The L X-ray intensity ratios (Lβ/Lα, Lγ1/Lα) for the element

53

I have been experimentally

determined at 7 keV synchrotron photon energy. A Peltier cooled Vortex solid state detector (SII
Nano Technology, USA) with an energy resolution of 138 eV at 5.96 keV X-rays was employed
for analysis. The experimental results were compared with the theoretical values estimated from
the data of Puri et al. (1993) and Campbell (2003) with Dirac-Hartree-Slater (DHS) and DiracFock (DF) models. The measured results were found in good agreement with theoretical values.
Keywords: X-ray Fluorescence; Cross-Sections; L X-ray Intensity ratio; Si(Li) Detector;
Synchrotron Radiation.

Introduction
L X-ray fluorescence (L XRF) cross sections and relative intensities of various elements at
different excitation energies play a vital role in the fields of atomic, molecular, medical and
radiation physics. The accurate and precise measurement of these parameters has wide practical
applications like dosimetric computations for medical physics, fundamental studies of X-rays
and Auger electrons process, non destructive analysis of different materials by using different
excitation sources like X-ray tube, radioactive source and synchrotron sources.
X-ray fluorescence (XRF) cross sections may be defined as the product of photoionisation
cross section, fluorescence yield and fractional X-ray emission rates. Non destructive analysis of
various types of samples with energy dispersive XRF technique can be made possible only with
the reliable values of L XRF cross-sections. Also different physical parameters like
photoionisation cross section, fluorescence yield and fractional X-ray emission rates can be
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checked only with measured values of cross-sections. It is well known that different relative
intensities of the photons contribute to the X-ray fluorescence so it is essential to measure it with
accuracy for investigations of atomic inner-shell ionization processes as well as for various
quantitative analytical applications.
Earlier various investigations on experimental L X-ray cross sections with relative intensities
have been done by using radioactive source and X-ray tube as excitation source. Moreover, still
some experimental data on number of excitation energies are not available in the literature.
Garg et al. [1] have measured L X-ray fluorescence cross-sections and relative intensities of
elements Ho, Er and Yb at six excitation energies in the range 11–41 keV by using radioactive
source. The measured results of intensity ratios are in good agreement with the theoretical
values. C. Bhan et al. [2] measured relative intensities for L3 sub-shell X-rays of six heavier
elements (Ho, Ta, Au, Pb, Bi, Th, U) at photon excitation energies of Ag K X-rays with 109Cd
exciter source. Results were in good agreement with theoretical values. L X-ray fluorescence
cross sections for the elements Pr, Ho, Yb, Au, and Pb have been measured by Rao et al. [3] at
photon energies of 23.62 and 24.68 keV by using an X-ray tube with a secondary-exciter system.
The intensity ratios for the intense transitions

𝐼𝐿𝛽
𝐼𝐿𝛼

are in good agreement with the calculated

values. Allawadhi et al. [4] investigated the effect of Coster-Kronig transitions and incident
photon energy on the L subshell X-ray intensity ratios of 4f transition elements. K and L X-ray
production cross-sections and intensity ratios of rare-earth elements for proton impact in the
energy range of 20-25 MeV were reported by Hajivaliei et al. [5]. Lα/Lℓ, Lα/Lβ and Lα/Lγ
intensity ratios have been measured for some elements with atomic range 57 ≤Z ≤ 92 by Durak
and Ozdemir [6] using characteristic L X-rays from targets excited by 59.54 keV photons from
a filtered radioisotope 241-Am point source.
E.Oz. et al. [7] reported relative intensities in 8 different elements with atomic number
ranging from 66-90 at 15 different excitation energies in the interval 8.265-21.705 keV by
consecutive L sub-shells excitation by the K X-rays of the secondary source excited by 59.5 keV
photons emitted by the primary source. The measured relative intensities have been compared to
the theoretical values.
Total L XRF cross-sections and relative intensities

𝐼𝐿𝛽
𝐼𝐿𝛼

and

𝐼𝐿𝛾
𝐼𝐿𝛼

have been measured by

W.Salah et al. [8] for the elements La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Tm, Yb and Lu using a
photon energy of 15.2 keV by using an annular source of 241Am. The accuracy of the
measurements varies up to 6% (except for the Lγ X ray line around 8%).
A. Karabulut et al. [9] measured L XRF cross sections and relative intensity ratios of L X-rays
for some elements in the atomic range 72 ≤ Z ≤92 by using 59.537 keV photons emitted from an
241
Am radio isotope source. Experimental relative intensity ratios of L X-rays have compared
with the experimental values available in the literature with error ≥ 10%. P. Yalcın et al. [10]
measured the measurements of the L X-ray intensity ratio I(Lα)/I(Lβ), I(Lα)/I(Lγ ), I(Lα)/I(Lι),
I(Lβ)/I(Lγ ) and I(Lι)/I(Lγ ) for elements Dy, Ho, Yb, W, Hg, Tl and Pb both by photon
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excitation, in which 59.5 keV γ -rays from a filtered radioisotope 241Am was used and by the
radioactive decay of 160Tb, 160Er, 173Lu, 182Re, 201Tl, 203Pb and 207Bi. Results were found in
agreement with previous theoretical and other available experimental results.
The L X-ray fluorescence cross sections and relative intensities for the elements in the atomic
range 78≤Z≤92 have been measured by L. Demir et al. [11] using 241Am point source. The
measured values have been compared with the theoretical values. The errors in the measured
relative intensity values were 6–8%. M.R. Kacal et al. [12] measured L XRF cross sections and
intensity ratios for some elements in the atomic range 66 ≤ Z ≤ 92 at 22.6 keV photon energy
emitted from a 109Cd radioactive point source. The present values agree reasonably well with
theoretical values with the average differences between 6-14%.
The chemical effect on the L X-ray fluorescence cross-sections, the L X-ray intensity ratios
and the average L shell fluorescence yields of Sm and Eu binary compounds with halogen (F, Cl
and Br) were investigated by B.G. Durdu and A. Kucukonder [13] by using 59.543 keV photons
emitted from an 241Am radio isotope source. The experimental values were compared with the
calculated theoretical values. The overall error in present measurement was estimated to be ~
8%. Xing Wang et al. [14] studied the intensity ratio for elements Ta, W, Au and Pb by
13.1 keV bremsstrahlung radiation. The experimental values were compared with the theoretical
results and other experimental results and found in good agreement with theoretical results.
F. Akman et al. [15] measured Li (i = l, α, β, γ) X-ray production cross section and Lα/Ll, Lα/Lβ,
Lα/Lγ, Ll/Lβ, Ll/Lγ, and Lβ/Lγ intensity ratio values for Yb, Ta, W, Hg, Tl, Pb, Bi, Th, and U using
an excitation geometry at 59.54 keV incident photon energy with Am-241 annular radioactive
source and a high resolution Si(Li) detector. Reasonable agreement is typically observed
between the present and theoretical results.
Recently, H. Bansal et al. [16] measured Lα/Lℓ, Lβ /Lℓ and Lγ/Lℓ intensity ratios or
elements in the range 66≤Z≤83 at tuned photon synchrotron energies in the range 8-17 keV. The
experimental values were estimated with 7% uncertainties.
Most of the measurements on XRF cross sections and intensity ratio are with the radioactive
source and X-ray tube. Very limited results with synchrotron radiation source are available in
literature. In case of X-ray tube, Bremsstrahlung continuum put a limitation for quantitative trace
element analysis as the characteristic X-ray peaks emitted by different elements from sample lie
on high background. On the other side, a very limited excitation energy range and intensity is
available in case of radioactive source. Synchrotron radiation as one of the X-ray source has
superior properties including high flux (103-106 times stronger than the conventional X-ray
sources), highly collimated and linearly polarized in the electron orbital plane. These radiations
can be monochromatized by crystal diffraction method and the photon energy can readily be
tuned over a wide range.
In the present work, we have reported L X-ray fluorescence cross sections and intensity
ratios for element 53I at excitation energy 7keV using synchrotron beam line-16 at Indus-2, India.
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Method of Measurement
Experimental work was carried out at Raja Ramanna Centre for Advanced Technology
(RRCAT), Indore [using Microprobe-XRF beam line (BL-16), Indus –II Synchrotron]. A
pictorial view and schematic optical layout of the synchrotron radiation setup is shown in Fig.1
and Fig.2 respectively and also described by Kumar et al. [17] and briefly explained here.

Fig. 1. Synchrotron radiation setup

Fig.2. Schematic
X-ray microfocus

optical

layout

of

the

1.

A fixed-exit double-crystal monochromator (DCM) with a pair of symmetric and
asymmetric Si(111) crystals (mounted side-by-side), a Kirkpatrick-Baez (KB) focusing
optics and the combination of slits in order to reduce the scattered X-ray background
reaching the experimental station which usually emanates from different optical elements of
the beamline. These slits also help in improving the collimation of the X-ray beam.An angle
of 5o to the asymmetric Si(111) crystals provide 1.5-2 times higher photon flux compared
with symmetric Si (111) crystals.

2.

The Kirkpatrick-Baez (KB) focusing optics (Xradia, USA) comprises of a pairs of Platinum
coated (25nm) elliptical bendable mirrors of size 30 mm (W) × 200 mm (L). The mirrors, as
well as the associated motion mechanism (two independent bender actuators on each
mirrors, tilt and translation motions for each mirrors) have been mounted inside the KB
vacuum chamber housing.

3.

The vacuum chamber of the KB system has two beryllium windows of thickness 75 mm at
the entrance and exit ends. It is possible to operate the KB system either in a helium
environment or under high-vacuum conditions (1×10-6 mbar). All the alignment actuators
used in the KB optics are picomotor driven and provided with linear variable differential
transformer readouts.

4.

The beamline radiation shielding hutch and the personal safety interlock system, allow the
safe operation of the beamline.
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5.

Double-crystal monochromator (DCM) has been placed at a location about 19m from the
source and the KB focusing optics lies around 4.37m away. In addition, there are several
other components such as water-cooled four-blade slit (S1), uncooled four-blade slit (S2),
fluorescence screens, etc. that complete the optical layout of the beamline.

6.

The detector was placed in the horizontal plane at an angle of 90o with respect to the
incident beam in order to take advantage of the polarization geometry of the synchrotron
radiation beam whereas the specimen was placed at 45o with the incident X-ray beam and
detector respectively.

7.

Experimental target of 53I in the form of thin pellet with thickness ~ 0.044337 g/cm2 was
prepared from the powder of KI mixed with cellulose.

8.

Typical recorded L- XRF spectra of 53I at energy 7 keV were recorded and fitted for
different photo peaks with ORIGIN 8.5 software for multi-Gaussian function. L- XRF
spectra of 53I at energy 7keV is shown in Fig 3.
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Fig. 3. L XRF Spectra of

53

I at excitation energy 7 keV

Experimental L XRF Cross-Sections
The experimental Li (i= α, β, γ1) XRF cross-sections of
relation:
𝜎𝐿𝑖 =

𝑁𝐿𝑖
𝐼𝑜 𝐺𝜖𝐿𝑖 𝑚𝛽𝐿𝑖

53

I were evaluated using the following

(1)

Here 𝑁𝐿𝑖 is the number of counts per unit time under photo peak corresponding to Li group of Xrays of the element, Io is the intensity of incident radiation, G is the geometrical factor, 𝜖𝐿𝑖 is the
detector efficiency for the Li group of X-rays, m is the mass per unit area of the elements and 𝛽𝐿𝑖
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is the self-absorption correction factor. The targeted elements were taken in the form of thin
pellets.
The values of self-absorption correction factor 𝛽𝐿𝑖 have been calculated by using the
following expression, assuming that the fluorescence X-rays are incident normally at the
detector.
𝛽𝐿𝑖 =

1−exp[−{(𝜇1 / 𝑐𝑜𝑠𝜃1 +𝜇2 𝑐𝑜𝑠𝜃2 } 𝑡]
(𝜇1 /𝑐𝑜𝑠𝜃1 +𝜇2 𝑐𝑜𝑠𝜃2 )𝑡

(2)

Here 𝜇1 and 𝜇2 are the mass attenuation coefficients corresponding to the incident and emitted
X-ray energies respectively taken from the online data from XCOM (Berger et al.)[18]. The
angle of incidence for primary photons is 𝜃1 (450 ) , the angle of emitted characteristic X-rays
from the target is 𝜃2 (450 ) with respect to the normal to the sample’s surface and t is the target
thickness in mg/cm2.
The product 𝐼𝑜 𝐺𝜖𝐿𝑖 contains the terms related to the incident flux, geometrical factor and the
efficiency of the X-ray detector. To determine this factor, Kα and Kβ X-rays yields were obtained
from the thin samples in the form of pellets of elements K(3.313KeV); K(3.589KeV);
Ti(4.51KeV); Ti(4.93KeV); V(5.427KeV); Mn(5.898KeV); Mn(6.49KeV); Co(8.638KeV) and
Co(8.638KeV), in the same geometry in which the L XRF cross- sections were measured. Above
said samples were selected keeping in view that their K X-ray energies are on the same energy
range as that of L X-ray lines, understudy here.
We can measure 𝐼0 𝐺𝜖𝐿𝑖 by using the relation
𝐼0 𝐺𝜖𝐿𝑖 =

𝑁𝐾𝑖

(3)

𝜎𝐾𝑖 𝑚𝛽𝐾𝑖

Here the various terms have same meaning as those mentioned in Eq. (1), except 𝜎𝐾𝑖 , that is the
Ki X-ray production cross section of target, which has been calculated using the following
relation:
𝜎𝐾𝑖 = 𝜎𝑘𝑃 (𝐸)𝜔𝐾 𝐹𝑘𝑖 (𝑖 = α, β)

(4)

Here 𝜎𝑘𝑃 (𝐸) is the K shell photoionisation cross-sections reported by J.H. Scofield [19] for the
given element at a particular excitation energy E. K-shell fluorescence yield 𝜔𝐾 reported by
M.O.Krause [20] and fractional X-ray emission rates 𝐹𝑘 for Kα,β X-rays reported by J.H.
Scofield [21]. In the case of K shell, it has two spectral lines Kα and Kβ due to ionization by the
incident synchrotron radiations and fractional X-ray emission rates 𝐹𝑘 for Kα,β X-rays are defined
by the formula:
𝐼

−1

𝐹𝐾𝛼 = (1 + 𝐼 𝑘𝛽 )
𝐾𝛼

𝐼

and 𝐹𝐾𝛽 = 1 − (1 + 𝐼 𝑘𝛽 )
𝐾𝛼

−1

(5)

The efficiency curve has been obtained at various characteristic Kα and Kβ X-ray energies from
the samples of K, Ti, V and Mn at excitation energy 7 keV(as shown in Fig.4).
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Fig. 4 Efficiency curve at 7 keV excitation synchrotron radiations.

Intensity Ratio
Experimentally L shell X-ray line intensity ratios

𝐼𝐿(𝑖)
⁄𝐼 (i= β, γ1) were evaluated by using
𝐿𝛼

the following relationship:
𝐼𝐿𝑖
𝐼𝐿𝛼

=

𝑁𝐿𝑖 𝛽𝐿𝛼 𝜖𝐿𝛼

(6)

𝑁𝐿𝛼 𝛽𝐿𝑖 𝜖𝐿𝑖

Where NLi / NLα represent the ratio of counting rates under Li (i= β,γ1) and Lα peaks,
respectively. βLi / βLα is the ratio of the self absorption correction factors of the target
material for the Li (i=β,γ1) and Lα group of X-rays. 𝜖𝐿𝑖 / 𝜖𝐿𝛼 is the detector efficiency values
for the Li (i= α,γ1) and Lα group of X-rays respectively.
Theoretically values of intensity ratio may be obtained by using the relation:
𝐼𝐿𝑖
𝐼𝐿𝛼

=

𝜎𝐿𝑖
𝜎𝐿𝛼

(𝑖 = 𝛽, 𝛾1 )

(7)

Spectra Analysis
Various L X-ray spectral lines were considered according to their transition scheme
proposed by Muller [22]. The energy of different lines was taken from the tabulated data [19].
The Lα and Lβ lines were taken as the combination of Lα1, Lα2 and Lβ1, Lβ2 lines. The Lγ lines
were represented by Lγ1 and Lγ2.Generally Lα1 and Lβ1 lines are the strongest within the series
with relative intensity of 100 and 75 respectively. The relative intensity of Lγ1 line was quite low
and depends on the relative probabilities of their respective interatomic electron transitions.
Atomic transitions correspond to different lines are as follows:
Lα = Lα1 (L3-M5) + Lα2 (L3-M4)
Lβ = Lβ1 (L2-M4) + Lβ2 (L3-N5)
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Lγ1 = Lγ1 (L2-N4)
By using a constant function for the background radiation and Gaussian function, various
L X-ray peaks were fitted and analysed by using software Origin Pro 8.5. Typical L XRF spectra
for 53I at 7 keV with synchrotron radiations is shown in Fig.3.

Theoretical L XRF cross-sections
Theoretical values of the Li(i= α, β, γ1) X-ray fluorescence cross- sections at the given
excitation energy has been calculated using the following relations:
𝜎𝐿𝛼 = [𝜎𝐿1 (𝑓13 + 𝑓12 𝑓23 ) + 𝜎𝐿2 𝑓23 + 𝜎𝐿3 ]𝜔3 𝐹3𝛼

(8)

𝜎𝐿𝛽 = 𝜎𝐿1 𝜔1 𝐹1𝛽 + (𝜎𝐿1 𝑓12 + 𝜎𝐿2 )𝜔2 𝐹2𝛽 + [ 𝜎𝐿1 (𝑓13 + 𝑓12 𝑓23 ) + 𝜎𝐿2 𝑓23 + 𝜎𝐿3 ]𝜔3 𝐹3𝛽
(9)
𝜎𝐿𝛾1 = [(𝜎𝐿1 𝑓12 + 𝜎𝐿2 )]𝜔2 𝐹2𝛾
(10)
where 𝜎𝐿1 , 𝜎𝐿2 and 𝜎𝐿3 are the subshell photoionization cross- sections of the elements at
given excitation energy taken from the standard data table [19] ; 𝜔1 , 𝜔2 and 𝜔3 are the Lsubshell fluorescence yields and 𝑓12 , 𝑓13 and 𝑓23 are the Coster-kronig transition
probabilities.Two different sets of 𝜔𝑖 and 𝑓𝑖𝑗 were taken for theoretical calculation of L
XRF cross-sections. First set is the interpolated predictions of the Dirac-Hartree-Slater
version of the independent particle model by Campbell [23] with recommended values from
Chen et al. [24] and LLNL (Lawrence Livermore National Laboratory) (Perkin et al.) [25].
The second set is taken from the data based on the Relativistic Dirac-Hartree-Slater (RDHS)
model given by Puri et al. [26]. Fnk (F3l,F3α, F1β, F2β, F3β, F1γ,F2γ) are the fractions of the
radiative transition probabilities of the subshells L1, L2 and L3contained in the Kth spectral
line. For example F3α is the fraction of the L X-rays originating from the L3, transitions that
contribute to the Lα peak.
𝐹3𝛼 =

[𝛤(𝑀4 −𝐿3 )+𝛤(𝑀5 −𝐿3 )]
𝛤3

(8)

where F3α is the sum of the radiative transition rate which contribute to the Lα line associated
with the hole filling in the L3 subshell, Γ3 is the theoretical total radiative transition rate of the L
subshell, Γ(M4-L3) is the radiative transition rate from the M4 shell to the L3 shell and Γ(M5-L3) is
the radiative transition rate from the M5 shell to the L3 shell. The radiative transition rate has
been calculated by using Dirac-Hartree-Slater (DHS) model [21] and assuming the same
potential for the initial and final states of the atom undergoing the transition. The secondly,
Dirac-Fock(DF) (Campbell and Wang) [27] model was used which employed different initial
and final atomic Hamiltonians, for which each wave function was built from the relevant singleparticle wave functions. All other Fnx are similarly defined.
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Results and Discussion
The experimental L XRF cross sections for 53I based on two set of parameters i.e. fluorescence
yields 𝜔𝑖 and Coster-Kronig transitions probabilities 𝑓𝑖𝑗 [23,26] along with two different set of
models i.e. DHS [21] and DF [27] at excitation energy of 7 keV are listed in Table 1.
Table 1. Comparison of experimental and theoretical L XRF cross-sections with DHS and DF model.

L XRF Cross- sections in b/atom

Excitation
Energy
(keV)

Ref.

7

Expt.
Campbell [23]
Puri et al.[26]

Lα
DHS
DF
Model
Model
3048.91±160
3006.87
2974.73
3117.55
3084.23

Lβ
DHS
DF
Model
Model
2594.77±129
2574.24
2585.24
2590.81
2603.11

Lγ1
DHS
DF
Model
Model
262.16±16
242.27
259.43
242.27
259.43

The yield values provided by Puri et al. [26] were the logarithmic interpolated values of radiative
and non-radiative rates and make available a complete set of fluorescence and CosterKronig(CK) yields based on the ab initio relativistic Dirac-Hartree-Slater (DHS) model by
considering the onset and cutoff of the different CK transitions [24]. However, Campbell [23]
used a simple approach of interpolating in the ratio of the various yields reported by Chen et al.
[24] and LLNL (Lawrence Livermore National Laboratory)reported by Perkin et al. [25]. In
general, the theoretical values of Li (i=α, β,γ1) fluorescence cross- sections estimated with the
data of Puri et al. (1993) are higher than those reported with Campbell [23] (approx. variation of
4-7%) due to variation in the values of Coster-Kronig transition probabilities. However,
uncertainties in the various tabulated parameters like photoionisation cross section, fluorescence
yields, Coster-Kronig transition probabilities and fractional X-ray emission rates introduce error
in the L X-ray fluorescence cross-sections. The theoretical values of L XRF cross sections has
been calculated by using both, the above said tabulated fluorescence yields and Coster-Kronig
transitions probabilities [23,26].
The measured L XRF cross section of most intense peaks Lα and Lβ at 7 KeV is
observed to be higher than the theoretical estimates of Campbell [23] and Puri et al. [26]. The
overall maximum deviation between experimental and theoretical values estimated to be 2.2%
with DHS model and 0.8% with DF model. In case of less intense peak Lγ1, measured XRF cross
section is again observed higher than theoretical values in the range of 1.1-8.2% with the
parameters of DF and DHS model respectively. These deviations arise due to uncertainties in the
various parameters required to evaluate the experimental results using equation (1).
In case of Lγ1 XRF cross sections, being a least intense peak and having poor detection
efficiency, the maximum deviation between the experimental and theoretical values are observed
to be ~8.2% for DHS model and ~ 1.1% for DF model. While calculating σLγ1 cross-section,
same theoretical results of L XRF cross sections for Campbell [23] and Puri et al. [26] are
305 J.C. Bose University of Science and Technology, YMCA, Faridabad

observed because Campbell [23] and Puri et al. [26] have used identical data of fluorescence
yield ω2 and Coster-kronig transition probabilities f12. These values are based on the same
theoretical predictions made by Chen et al. [24]. In general, experimental results are found to be
higher than the theoretical values from Campbell [23] and Puri et al. [26].
The overall uncertainties of the experimental cross sections were determined by the
propagation of errors in Eqn. (1) and were found of the order of 4-6%. The uncertainties in the
various physical parameters like self absorption correction factor (<2%), target thickness
measurement (<2%), factor IoGε (<1%) and evaluation of peak area (<1%) were observed.
Table 2. Comparison of experimental and theoretical relative L-shell X-ray intensities.
L XRF Intensity Ratios

Excitation
Energy
(keV)

Lβ/Lα
DHS Model
DF Model
0.851±0.0868

Ref.
Expt.

7

Campbell [23]
Puri et al. [26]

0.856
0.831

Lγ1/Lα
DHS Model
DF Model
0.0859±0.00964

0.869
0.844

0.081
0.078
𝐼𝐿𝛽

The experimental and theoretical values for the intensity ratios 𝐼
𝐼𝐿𝛽

of 7 keV are given in Table 2. The measured values 𝐼

𝐿𝛼

𝐿𝛼

and

𝐼𝐿𝛾1
𝐼𝐿𝛼

0.087
0.084

at excitation energy

agree with the theoretical values with

average difference found to be in the range 0.58-2.4% and 0.8 – 2% for DHS and DF model
respectively. The

𝐼𝐿𝛾1
𝐼𝐿𝛼

values of intensity ratio found to be on well agreement with two models

with deviation in the range of 6-10.12% (DHS) and 1.26-2.26% (DF).Although intensity ratio
can be measured from the XRF cross sections σLα and σLβ values, the uncertainty would get
added up quadraturely and becomes equal to 4-6 %. Due to this reason, the error in experimental
intensity ration has been calculated by using Eq.(5) which results in decreased values of 4% error
in intensity ratio. On the other hand, theoretical values of L X-ray relative intensities i.e.
𝐼𝐿𝛾1
𝐼𝐿𝛼

𝐼𝐿𝛽
𝐼𝐿𝛼

and

have been evaluated by using ratio of σLα and σLγ1 with respect to σLα respectively.

The maximum deviation between measured and theoretical values of intensity ratio of

𝐼𝐿𝛽
𝐼𝐿𝛼

is

observed to be 2.4% and 0.8% with DHS and DF model respectively. Corresponding deviation
between intensity ratio of

𝐼𝐿𝛾1
𝐼𝐿𝛼

are observed to be 10.12% and 2.26% with DHS and DF model

respectively.
The measured and theoretical values of intensity ratio of

𝐼𝐿𝛽
𝐼𝐿𝛼

and

𝐼𝐿𝛾1
𝐼𝐿𝛼

is observed to be in close

agreement with theoretical values of Puri et al. [26] and DF model [27]. Experimental results
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seem to be more appropriate by using physical parameters of fluorescence yield and CosterKronig transition probabilities reported by Puri et al. [26] and fractional X-ray emission rates of
DF model reported by Campbell and Wang [27].

Conclusions
The Li(i= α, β, γ1) XRF cross sections were measured at 7 KeV synchrotron energy with overall
maximum percentage of ~2.49% for Lα , Lβ and ~8.2% for Lγ1 cross section. The relative
𝐼𝐿
intensity ratio (𝑖)⁄𝐼 (i= β, γ1) were also measured with maximum percentage deviation of
𝐿𝛼
~2.4% and ~10.12% respectively. X-ray emission rates reported by Dirac-Hartree-Slater (DHS)
and Dirac -Fock (DF) model were used for the present measurement utilizing the theoretical data
of Campbell [23] and Puri et al. [26]. Present results are found in good agreement with the
theoretical values with the presence of physical parameters of Puri et al. [26] with DF model
[27]. Moreover, up to the author’s knowledge, present measurements are new and not available
in literature. Earlier most of the measurements were with the radioactive source and X-ray tubes.
Present measurements with the synchrotron radiations provide polarized monoenergetic
excitation beam with high resolution detector system which help in accurate determination of L
XRF cross sections and relative intensities. Close agreement with Puri’s data [26] along with DF
model [27] is also giving reliability of various physical parameters for the cross section
measurement for various application in the field of atomic and radiation physics. Besides this, in
various quantitative analytical applications, different intensity ratio of the photons are generally
required which contribute to the fluorescence.
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Abstract
With biocomposites holding the baton for the green manufacturing in current times, their
growing demand to meet the industrial application is also gathering momentum. Different
processing parameters are responsible for making biocomposites capable of matching the
standards set by the convention petroleum based products. In this paper, fiber lengths of different
natural fibers used in the biocomposites are studied and their effects on the mechanical properties
of the biocomposites are recorded. This review paper helps to formulate a collective study of
different natural fibers used and the impact the fiber lengths end up having on the mechanical
properties such as tensile modulus, flexural modulus, flexural strength, fracture resistance and
impact strength.
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Introduction
Environmental sustainability and stability are of paramount importance in these current times.
Continuous exhaustion of petroleum based products is leading to depletion of non-renewable
resources and is posing an equally potent threat to the abovementioned ecological stability.
Therefore, Biocomposites are now attaining increased industrial interest to stop the mounting
environmental pressure. In the last decade or so, the bio-fiber composites have undergone
remarkable transformation and new processes have been intensively researched and developed.
With natural fibers(jute, hemp, kenaf, sisal, soy) being incorporated with the natural polymer(
PLAs, PHB,PVA) matrix, an all bio based composite with equivalent mechanical, thermal and
structural properties is the need of the hour with growing global pressure.

Major Processing Methods
Compression molding, extrusion injection molding, direct injection molding and direct long fiber
thermoplastic compounding processes are explicated in this paper.

Compression Molding and Injection Molding
Compression molding and injection molding are usually the methods used in manufacturing of
fiber reinforced composites. Compression molding is a pressure method which has high

310 J.C. Bose University of Science and Technology, YMCA, Faridabad

reproducibility and gives low cycle time. Flat semi-finished products that are usually larger than
the form or are exactly the size of the part that is desired are used
Injection molding on the other hand makes it possible to produce complex geometric
components with functional elements. The product finish time is low and effectiveness is high. It
offers numerous advantages over the compression molding process such as minimal warping and
shrinkage, use of recycled materials, high function integration and economics of scale.
Both compression molding and injection molding have different process parameters such as
temperature, pressure, diameter of extruder, speed of rotation etc. which alter the size, shape and
composition of its constituents especially the natural fibers and thus bring a shift in the properties
of the finished product. Direct compounding for the thermoplastic is another process that is
frequently used for the manufacture of biocomposites.

Size of the Natural Fiber
The dimensions of the natural fiber play a significant role in deciding upon the mechanical and
structural properties of a finished biocomposite product. Depending upon the type of the process
employed and the kind of the raw material used, the fiber dimensions will vary accordingly. For
instance, injection molding will improve fiber dispersion and increase tensile and flexural
properties. On the other hand, extrusion and injection molding also leads to attrition of traditional
and natural fibers causing changes in the length and diameter distribution of fibers
On the contrary, compression molding helps in preserving the isotropic properties of the
biocomposites and reduces changes in the physical properties [2]. The mechanism of fiber
pullout and fiber bridging in the natural fibers is mainly responsible for the change in the
mechanicals properties of these biocomposites.

Fiber Pullout and Fiber Bridging
Fiber pullout and fiber bridging are the most prominent mechanism for energy dissipation in
biocomposites. The presence of both mechanisms is related to interactions of the interface with
the fibers and surrounding matrix. Fracture in fiber reinforced biocomposites is associated with
formation and propagation of matrix-macro cracks followed by successive fiber failure [3] which
entails interfacial de-bonding, crack deflection, fiber bridging and sliding and fiber pullout.
Following set of images shall give a brief overview as to how the crack propagation takes places
and how mechanisms like fiber bridging and fiber pullout are enacted.
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Figure 1 Stress free composite [3]

Figure 2 Loading, crack formation and growth, de-bonding and bridging [3]
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Figure 3 Crack growth and damaged zone evaluation [3]

Figure 4 Fiber failure and pullout [3]

To explain how each phenomenon takes place would be beyond the scope of this paper. In this
paper, we investigate how the dimensions (length, diameter, aspect ratio) of the natural fiber in
biocomposites is responsible for these phenomenon taking place during the fracture and to what
degree does it affect mechanical properties. Since there has hardly been any collective study on
the length of different bio-fibers used in order to infer their impact on the mechanical properties
of biocomposites, therefore this paper shall serve well in fulfilling that purpose. Following is the
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study of different bio-fibers and the effect of their lengths used in the composite on the properties
such as tensile strength, impact strength, flexural modulus, storage modulus etcetera.

Sisal Fiber reinforced with Poly-lactic Acid bio-composite
Sisal is an agave (Agave sisalana) and commercially produced in Brazil and East Africa. Sisal
and its products are facing a decline as agricultural twine with synthetic substitutes dominating
the market. But because of its high strength, easy availability and renewable nature, Sisal is still
one of the most used natural fibers used in natural fiber reinforced composites. With cellulose
78%, 10% hemicelluloses, 8% lignin, 2% waxes, high content of cellulose makes sisal one of the
superior natural fiber [4].
Chaitanya et.al [5] studied the effect of short (3mm) and long (8mm) sisal fiber on the sisal
reinforced poly-lactic acid biocomposites. Two process for different length of the natural fibers
were used, namely Direct Injection molding and Extrusion Injection Molding. The fibers were
finally chopped and the fixed fiber weight fraction was 30%. With fiber length playing a
significant role in the fiber dispersion and orientation in the PLA matrix, the mechanical
properties were also varied accordingly.
For instance, long fibers for both the processes were found to bend and entangle hindering
uniform orientation in the biocomposite [5] where as the fiber dispersion and orientation was
significantly increased for the short fibers which in turn led to an increase in the tensile
properties and the flexural properties for the short fibers as it could be evidenced from the
following graphs. D-IM-LF stands for Direct Injection molding for long fiber and E-IM-SF
stands for Extrusion Injection molding for short fibers. Similar terminology is used for other
combinations.

Figure 5 Comparison of Flexural strength and flexural strength for different combinations [5]
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Figure 6 Comparison of Tensile strength and Tensile Modulus for different combinations [5]

Increased fiber clusters and pullouts leading to inadequate wetting by the PLA matrix were the
factors accredited for decreased tensile and flexural properties whereas in short fibers, there was
more uniform dispersion and lesser stress concentration areas owing to significantly improved
mechanical properties.

Hybrid biocomposite based on Jute, Viscose and Polypropylene
In addition to improvement of strength and stiffness, natural fiber reinforced thermoplastic
composites also improve the toughness [6]. Fracture toughness is defined as the resistance to the
crack propagation and is represented by the symbol K1C which is called critical intensity factor.
The crack resistance or fracture toughness depends upon fiber dispersion, orientation, and length
of the natural fiber after manufacturing. It also is great influenced by the amount of stress
applied, fiber de-bonding, fiber pullout and fiber bridging.
Ranganathan et.al [6] studied the influence of hybrid of long jute and viscose fibers (derivative
of wood pulp obtained via spinning method) incorporated into the polypropylene matrix using
the Direct Long Fiber Thermoplastic Compounding process. The length of the jute fiber was
taken to be 1-2 meter in bundles and the viscose fiber used was 35-40 mm long. Both fibers were
manually connected in the form of long ravings and after being fed into the twin screw extruder.
Maleic anhydride grafted polypropylene was used which was later on separated to study the
average length of the fiber.
Four combination of the thermoplastic with the fibers were studied with different fiber weight
fraction and coupling agent.
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Table 1 Different Combination of Polypropylene and Natural Fiber

Materials

Polypropylene (%)

Jute Fiber (%)

PP-J30
PP-J30-M2
PP-J30-V10
PP-J30-V10-M2

70
68
60
58

30
30
30
30

Viscose Fiber
(%)
0
0
10
10

MAPP
0
2
0
2

The 4th combination elucidated the most enhanced fracture toughness which had long viscose
fibers as well as Maleic anhydride as a coupling agent. The presence of viscose fibers and the
coupling agent both contributed to the increase of the average fiber length too [6]. This can be
evidenced by the fatigue lifetime S-N curves plotted for the 4 different combinations of PP-J30
with viscose fiber and MAPP.

Figure 7 S-N plots for comparing fracture strength for different combinations [6]

This graph shows that addition of viscose fiber which increased the average length of the
natural fiber also restrained the crack propagation by fiber bridging across the stress
concentration zones.
The presence of long fibers leads to weak fiber/matrix interface due to inadequate fiber
dispersion. It results in crack bridging along the fiber-matrix interface along fracture path due to
pull out of fibers providing higher resistance to crack growth. When short fibers are used,
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generally they are uniformly dispersed and the matrix propagates into fibers without fiber
pullouts.

Miscanthus with Polybutylene Succinate (PBS)/ Polybutylene adipate
terephthalate (PBAT)
Miscanthus is a high energy yielding non-food crop that grows three meters tall, looks like a
bamboo and produces a crop every year without the need to replant it again [7]. The modulus of
Miscanthus fiber (6 GPa) is comparable to the sisal fiber (8.5 GPa) [8-10
]. The rapid growth, low mineral content and high biomass yield easily makes it a favorite choice
for bio-fuel as well as reinforcing agent outperforming other alternatives. [11-14]
Muthuraj et al. [15] Studied the effect of reinforcing PBS/PBAT biodegradable polyesters with
miscanthus fibers using extrusion injection molding and the influence of the process parameters
on the mechanical properties of the biocomposite. A methodology was also developed by the
aforementioned authors to determine which process parameter had the most profound impact on
the properties of the biocomposites which was later concluded to be the fiber length of the
natural fiber.
The lengths of the fiber used for the experiment were 2.07mm and 4.65mm. After processing, the
length weren’t significantly reduced. The effect of these two fiber lengths on the properties such
as tensile modulus, flexural modulus, flexural strength and impact strength were investigated
along with other processing parameters. The impact strength for the short fiber (B) for 2mm
length was found to be higher than that of 4mm length (B). This goes against the common trend
of the biofibers with small length showing decreased impact strength. Similarly, the tensile
toughness of the short fiber(B) was found to be higher than the 4mm length biofiber (B). To
determine the reason for this anomaly would be outside the scope of this paper and therefore is
left for other authors to investigate.

Figure 8 Tensile toughness for miscanthus biofiber of length 2mm(B) and 4mm(A) [15]
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Results and Discussion
Following the study of the three biocomposites mentioned above, it is made evident that fiber
length of the bio-fiber used with the matrix of the polymer plays a significant role in influencing
the mechanical properties of the biocomposites.
Sisal fiber of different lengths used in the matrix of Poly-lactic acid using two different processes
that is direct injection molding and extrusion molding had an increasing impact on the tensile
and flexural properties of the biocomposite due to effective dispersion of short fibers in the
matrix whereas the decrease in the same was observed for the long fibers.
Similarly when polypropylene in the matrix form was used with the hybrid of jute and viscose
rovings of length 1meter and 36-40 mm and were grafted with Maleic Anhydride, increase in the
fatigue resistance of the biocomposite was observed. This was down to the weak fiber/matrix
adhesion because of the long fibers used since they assist in arresting the crack propagation.
Miscanthus fiber which non-food crop and has high potential for being used as a biofuel, was
used the biodegradable polyesters such as PBS/PBAT. Two different lengths of 2mm(approx)
and 4mm(approx) were used with the matrix and the individual effect of these two lengths were
inferred on the biocomposite’s impact strength and the tensile strength. In both the cases, in
opposition to the general trend of natural fibers with longer length showcasing high impact
strengths, the impact strength and tensile modulus of the fiber with shorter length was observed.
Notwithstanding the fact that there are other parameters such as pressure in the extruder,
temperature of the heat zones, diameter of the feeder, speed of rotation(rpm) etcetera, fiber
length with the aid of mechanisms fiber pullout and fiber bridging helps in enhancing the tensile
and flexural properties of the biocomposites.

Conclusions
This paper aims to establish a collective study for 3 different biocomposites used and the role
played by the length of natural fiber used in each of the biocomposites. The magnitude of the
mechanisms, Fiber pullout and fiber bridging exhibited help in enhancing the mechanical
properties of the biocomposites in accordance with the length of the natural fiber used in the
matrix.
A more detailed study on the same topic shall further help clarify the role played by fiber length
in estimating the quantitative and qualitative impacts on the biocomposites. Not much rigorous
study has been conducted on this topic and therefore it is deemed necessary to conduct the same.
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Abstract:

In this paper, the effect of silver-nanoparticles (Ag NPs) on switching voltage
of Graphene Oxide (GO) based Metal Insulator Metal (MIM) structure has been investigated.
The Ag-NPs embedded into GO in appropriate amount and deposited on ITO/Glass substrate.
Top electrode in circular shape of diameter 300 µm has been deposited on switching layer
using thermal evaporation technique. Current – Voltage characteristics were investigated to
understand the behaviour of the device. Al/GO-Ag/ITO device shows lower SET and RESET
voltage as compared to undoped GO MIM device. In Low resistance state (LRS), current
conduction was explained by ohmic behaviour and in HRS the current conduction mechanism
was explained by space charge limited current conduction (SCLC). This method provides a
way to optimize the switching voltage of RRAM memory devices.

Keywords: RRAM, MIM, Graphene Oxide, Silver Nanoparticles, Memory.
Introduction:
Memory is an essential part of every electronic system like computers, laptops, mobiles, toys
and micro-controllers. Currently the demand of portable electronic systems has increased day
by day. For that we require memory are of small sizes with low power consumption, high
speed and non-volatile in nature. The conventional Si based RAM devices suffer with a
disadvantage of charge leakage problem, low writing speed and high power consumption etc
[1]. These problems of conventional RAM, motivated the researcher in the field of noncharged based memories like phase change memory, magnetic memory, ferroelectric memory
and resistive random access memory (RRAM). RRAM is one of the best amongst non
charged based memories because of low power consumption, high writing speed and
compatibility with complementary metal oxide semiconductor [2]. RRAM operation is based
on the phenomena of resistance change by applying potential across it. Various metal oxides
such as TiO2[3], ZnO[4], Al2O3[5] and carbon based materials shows good resistive switching
behaviour with few drawbacks associated with them. One of them is uncontrolled position of
conducting filament (CF) between the metal electrodes. Literature reports are available in
which this problem can be handled by embedding metal nanoparticles in switching layers [6].
Leiwen et.al reported that by embedding silver nanoparticles in Al2O3 reduces the switching
voltage and improved On/Off ratio [7]. Shi et.al reported that by embedding silver
nanoparticles at electrode interface improved resistance uniformity and repeatability of the
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devices [8]. Geetika et. al reported that addition of gold nanoparticles in GO improved the
on/off ratio and reduces the switching voltage [9]. In this work silver nanoparticles were
embedded in GO, which controlled the position of CF and reduces SET and RESET voltages.
The advantage of this work lies in its simple fabrication and synthesis process. Both GO and
Ag NPs synthesized by chemical route and homogeneous colloidal suspension were prepared.

Experimental details:
Synthesis of Graphene Oxide:
To synthesize graphene oxide, graphite (1g) were used as a precursor and mixed with
NaNO3 (1g) in sulphuric acid (23 ml) at 0 ºC under constant stirring. KMnO4 were added in
above solution very slowly so that temperature maintain below 20 ºC. To further increase the
oxidation process 80 ml de-ionized water (DI) were added to above solution and heated at 90
ºC under constant stirring for 90 minutes. H2O2 were added to remove excess KMnO4 from
the solution. Washed the prepared solution with HCL and DI water many times to remove
impurity. Dry the filtered paste in an oven at a temperature of 60 ºC. Crushed the dry paste
using mortar pastel, GO were prepared [10].

Synthesis of Silver Nanoparticles:
The soft solution technique was used for the synthesis of silver nanoparticles. Silver nitrate
(AgNO3) was used as a precursor and poly vinyl alcohol (PVA) were used as a capping
agent. Firstly AgNO3 were dissolved in ethanol using hot plate at a temperature of 100 ºC.
The second solution was prepared with the help of PVA and DI water. The appropriate
amount of second solution was added drop-wise into first solution. The prepared solution was
kept at room temperature for 24 hours. PVA were settled down and upper solution were used
for doping in GO [11].

Fabrication of MIM Devices:
For the fabrication of MIM devices, ITO coated glass substrate were used which is also act
as bottom electrode. First cleaned the ITO coated glass substrate with the help of aceton,
isopropyl alcohol and ethanol. The Ag- NPs were embedded into GO and stirred for 2 hours.
The as prepared solution was used for the deposition of thin film on ITO glass substrate by
spin coating method. The thickness of this film has been measured with the help of stylus
profilometer and was found to be 70 nm. Top contact has been deposited on the surface of
GO-Ag layer with the help of thermal evaporation technique using shadow mask. The
schematic of fabricated MIM structure has been shown in figure 1.

Figure 1. schematic structure of the device
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Characterizations :
The morphology of thin film was analyzed by atomic force microscope (AFM) as shown in
figure 2. AFM was used in the non contact mode at a frequency of 150 Khz.The XRD pattern
of GO and GO-Ag as shown in figure 3. The dominant peak (001) of GO was observed at
10.56, and others peaks were observed at (111), (200), (220) and (311) planes. The crystallite
size (D) of Ag NPs were calculated by Debye – Scherrer formula
where λ is the
wavelength of Cu Kα radiation, K= 0.9 (scherrer Constant), β is the full width at half
maximum (FWHW) in radians, and θ is the angle measured in radian, which was found to be
~20 nm.

Figure 2. AFM image of graphene Oxide

Figure 3. XRD pattern of GO and GO-Ag thin film.
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Results and discussions:
The bipolar switching characteristics of MIM device are shown in figure 4. The voltage
across the device were applied in the range of 0 → -2 → 0 → 2 → 0 . In first cycle, the
negative potential was applied on top aluminium electrode and bottom contact was connected
to ground. Initially the device remains in High Resistance State (HRS) denoted by state 1.
But at a particular negative potential of -0.64 V, the device changes its state from HRS to
Low Resistance State (LRS) denoted by state 2 called SET state of the device. When we
further increase the negative potential and reached to -2V, the device remains in LRS. Now
we start decreasing the potential across the device from -2V to 0V, the device remains in
LRS. In positive cycle, the voltage across the device was applied in the range of 0 to +2V.
Initially device remains in LRS, but at a particular positive potential i.e. 0.65 V the device
changed its state from LRS to HRS called RESET state of the device. In our previous work
the SET and RESET voltage was found to be -1.527 V and 1.4 respectively in Al/GO/ITO
device [12].

Figure 4. Switching Characteristics of Al/GO-Ag/ITO device.
To explain the current conduction mechanism in the device, negative side switching
characteristics were plotted on log - log scale as shown in figure 5. From this figure it was
observed that slope value in LRS is approximately equal to one which indicates the ohmic
behaviour of the device and explained by equation (I α V). But in high voltage region of HRS
the slope value is approximately equal to 2 which indicates current conduction mechanism is
due to space charge limited conduction mechanism (SCLC) explained by equation (I α Vn).
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Figure 5. Negative LRS, HRS at log-log scale.

Conclusions: Synthesis of graphene oxide has been carried out using Hummers method.
Silver nanoparticles have been prepared by soft solution technique. XRD and AFM analysis
were done for GO –Ag layer. The SET and RESET voltage were successfully decreased by
doping silver nanoparticles in GO. Current conduction mechanism in the device was
explained by ohmic behaviour and SCLC mechanism. This method provides a way to
optimize MIM devices using this technique.
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Abstract Mobile Adhoc Networks(MANET) are networks in which nodes design themselves in unique
topology without any centralized system. Without using previous infrastructure, nodes can
communicate with one other by framing powerful remote connection[8]. MANET are
introduced to various attacks. WormHole, BlackHole, GrayHole Attacks are network layer
attacks, destroy network topology results in data loss and degradation of network. In
BlackHole Attack, node promotes itself as having shortest path from source to destination.
All packets are absorbed by this node, which degrade network performance. In this Paper,
different methods can be utilized to detect and prevent MANET from BlackHole Attacks are
discussed.
Keywords: MANET, AODV, Black Hole Attack, Security, Routing Protocol.

Introduction
Mobile Adhoc Network is a wireless communication network without framework or
centralized administration. All devices or nodes in MANET communicate with each another
without access points or routers. All nodes itself act as a router to forward packet from source
to destination[1]. All nodes in network take part in network management task. Thus, network
management in MANET is done in distributed manner. In single hop networks, all nodes can
communicate straightforwardly to each other, whereas in multi hop networks, communication
is possible through intermediate nodes. Routing protocols are known as Reactive, Proactive
& Hybrid. Reactive protocols maintain its route on-demand. Proactive routing protocols are
utilized for refreshing data in network. Hybrid protocol is a combination of both proactive
and reactive routing protocols. MANETs are utilized in the zone of military, disaster relief
management, sensor networks, commercial sector, medical service, personal area network.
Main characteristics of MANET are: Self-organizing & Self Managing, Wireless, No Access
point required, Decentralization, Dynamic Topology, Power Constraint, Node is both a host
or router[5]. The Design approaches that are utilized in MANET Protocols are known as
Table Driven & Source initiated on demand. Table Driven is a Reliable routing information
between two nodes in network are kept up using precise accurate routing table and Source
Initiated On Demand characterized as Source starts the course disclosure process when it
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needs an approach to destination. This technique detects all the paths and afterward set up a
final route. Security is primary concern in MANET as nodes are mobile in network.

NETWORK LAYER SECURITY ATTACKS IN
MANET
MANETs are helpless against attacks on different layers because of central coordination
framework. For routing data packets, network layer is significant. Due to attacks on this layer
dropping of packets are caused. Various sorts of attacks are named as :-

Passive Attack- Passive attacks are utilized to gather information about network. Passive
attacks focus on privacy of system. It is very difficult to recognize passive attack because
operations of network are not affected by this type of attack. The objective of attackers is to
acquire data that is being transmitted. The following attacks that comes under passive attacks
are – eaves dropping, traffic analysis[5].
(1)Traffic Analysis - It is a type of attack which is utilized to gain information in which
nodes can communicate with one other and how much data is handled.
(2)Eaves Dropping - This attack is utilized to pick up data that should be stayed secret
during data communication like location, public & private key, password of nodes.

Active Attacks- These attacks are performed by malicious nodes. Nodes consumes energy
to perform active attacks. It incorporates a couple of changes in information or formation of
false data. It might likewise interfere with normal functioning of network. The following
attacks comes under active attacks are- Black-hole attack, Sink hole attack, Sybil attack,
Spoofing attack, wormhole attack, grayhole attack.
(1)Black Hole Attack –All data packets are attracted by Black Hole node by dishonestly
claiming new route to destination node & retains them without sending data to destination.
(2)Sink Hole Attack – In Sink Hole attack, wrong routing information are given by
malicious nodes to produce itself as a particular node & receives whole network traffic. After
receiving traffics, the packet information is either modified or dropped to make network
complicated.
(3)Worm Hole Attack- In wormhole attack, attackers received the packet at one area and
passage the packet at another area.
(4)Gray Hole Attack- It is a packet drop attack, at first route formation are done by
malicious nodes but later it denies forwarding of data.
(5)Sybil Attack- In this attack, false node advances itself that has direct way to arrive at
target. Packets are gathered from source and then drop it. Types of sybil attack are single
Sybil attack, cooperative sybil attack.
(6)Spoofing Attack- In spoofing attack, the network is disturbed by false routing information
or data.

BLACK HOLE ATTACK
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In Black Hole Attack, towards destination node, the hostile node presents itself as having
the shortest way. During route discovery process in AODV Routing Protocol, Black Hole
Attack can be properly executed. The dangerous attack occured in MANET is black hole
attack. It compromises of two types- Single Black Hole Attack & collaborative BlackHole
Attack[6]. In single black hole attack, only a single node is endured, though in multiple black
hole attack various malicious nodes are available in network. There are two motivation behind
attackers in network, first, node is hindered by attackers by changing real route of node &
second, by changing hop count and sequence number. Black Hole attack is completed in two
steps:1.
During route discovery process malicious node changes AODV data, in order to falsely
advertise itself as up to date path to destination.
2. During transmission of data, malicious nodes drop all data packets that are sent to it.

(A)SINGLE BLACKHOLE ATTACKThe behavior of the black hole attack is represented in Fig(1), in which the source node S
wants to establish a route towards the destination node D[4]. Source Node S sends a RREQ
packet to scan for nodes towards destination D. RREQ Packet is received by all nodes in the
path even malicious nodes as shown in fig1(a). Now, fake RREP is respond back by black
hole node with higher sequence number & hop count-1 to source node S. A route from
destination D is also responds back to source node S with correct RREP packet, as shown in
fig1(b). Now, Source node S chooses the most highest destination sequence number and
shortest route to send the data packets, as indicated by the structure of the reactive routing
protocol. Therefore, the source node S would choose the route through the black hole attack.
When the Black hole node has picked up by the route, it deletes all the data packets as shown
in Fig1(c).
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Now, the highest destination sequence number & shortest route to send data packet is chosen
by source node S, as shown in figure.

The route has been chosen through black hole attack by source node S. Once the route is
gained by black hole attack, it deletes all data packets.
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(B) COLLABORATIVE BLACKHOLE ATTACK
In this attack, more than one node act as black hole node. Network Flooding of RREQ packet
is shown in fig2(a).

Now, fake RREP is respond back by black hole node with higher sequence number & hop
count-1 to source node S to delete data packets of malicious nodes as shown in fig2(b).
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MANETs are well known networks utilized completely because of their dynamic nature. As
there is no centralized security management, so these systems experienced Black Hole attack.
Black Hole attack attempts to hamper routing procedure.

LITERATURE SURVEY: Solutions To Black Hole Attack In MANET
(1)Black Hole Attack Detection Using Fuzzy Based Intrusion Detection System
In MANET [2019]
In this paper, ANFIS & PSO Algorithm has been proposed for detection of Black Hole
Attack.
ANFIS (Adaptive Neuro Fuzzy Inference System) – It is a strategy that
incorporates fuzzy logic to neural network. ANFIS forecasts make it conceivable to
reconstitute the future behaviour of attacker and thus to recognize it.
PSO (Particle Swarm Optimization) – PSO use population of candidate solutions to
develop optimal solutions to given problem. PSO is applied to improve the performance of
ANFIS, by changing membership function and after that minimizing the error, as shown in
fig3.
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Node
Neighbour Table
ADSN

FPR
Input Data
Training Data

Set Beginning Parameter Of all Membership Function
Propose PSO premise & resulting parameters
Train using ANFIS
No
Compute Fitness of each parameters
Is halting criteria reached?
Yes

Obtain optimal premise & resulting parameters
Report training results
Decisions/Cautions

Fig 3. Flow Chart for detection of Black Hole Attack using Fuzzy Based Intrusion Detection System in
MANET.

332 J.C. Bose University of Science and Technology, YMCA, Faridabad

(2) Improvisation of QOS Parameters by Detecting and Preventing Black Hole Attack
using Artificial Intelligent Techniques. [2018]
In this paper, Cuckoo Search & ANN Algorithm has been proposed for elimination of Black Hole
Attack. Cuckoo search – It is one of numerous nature-inspired algorithm utilized broadly to take care
of optimization problems in various fields of engineering. It is an extremely powerful in understanding
worldwide enhancement since it can keep up balance among local and global random walks utilizing
exchanging parameter.

Artificial neuron network (ANN) – It is a computational model dependent on the structure and
elements of biological neural networks. Information that moves through the system influences the
structure of the ANN on the grounds that a neural network changes - or learns, it could be said - in
view of input and output,as shown in fig 4.

Create Simulation Enviornment for MANET utilizing height & width of 1000 m

N no. of nodes are initialized & Characterize inclusion of each node
Characterize Source Node & Destination Node
Find route from Source to Destination, using AODV
Check execution of network

Is Network of performance is
No

degraded?
Yes

As
ses
s
par
am
ete
rs

Compute cuckoo search algorithm & Enhance properties of nodes according to
objective function
Is optimize properties of nodes are satisfactory?

Stop
No

Fig 4. Flow Chart for detection & prevention of black hole attack using Cuckoo Search & ANN Technique.
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(3) Detection & Mitigation of Black Hole Attack in MANET using Artificial

Intelligent Technique. [2017]
In this paper, ABC & ANN techniques has been proposed for detection of Black Hole Attack.
Artificial Bee Colony algorithm (ABC) – It is an optimization algorithm dependent on the
intelligent foraging behaviour of honey bee swarm. In the ABC algorithm, the primary portion
of the swarm comprises of employed bees, and the subsequent half establishes the onlooker
bees. The number of employed bees or the onlooker bees is equivalent to the quantity of
arrangements in the swarm. The ABC creates a randomly dispersed beginning population of
SN arrangements (nourishment sources), where SN indicates the swarm size. Artificial
Neural Network (ANN) – It is a computational model dependent on the structure and
elements of biological neural networks. Information that moves through the system influences
the structure of the ANN on the grounds that a neural network changes - or learns, it could be
said - in view of input and output, as shown in fig5.
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Fig 5. Flow Chart for detection & mitigation of Black Hole Attack using ABC & ANN Technique.

(4) Eliminating Collaborative Black Hole Attack by using Fuzzy Logic
in MANET. [2017]
In this paper, fuzzy logic techniques has been proposed for elimination of Collaborative Black
Hole Attack. Fuzzy logic manages with approximate as opposed to fixed and definite
reasoning. Fuzzy factors may have a truth value that reaches in degree somewhere in the range
of 0 and 1; stretched out to deal with the idea of incomplete truth where the truth value may
extend between totally true or totally false. An immense number of complex issues might be
tackle utilizing Fuzzy logic explicitly Fuzzy modelling and optimization technique. Fuzzy
modelling is the comprehension of the issue and investigation of the Fuzzy data where the
Fuzzy enhancement understands Fuzzy model ideally utilizing optimization techniques by
means of membership functions.
Start
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N
o
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Fig 6. Flow Chart for Eliminating Collaborative Black Hole Attack using Fuzzy Logic Technique.

(5) Black Hole Attack Detection In MANET using Artificial Neural Network.
[2014]
In this paper, Artificial Neural Network Techniques has been proposed to eliminate Black
Hole Attack,as shown in fig7. Utilizing a simulated MANET environment., ANNs
demonstrating for detecting the black hole attack examined and it is demonstrated that model
can recognize nodes under black hole attack effectively. ANNs are one of the artificial
intelligence techniques that can give a solid instrument to identifying malicious nodes in
MANETs. High calculation rate, learning capacity through pattern introduction, expectation of
unknown patterns and adaptability attacks the noisy patterns are the primary focal points of
ANNs.
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Fig 7. Flow Chart for detection of Black Hole Attack using Artificial Neural Network
Technique.

.
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V.

PREVENTION TECHNIQUES FOR BLACK HOLE ATTACK
On the basis of literature review the impact of black hole nodes can be concluded as :



The estimations of hop count and path optimality tend to decline linearly. As the
level of nodes ranges to 100 percent the quality approaches zero.

The estimations of reachability does not arrive at zero level even at 100%
grouping of black hole nodes since at this fixation the communication still wins
betweenneighboring nodes. All these results can be very useful for the protocol
designers while designing any protocol for ad hoc network.
From the outcomes acquired it is seen that when the malicious nodes is present in the
network

 It definitely reduces the packet delivery to destination.

 The throughput of network diminishes definitely .

 End to end delay diminishes.
After the black hole attack is overcome and course continuing is done, it is seen that:
 Packtet delivery proportion is obviously better than that of black hole attack.

 Throughput of network increments and reaches to acceptable level.

 End to end delay increments when compared to Normal network.

VI.

CONCLUSION

Black Hole Attack is a sort of Denial of Service (DoS) attack in MANETs in which the
attacker eavesdrops and drop nodes in first period of AODV routing protocol. The malicious
nodes answers with fake RREP to the sender node that starts discovery of route by
communicating RREQ and starts getting all data packets from the node. Author proposed
different arrangements for preventing MANET from black hole attack. Various techniques,
for example, SRD, modification of AODV protocol, mobile agent that roams around
MANET, course confirmation dependent on rank of nodes, neighbor nodes and trust plans
dependent on tables are studied. These are the strategies which can be utilized to prevent
black hole attack. It can be observed that packet delivery ratio and throughput of standard
AODV protocol diminishes because of presence of black hole node in network. However,
when the system condition changes, the general execution of standard AODV protocol can
shift significantly.
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Abstract
Bio-composites are the new era material and it is essential that we look into it to sustain our
future. They are biodegradable and renewable in nature. It can easily replace present
petroleum-based products. And there are different processing parameters which are
responsible for making bio composites capable of matching the standards set by the
convention petroleum-based products. This review paper gives the collective study of how a
bio-composites pre-requisite requires different knowledge in order to make an effective biocomposites. There different mechanical properties are described so that we can easily
compare different bio-composites processing parameters.

Introduction
Environmental sustainability and stability are of paramount importance in these current times.
Continuous exhaustion of petroleum-based products is leading to depletion of non-renewable
resources and is posing an equally potent threat to the abovementioned ecological stability.
Therefore, Bio composites are now attaining increased industrial interest to stop the mounting
environmental pressure. In the last decade or so, the biofiber composites have undergone a
remarkable transformation and new processes have been intensively researched and
developed. With natural fibers (jute, hemp, kenaf, sisal, soy) being incorporated with the
natural polymer (PLAs, PHB, PVA) matrix, an all bio-based composite with equivalent
mechanical, thermal and structural properties is the need of the hour with growing global
pressure.
This is a review paper based on a recent investigation happened in past regarding the biocomposites. It is a way of accumulation of certain work of researcher so that it gives the idea
about how important is for us to understand what is going to happen in the future. As per
investigation, the use of bio-composites can be applied in various field of the aerospace
industry, textile industry, electronic industry, infrastructure industry and in the automotive
industry. The bio-composites are light weighted and renewable in nature with economic in
manufacturing as compared to the synthetic non-biodegradable products. With the
advancement of time, the self-realization for using the bio-material is increased so that we
can sustain our future.
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All elements are from renewable

Bio-composites
Man-made or Synthetic fiber + BioPartly ecoNatural fiber + Petroleum-derived nonbiodegradable matrix

Fig.1: Types of bio composite [1]
The two major pre-requisites for making bio-composite are
1. Reinforcing fibres
2. Matrices for bio composites

Natural fibres
With the advancement of time, the usage of natural fibres has increased due to their various
advantages over synthetic fibres as they are easily available, economical and biodegradable.
According to recent studies, it is also proven that the natural fibre has low density, high
acoustic damping, acceptable modulus-weight ratio, low manufacturing energy consumption
[2].
There is a preconceived notion that natural fibres are sustainable and renewable in nature, but
they are not, either. The source (i.e. living plants), from where these natural fibres are
extracted, are renewable and sustainable, not the fibres themselves.

Fibre sources:
The main source of fibre are plants which further are classified on the basis of their utility as
primary and secondary. Primary plants are usually grown for their fibre content. Sisal, hemp,
jute, kenaf are examples for primary plants. In secondary plant, fibres are produced as a byproduct. Pineapple, coir and oil palm are typical examples of the secondary plant. [3]
e.g. for Primary-Jute, hemp, kenaf, and sisal
e.g. for secondary- Pineapple, oil palm and coir

Fibres types:
There are six basic types of natural fibres. They are classified as follows:
bast fibres……………………………………………………………… (jute, flax, hemp,
ramie and kenaf),
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leaf fibres………………………………………………………………. (abaca, sisal and
pineapple),
seed fibres……………………………………………………………… (coir, cotton and
kapok),
core fibres ……………………………………………………………… (kenaf, hemp and
jute),
grass and reed fibres……………………………………………… (wheat, corn and rice) and
all other types ………………………………………………………… (wood and roots).

Common natural fibres used in recent research papers:
Flax or Linum usitatissimum belong to the bast fibres family. Nowadays the flax is used
repeatedly in textile industries. It is the most common fiber crop in the world It has a low
density with high strength and stiffness. It also shows the better result as compared to the
glass fibre in the field of composites. [4]
Hemp is a member of cannabis family which grows in temperate climate. It also has good
industrial application as it has good young’s modulus with excellent mechanical properties.
[5]
Kenaf is produced from plants of the genus hibiscus which includes about 300 species. It has
a high specific mechanical property with low density. It has good usage in composites. [5]
Sisal with a botanical name of agave (agave sisalana) gets produced for commercial purpose
in southern Mexico. The demand of the sisal fibre is declined with the time which affects its
cultivation. Nowadays synthetic fibres substitute it completely from the market. [5]
Rice husk is the only type of cereal grains which produces full fibres and as per investigation,
it can be of large application in industries nowadays. There are other cereal crops which can
be used for fibre extraction like oats, wheat, etc. [5]
Bagasse is the by-product of the sugarcane left after the extraction of the juice. It is a natural
fibre which is used by manufacturers nowadays to build composites materials.[5]
Jute which belongs to genus Corchorus. It is the bast fibre with economic in nature and it has
also the highest production volume. India is one of the favourable locations to grow jute. [6]
Abaca or banana fibre comes from the banana-like plant and its fruit is not for human
consumption. It has good water-resistant quality with high durability because of which it is
used for marine applications. It is a native plant of the Philippines. It is also known as manila
hemp. It is not economic to grow abaca commercially. [7]
Pineapple is a type of tropical plant with botanical name of Amanas Comosus. PALF has
good availability at low cost. It has high cellulose content. It can be used widely for industrial
applications. Its fibre has good thermal and mechanical properties. [8]
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Ramie is a Urticaceae family member who has over 100 species. Its fibre has application in
textile industries. Its usage is expensive as it is required to go through the pre-treatment
process. As compared to glass fibre, it has high specific modulus and specific strength. [9]
Coir husk fibres is the by-product of the coconut which is available abundantly in India. But
it is a very time-consuming process and require availability of labour. It is much greater of
use in the industrial application as it is more durable than most of the natural fibre present
and no need for any chemical treatment before usage. [10]
Bamboo with the botanical name of Bambusa Shrub is a type of perennial plant suitable for
high humidity regions. It is of various use like in plaiting, carpentry, construction, etc. [11]

Properties:
The properties of natural fibres differ among cited works because different fibres were used,
different moisture conditions were present, and different testing methods were employed.
1.
2.
3.
4.

fibres chemical composition (Cellulose, Hemicellulose, Lignin, Waxes)
physical properties (fibre dimensions, defects, strength and structure)
mechanical properties
interaction of a fibre with the polymer.

The comparison of different physiochemical properties of different natural fibres is shown in
table 1. This show hemp has the highest young’s modulus among the various natural fibres. It
is also concluded from the table that there is a range of mechanical and physical properties as
the fibre’s properties depend on the regions i.e. different regions natural fibres has different
properties.
For comparison steel has
Density

7.80 - 8.00 g/cc

Tensile Strength, Ultimate

420 MPa

Elongation at Break

15 %

Modulus of Elasticity

200 GPa
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Table 1: Physio-mechanical properties of natural fibres [5]
Density(g/cm3)

Young’s modulus
(GPa)

Elongation
break (%)

400

12

3-10

1.5

Bagasse

290

17

-

1.25

Bamboo

140-230

11-17

-

0.6-1.1

Flax

345-1035

27.6

2.7-3.2

1.5

Hemp

690

70

1.6

1.48

Jute

393-773

26.5

1.5-1.8

1.3

Kenaf

930

53

1.6

-

Sisal

511-635

9.4-22

2.0-2.5

1.5

Ramie

560

24.5

2.5

1.5

Oil palm

248

3.2

25

0.7-1.55

Pineapple

400-627

1.44

14.5

0.8-1.6

Coir

175

4-6

30

1.2

Curaua

500-1150

11.8

3.7-4.3

1.4

Tensile
(MPa)

Abaca

Reinforceme
nt

Fiber

strength

at

Particle
2-D
Continu

Woven

Aligned
1-D

Fiber

Aligned

1-D

Non-

Choppe
Rando

Fig.2: Types of reinforcement [1]
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Modification of natural fibres
There is mostly poor compatibility in between natural fibres and reinforcement matrices as
there is a high content of moisture present in the natural fibres. Thus, in order to decrease its
water absorption properties, natural fibres are needed to treat externally by different methods.
This method may change fibres surface properties. This may increase the compatibility of
fibres with different matrices. This bonding between fibre and matrices are very crucial for
the strong material so that it can be used as per desired. It is easy to transfer the stress which
may propagate crack through the matrix of biocomposites. The main two types of method
which can be used for modification of natural fibres to make it compatible for usage are:

1. Physical method
Physical method is used to increase mechanical adhesion between the reinforcement
matrices and the natural fibres. These methods do not bring any chemical change in
the fibres.

Corona treatment:
Corona treatment is a type of physical process in which natural cellulosic fibre’s
surface energy gets activated with some surface oxidation method. It is mostly used to
increase the compatibility between the hydrophobic matrix and hydrophilic fibres.
[12]

Plasma treatment:
Plasma treatment is similar to the corona treatment physical method. The surface
energy of the fibre is exploited and numerous surface modifications are achieved in
accordance with the nature and type of gases used. With the aid of this process,
reactive free radicals and groups are produced and the surface energy can also be
incremented or decremented as well. Surface cross-linking is also induced. [13]

2. Chemical method
Cellulose fibres are strongly polarized fibres. They are innately incompatible with the
hydrophobic polymers due to their own hydrophilic nature. This problem can be
overridden by introducing a third material that is compatible with the other materials
and has intermediate properties between the other two. Various coupling mechanisms
are used (e.g. weak boundary layers, deformable layers, restrained layers, wettability,
chemical bonding and acid-base effect). The different chemical combination of
natural fibres aimed at improving the adhesion within the polymer matrix using
varying chemicals were studied.

Silane treatment:
To enhance the hydrophilic properties of the interface, silane coupling agents play a
significant role. The surface energy of fibres is interlinked to the hydrophilic nature of
these fibres. [14]
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Alkaline treatment:
Mercerization or alkaline treatment is the widely used chemical method to reinforce
natural fibres with thermoplastics and thermosets. It involves removing certain
amount of lignin, wax and oils covering the outer surface of fibre cell wall. It
contributes to disrupting the hydrogen bonding in the network structure which leads to
increasing the surface roughness. [15]

Acetylation:
Acetylation also assists in altering the surface of natural fibres and makes them
hydrophobic. It works on the principle of coating OH groups of fibres that possess a
hydrophilic character with molecules with are hydrophobic in nature. [16]

Malleated coupling:
Malleated coupling differs from other chemical treatments because in this process
maleic anhydride not only alters the fibre surface but also the polymer matrix to
achieve improved interfacial adhesion between the fibre and the matrix. It greatly
strengthens the natural fibre reinforced composites. [17]

Enzyme treatment:
Enzyme treatment is being used in a widespread manner for the processing of natural
fibres. It is finding its ground in textile and natural fibre modifications. Because of
their environment-friendly nature, this treatment is preferred. [18]

Matrices for biocomposites
1. Petrochemical based
 Thermoplastics matrixes
(Polypropylene (PP), polyethene (PE), polystyrene (PS),
(polyvinylchloride))
 Thermoset matrixes
(Polyester, epoxy resin, phenol-formaldehyde, and vinyl esters)
2. Bio-based
 PLA (polylactide acid)
 PHB (polyhydroxy butyrate)
 Starch
 soy-based biodegradable resin matrix

and

PVC

Summary
An extensive study of only a few thousands of different fibres in the world has been
conducted. Most widely known among them are flax, jute, hemp, sisal ramie and kenaf.
Although recently fibres like abaca, pineapple leaf, coir, oil palm, rice husk and bagasse are
also gradually being included in the mainstream fibres. The reasons for such sparse research
are the following:
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Inconsistent fibre qualities,



Widespread variation in fibre properties according to the location and time of harvest,



processing conditions,



sensitivity to temperature,



moisture and



UV radiation.

Though natural fibre reinforced composites have developed significantly over the past few
years because of


low cost,



low relative density, and



high specific strength

The problem of Interfacial adhesion between fibre and matrix still persists. Significance of
the interface and the effect of various types of surface modifications on the physical and
mechanical properties of bio composites. There was an inclination towards chemical
modification rather than physical modification. Malleated and silane treatments have also
recently become the preferred choice. Water absorption of the composites was reduced
without influencing their performance. Environmentally sustainable nature of enzyme
technology is also being used substantially now since it is cost-effective and improves the
product quality as well.
PP and PE are the most popular petroleum-derived thermoplastics employed in naturalized
reinforced composites. Thermoplastics because of their recyclability find greater use than the
thermoset matrix and ecological footprint of thermoplastics is less detrimental than the
thermosets. But there are limitations to thermoplastics too. The mechanical properties of
thermosets such as elastic modulus and strength outweigh those of thermoplastics. Also, an
exponential loss is observed in properties (creep resistance) of thermoplastics above the glass
transition temperature. However, thermoplastics show better fracture toughness than
thermosets and therefore are much useful in resisting impact loads. Bio-based matrices are
now replacing the petroleum-based thermoplastics now. PLA has been at the forefront of this
research in the bio composites field.
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Abstract
Sudden cardiac death (SCD) has become a social problem in India. It is a complex issue where a
patient at SCD risk may be found either similar to a normal person (NP) or to a heart disease
patient. Therefore, identification of SCD patients to screen for life-saving therapy is very
difficult with traditional time and frequency domain techniques. In time domain, the frequency
information is lost and vice-versa. This paper presents continuous wavelet transform (CWT) for
identification of SCD patients. Results obtained show high significance of CWT features in
classification of SCD patients from NP and heart failure patients.

Keywords
CHF, CWT, HRV, NP, SCD.

Introduction
World Health Organization (WHO) estimates that out of fifty six million global deaths in
2015, forty million death incidents occurred due to non- communicable diseases (NCD) only.
These estimates report NCDs a number one killer among all causes of death.Cardiac diseases
emerged out to be the primary reasons for those NCD deaths where approximately seventeen
million deaths per year occurred due to cardiac causes alone, of which 25% were found to
happen sudden cardiac deaths (SCD)[1]. According to Khor GL[2], NCD deaths would be
accounting for seven out of ten deaths by the year 2020 in India and other developing countries.
SCD has become a growing social concern among the non-communicable cardiovascular
diseases because SCD of a young or a working member in the family is a large burden on the
family and the society[3]. Persons who have experienced SCD were found to have some known
or unknown cardiac disease[4]. The fact has been well established that symptoms of this fatal
event appear few minutes to an hour before its occurrence[5]–[7]. Therefore, this can be reversed
to save the precious life, if identified accurately, and then treated timely.
The SCD preventive treatment action requires inputs in terms of high accuracy and
sensitivity of the SCD identified cases. Thus, patients prone to SCD are needed to screen out
from the group of normal people and the people of heart disease. Heart failure patients are
always assumed to be at high risk of SCD, but many of them don’t actually suffer it. Some SCD
patients were found to have normal heart function, but still, they suffered SCD. Therefore, any
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system proposed for the SCD identification should take into consideration this complexity; the
SCD patients must be separated both from normal people and the heart disease patients.
Recently, some research studies [8]–[12]have focused on prediction of SCD by the heart rate
variability signal (HRV); a non-invasive biomarker based on ECG signal. The HRV technique
offers the benefits in terms of an inexpensive non-invasivemeasurement with ease of analysis by
the clinical staff. It has been a useful and reliable predictor of deteriorated cardiovascular health
in the past few decades. However, as stated above, SCD isa very complex problem in that,
people with known or unknown cardiac disease have been found victims of it. Therefore, this
complexity of SCD makes it necessary to further research on HRV in screening of SCDpatients
in order to receive the life-saving therapy. Butin previous studies the ECG signal of normal
people (NP) only were included for comparison, which is insufficient due to the complex
problem of SCD. Rather, the comparison group must also comprise ofpatients with comparable
cardiovascular disease who did not suffer sudden death. Therefore, the present work focused on
identification of SCD patients while considering the normal people as well as heart failure
patients as the comparison groups.Also, in contrast to the previous studies, where feature
extraction were carried out by using the techniques of discrete wavelet transform (DWT) [9],
Wigner -Ville distribution [10]and recurrence plots [11], [12] etc., we focused on utilization of
the continuous wavelet transform (CWT) methodthat provides highly redundant information and
a large freedom in selection of waveletsthan DWT [13].

Materials and Methods
Database
Fifty one ECG signals, from three archived databases of the PhysioBank[14], have been used
in the present study; namelyNormal Sinus Rhythm Database (nsrdb)[14], BIDMC Congestive
Heart Failure Database (chfdb)[15] and MIT/BIH Sudden Cardiac Death Database
(sddb)[16].The nsrdb consist of two channel long term ECG recordings sampled at 128Hz
recorded from eighteen normal people including five males andthirteen females in between the
age group of 20- 50 years.All of these recordings (from 4:00 am to 5:00 am) were processed by
randomly selecting five min ECG signal of each subject from the selected time interval. The
chfdb contains two channel long term ECG signals from fifteen congestive heart failure (CHF)
patients of NYHA class 3- 4 including eleven males and four females of 22- 71 years old. These
signals have been sampled at 250 Hz of sampling frequency. All CHF long term ECG recordings
of length one hour (4:00 am-5:00 am) have been obtained and processed in the same manner as
that of the normal people dataset.The sddb includes two channel long term ECG recordings
sampled at 250 Hz sampling frequency of twenty three SCD patients. This database includes
thirteen males, eight females and tworecordings from unknown genders in between the age group
of 18- 89 years old. All 23 long term ECG recordings of length one hour before the SCD onset
were obtained in this category. However, five HRV signals of the SCD patients were not
included in the analysisdue to pacing of their heart beats.None of the signal from NP or CHF was
rejected, because all of they were found to be originated from sinus rhythm. All HRV signals in
all three classes were derived from lead II ECG. In this work, the analysis has been performed on
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5- minute length of the HRV signal for each subject as shown in Figure 1.It shows a five minute
segment of the ECG signal of an SCD patientjust before the SCD onset. Figure 2 shows the
block diagram of the design methodology used to process the segmented signal to identify SCD
patients. A detailed description of each processing step is provided in next sections.

ECG Signal of a patient at the moment of SCD
3

2.5

2

Amplitude (mV)

5 minutes
1.5

SCD

1

0.5

0

-0.5

-1
4.2

4.25

4.3

4.35

4.4
Samples
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4.55
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Fig.1. ECG signal of an SCD patient at the onset of SCD
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Fig.2. Design methodology
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Experimental setup
The HRV signal generated from the ECG signals of all the three classes are shown in Figures
3-5. These signals were further processed for ectopic identification and replacement[17] as
shown in Figure 2. The ectopics are also termed as false beats that found their origin at other
sites of myocardium than the sinus node.Therefore, these can be identified by analyzing the beat
interval between successive beats such as those differing by twenty percent from its preceding
interval. The identified ectopics were replaced by cubic spline interpolation method. Alsothe
wavelet detrending method was used to clean the unwantedtrends in ultra-low frequency band of
the data[18].
HRV signal of a normal person
1

0.98

0.96

RR interval amplitude

0.94

0.92

0.9

0.88

0.86

0.84

0.82
5

10

15

20

25
Beat number

30

35

40

45

50

Fig.3. HRV signal of a normal person (record 16265)
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HRV signal of a heart failure patient
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Fig.4. HRV signal of a heart failure patient (record chf01)
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HRV signal of an SCD patient
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Fig.5. HRV signal of an SCD patient (record 48)

Continuous wavelet transform(CWT) features of HRV
Continuous wavelet transform is proposed in this study to analyze the HRV time series for
the identification of the SCD patients.
With this transform, starting with a mother wavelet 𝜓, a family of daughter wavelets
𝜓𝑎,𝑏 [13]are obtained with equation (1);
𝜓𝑎,𝑏 =

1
√|𝑏|

𝜓(

𝑖−𝑎
𝑏

) 𝑎, 𝑏𝜖 ℝ, 𝑏 ≠ 0

(1)

where𝑎 𝑎𝑛𝑑 𝑏 are the translation and scaling factors to control the position and width of the
wavelet.
The continuous wavelet transform (𝑊𝑅𝑅;𝜓 (𝑎, 𝑏)) of the RR(i) (HRV) time series is defined as
given below in equation (2);
+∞

𝑊𝑅𝑅;𝜓 (𝑎, 𝑏) = ∫−∞ 𝑅𝑅(𝑖)

1
√|𝑏|

𝜓∗ (

𝑖−𝑎
𝑏

) 𝑑𝑖

(2)

The wavelet periodogram(𝑊𝑃𝑆)𝑅𝑅 (𝑎, 𝑏) from the wavelet transform of HRV series is
computed using equation (3);
(𝑊𝑃𝑆)𝑅𝑅 (𝑎, 𝑏) = |𝑊𝑅𝑅 (𝑎, 𝑏)|2
(3)
The shape of the mother wavelet function has to be selected according to the application.
In this work, the Morlet wavelets have been used as the mother wavelet function. The Morlet
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wavelets are one-parameter family of functions, first introduced in by Grossman and Morlet in
1984 [13], which is defined as;
𝑖2

𝛹𝜔0 (𝑖) = 𝐾𝑒 𝑗𝜔0 i 𝑒 − 2

(4)

For 𝛹𝜔0 (i) to have unit energy, the normalizing constant 𝐾 can been chosen as;
𝐾 = 𝜋 −1⁄4 ,
The transformed normalized wavelet in frequency domain may be represented as;
1

2

𝛹𝜔0 (𝜔) = √2𝜋 1⁄4 𝑒 −2(𝜔−𝜔0 )

(5)
(6)

Hence;
2

𝛹𝜔0 (0) = √2𝜋 1⁄4 𝑒 −𝜔0 ≠ 0.
From the wavelet periodogram as stated in above relations [13], the wavelet power in very low
frequency band (WPVLF), low frequency band (WPLF)and high frequency band (WPHF), their relative
signal powers over the total frequency range,WPTotal(0, 0.4Hz), and the ratio of the relative power
in the LF and HF bands (WRLF/HF) were computedfor each of 51 subjects as the important
features.
As discussed below, all the features computed above were then used for feature ranking and
classification with different classifiers for screening of SCD patients 5 min before their SCD
onset.

Results and Discussion
This work aimed to identify the SCD patients by using continuous wavelet transform. 5 min
ECG signals of each subject in all three classes i.e. SCD, CHF and NP were processed to obtain
their HRV signals. Then the HRV signals were preprocessed for ectopic identification and
replacement by the cubic interpolation method. To remove the ultra low frequency trends, the
wavelet detrending was performed. This preprocessed series was then used to compute the five
features of CWT. A 3D plot of CWT of an SCD patient is shown in Figure 6. Results of all these
features in terms of Mean± STD values are shown in Tables 1-3. Table 1 shows the higher
values of these features in NP class as compared to the CHF class shown in Table 2, which
confirms the relationship of HRV in healthy and pathological groups. Whereas, in SCD patients,
irrespective of any trend with normal and CHF patients, the trend of higher values in LF band as
compared to HF band can be seen in Table 3.
To analyze the significance of CWT features in identification of SCD patients, the feature
ranking of all these features was performed with Kruskal-Wallis test. Results of this test are
shown in Table 4. It can be seen in this table that all CWT features show significantly low pvalues (p < 0.05) and high Chi-Sq. values correspondingly. This indicates that all CWT features
are highly significant to identify the SCD patients.
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Fig.6. 3-D CWT of HRV of an SCD patient (record 31)
Table 1.CWT features of HRV in normal people
HRV Feature

WPVLF
(ms2)

WPLF
(ms2)

WPHF
(ms2)

WPTotal
(ms2)

WRLF/HF

Signal length

Mean ±STD

Mean ± STD

Mean ±STD

Mean ±STD

Mean± STD

5 min

1456.227 ±
2605.837

1144.651 ±
1116.915

1225.024 ±
1309.557

3825.901 ±
4250.514

1.9186±
1.8502

Table 2.CWT features of HRV in heart failure patients
HRV Feature

WPVLF
(ms2)

WPLF
(ms2)

WPHF
(ms2)

WPTotal
(ms2)

WRLF/HF

Signal length

Mean ±STD

Mean ±STD

Mean ±STD

Mean ±STD

Mean±STD

5 min

192.154 ±
258.1733

170.612 ±
251.4864

181.1227 ±
282.45

543.8893 ±
656.4137

1.4631±
1.7120

Table 3.CWT features of HRV in SCD patients
HRV Feature

WPVLF
(ms2)

WPLF
(ms2)

WPHF
(ms2)

WPTotal
(ms2)

WRLF/HF

Signal length

Mean ±STD

Mean ±STD

Mean ±STD

Mean ±STD

Mean±STD
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1078384 ±
3064035

5 min

381666.6 ±
1146037

75871.6 ±
230879.3

1535923 ±
4437882

5.4811 ±
5.0747

Table 4. Results of Kruskal-Wallis test
WPVLF

WPLF

WPHF

WPTotal

WRLF/HF

p

Chi-sq

p

Chi-sq

p

Chi-sq

p

Chi-sq

p

Chi-sq

1.22E-05

22.63

8.28E-06

23.4

9.09E-04

14.01

2.14E-05

21.5

0.0011

13.64

To classify the SCD patients at 5 min before SCD onset, all CWT features along with one
feature of sample entropy and two feature in time domain namely maximum value measured
for the RR intervals and pNN14(%) as discussed in our earlier work [19]were used as the
input to the classifier. Three different classifiers decision tree (DT), k-nearest neighbor (kNN) and multi-class support vector machine (SVM) were used in this work. The leave-oneout cross validation method was used to evaluate the classifier performance. Results of the
classification are shown in confusion matrix shown in Table 5. It can be seen in this table
that best results were obtained with DT classifier. Therefore, the performance measures of
the DT classifier in terms of accuracy, sensitivity, specificity and precision are shown in
Table 6. From the results shown in this table, it can be concluded that SCD patients can be
identified with an accuracy of 84.7826% with the CWT features used with the designed
methodology.
Table 5. Results of SCD classification
DT

Weighted k-NN

SVM (SMO)

Predicted class (%)

Predicted class (%)

Predicted class (%)

Confusion matrix

Actual
class

SCD

CHF

NP

SCD

CHF

NP

SCD

CHF

NP

SCD

94.44

5.56

0

88.89

5.56

5.56

66.67

22.22

11.11

CHF

20.00

60.00

20.00

66.67

26.67

6.67

40.00

33.33

26.67

NP

16.67

11.11

72.22

22.22

0

77.78

11.11

16.67

72.22

Table 6. Classifier performance measures
Accuracy (%)

Sensitivity (%)

Specificity (%)

Precision (%)

84.7826

94.4444

81.8182

73.9130
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Conclusions
For identification of SCD patients, theCWT technique has been chosen in the present work. It
provides the advantages in terms of increased redundancy over DWT which was used in previous
studies.From the results obtained for different feature values, It can be stated that reduced feature
values of the CWT are obtained in heart failure patients, whereas, these features show very high
values in SCD patients. Results of the feature ranking and classifier performance measures
conclude thatCWT features are highly significant in the identification of the SCD patients. An
accuracy of 84.7826%, sensitivity of 94.4444%, specificity of 81.8182% and precision of
73.9130% were therefore, achieved while screening the SCD patients from the normal people as
well as the CHF patients.
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1. Abstract
Much of the financial transaction these days are done through either different online systems like
internet banking, paytm, google pay etc. These systems are used by both genuine users and
fraudsters. Fraudsters use different approaches to breach the security of the systems. Thus,
detection of financial frauds like credit card fraud, corporate fraud and money laundering, has
attracted a great deal of concern and attention and as become an emerging topic of research.
System for processing electronic claims have been increasingly implemented to automatically
perform audits and reviews of claims data. These systems are designed for identifying areas
requiring special attention such as incomplete data input, duplicate claims and medically non
covered services. This paper aims to provide an insight into the machine learning methods applied
to healthcare fraud detection, with focuses on classifying fraudulent behaviors, identifying the
major sources and characteristics of the data. The main techniques that have been used for
financial fraud detection include logistic models, neural networks, and decision trees, all of which
provide primary solutions to the problems inherent in detection and classification of fraudulent
data.

2. Keywords
Fraud, Machine learning, Data mining, Claims, Detection.

3. Introduction
Insurance is an arrangement by which an organisation undertakes to provide a guarantee of
compensation for specified loss, damage, illness, or death in return for payment of a specified
premium. Premium can be defined as an amount paid periodically to the insurer by the insurant for
covering his risk under the specified Policy and Policy can be termed as set of plan of what to do
in a particular situation that has been agreed to officially by a group of people, a government, a
business organisation or a political party. Insurant (Claimant) is the person who pays for the
premium of policy so that the money is received by the Insuree. Insuree is the one who receives
the insured amount after the death of the insurant. And Fraudster can be termed as who
gets money by deceiving person and they used increasingly sophisticated tactics to obtain personal
details of person. Buster, who try to play scammers and breaks up original information.
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Insurance fraud is done by providing false details through insuree to gain the extra benefit.
Insurance fraud is not a victimless crime. When people cheat insurance companies for the sake of
money, the genuine people have to pay increased insurance costs. Insurance companies lose an
estimated billion per year in insurance fraud costs that have to get passed on to bill-paying
consumers.

3.1 Types of Insurance Fraud:


Stolen Vehicle: Some claimants do the falsely report of their vehicle as stolen to gain benefit and
loss is incurred by insurance company.



Vehicle Accident: The vehicle owner orchestrates the destruction of the vehicle to collect
insurance money.
.
Healthcare Insurance Billing: Hospitals provided a service, but billed for a higher level of that
same service. For example, a person may have symptoms of cold, but his/her doctor billed it for
pneumonia, even though the person was suffering from common cold.





Forged Death: To obtain the insured amount, the suicide of a person is often presented as a murder
through the generation of fake evidences.



Hit-and-run Claims: Fraudsters submit many fraudulent claims in short time , receive the
payments and disappear.



Steal–a-little, all-the-time: Fraudsters bill fraudulently over a larger period of time so that the
fraud goes unnoticed.
Insurance company remain committed to paying all genuine claims as quickly as possible, and
strive to achieve a balance between investigating potential frauds and ensuring that genuine
claimants do not face delays as a result. While insurers must inspect all potential frauds, they do
all they can to ensure that genuine claimants get their claims paid quickly and efficiently.
Insurance company take action against those that commit fraud
Fraud Detection works by maintaining a log of correct and incorrect claims, and devise a way to
reduce the debts incurred by false claims.

3.2Types of Frauds in Healthcare Industry:
In this paper different types of fraud and fraud detection techniques have been discussed keeping
the main focus on healthcare insurance as it is major concern of modern life. Healthcare insurance
helps the class of people who cannot afford the high cost of world class treatment. As a result, this
industry is the main target of fraudsters and busters. There can be many kinds of frauds depending
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on the nature and position of the fraud in the system. The healthcare insurance fraud claims are
broadly classified under the following headings:
•Medication without examination: Providing insurance company with the claims that included
invoices for medication and treatment without medical check- up.
• Phantom Claims: Healthcare provider provides the insurance company a claim for
reimbursement for services or procedures that were not performed or for far expensive service /
product than those that were offered to the patient. For example : a healthcare provider had
submitted claims for power wheelchairs that were not needed by the patient. ; charging for
automatic therapy while giving manual therapy to the patient etc.
• Incorrect dates: Not claiming the bill for the insurance period rather reporting the claims for a
period that was either prior to or after or longer than the actual period the benefit.
• Excessive Number of small bills: Providing the manual invoice demands of
3.3 DATA MINING AND MACHINE LEARNING TECHNIQUES
Some tools and techniques are used for fraud detection. Data mining is the process of sorting
through large data sets to recognise patterns and establish relationships to solve problems through
data analysis. Data mining tools allow enterprises to predict upcoming trends. Data Mining is a
cross-disciplinary field that focuses on determining properties of data sets. Various approaches are
used to discover properties of data sets. Machine Learning is one of them. Machine learning
includes Supervised and Unsupervised methods. Supervised methods attempt to discover the
relationship between input variables (attributes or features) and an output (dependent) variable (or
target attribute). For example, disease can be treated as independent identity(attributes or features)
and medicine can be treated as dependant(or target attribute). Supervised methods require
confidence in the correct categorization of the records. Furthermore, they are useful in detecting
previously known patterns of fraud and abuse. Hence, the models should be regularly updated to
reflect new types of fraudulent behaviours and changes in the regulations and settings. Supervised
methods are usually used for classification and prediction objectives including traditional
statistical methods such as regression analysis, discriminant analysis, neural networks, Bayesian
networks and Support Vector Machine (SVM). Unsupervised learning methods are applied when
no prior information of the dependent variable is available for use. Instead, the goal of an
unsupervised learning algorithm is to unify the data in some way or to describe its structure.
Unsupervised methods are usually used for description including association rules extraction,
segmentation methods such as clustering and anomaly detection.

4. Methodology for Fraud detection
The general methodology used for fraud detection consists of following objectives:
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Goal Setting: The objective of this step is to identify and order the types of fraud on which
detection should be focused.
Data Cleaning: Elimination of unwanted observations. This includes deleting duplicate or
irrelevant values from your dataset.
Handling Missing Values: Some data elements are not collected due to error, irrelevance and
excess risk in a specific clinical context.
Data transformation: This step concerns transformation of the raw claim data into new and more
significant views.
Feature Selection: This step aims to define new features out of the original attributes, to maximize
the perception power of the machine learning method in separating fraudulent and legitimate
cases.
Data Auditing: This step performs basic analysis and visualization to become familiar with the
data and checking probability distributions and understanding feature relationships.

Fig. 1 “Data pre-processing steps.”[1]

5. Literature Review
A comprehensive review of the literature identifies the pioneer work in the area of Fraud
detection. Most of these works are based on either one of the techniques of Supervised Learning
or Unsupervised Learning. The paper presents a detailed insight into the various techniques that
have been used to identify frauds that are in trend in the Healthcare Industry. These frauds are
increasing at an alarming rate contributing as a major income source. Fraud detection will help to
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prevent any new frauds from coming over and thus help the insurance providers from severe
financial losses.
Different techniques that have been used in the earlier works in the area have been presented in
this paper.
Some articles are selected as most descriptive of fraud types across this literature after a more
thorough review of the full works. Most articles discuss multiple types of fraud. This paper aims
to provide a survey of the machine learning methods applied to health care fraud detection,
discussing the key steps in data preprocessing, as well as categorizing, summarizing, and
comparing statistical fraud detection methods. This survey, some discussion is provided about
what has been lacking or under-addressed in the existing research, with the purpose of pinpointing
some future research directions. Within the Classification of fraudulent behaviors three parties
may be involved in the commission of health care fraud. They are (a) service providers, including
doctors, hospitals and companies; (b) insurance subscribers, including patients and patients’
employers; and (c) insurance carriers, who receive regular premiums from their subscribers and on
behalf of their subscribers pay health care costs, including governmental health departments and
private insurance companies [1].
80
60
40
20
0
Service providers

Insurance Subscribers

Insurance Carriers

Fig. 2 “Percentages of papers on detecting three types of fraud.” [1]
Statistical methods divided into two classes, supervised and unsupervised methods, depending on
the availability of labels in the training dataset [1].
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Fig. 3 “Percentages of papers on different supervised methods.”[1]
This article will discuss the types of fraud in Turkish health insurance industry and possible data
mining techniques to detect them.

5.1 Some fraud types in health insurance:









Charging extra prices for a treatment in a health center.
Claim of medical invoices with dates prior to or after than the beginning of the insurance period
(this is permitted in some cases).
High number of invoices for a particular insuree in short time frame.
High number of medicine claims in a specific period.
Some cases are those where the insuree buying medicine without medical examination.
Bank account number changes of a business partner such as agency, health center.
High numbers of manual invoice demands whose amounts are smaller than the inspection limit.
Some claims are whose payable amounts are greater than the invoice amounts that insurance
company will pay.
Here data mining software calculates the probability of the anomaly of the record. If the
probability is greater than 50% then the record is anomalous. The anomalous records were
analyzed according to several criteria. Some are explained in this article [2].
Table 1. Anomalous and rejected claims[2].
Total
claim
records

Anomalous
claim
records

%Anomalous
claim records

Rejected
claim
records

%Rejected
claim
records

808348

6595

0.82%

480

0.06%
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Probability
of a
rejected
claim to be
anomalous
30.60%

Turkish Lira is the currency of Turkey.
Table 2. Health center types, average claim amounts in Turkish Lira loans and claim
numbers[2].

# health
centers
# claims
General
average of
claims
(Turkish Lir
a)
Nonanomalous
claims
average
(Turkish Lir
a)
Anomalous
claims
average
(Turkish Lir
a)
Highest
claim
amount
(Turkish Lir
a)
# anomalous
in highest
100 claims

Hospitals

Pharmacies

Freeliance
doctors

Polyclinics

Diagnostic
centers

Medical
visualization
centers
558

743

249

8491

3747

377

331
200
376.
7

29607
6
40.6

37499

13007

13206

218.1

11737
1
184.2

182.9

337.2

376.
3

40.6

217.5

184.1

183.6

337.7

445

62.5

259.1

188.8

137.5

231.7

224
791

10277
.1

14784

18304
9

9260.
7

13314

0

0

4

0

2

0

Table 3. Health centers which have more than three anomalous records for the claims
exceeding 2000 TL[2].

Health
center 1
Health
center 2
Health
center 3
Health
center 4
Health
center 5

# anomalous claims > 2000
Turkish Lira
13

Total amount for these claims (Turkish Lira)

4

30045.28

4

27633.61

6

30898.81

6

40829.09

42744.09
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Health
center 6
Health
center 7
Health
center 8
Health
center 9
Health
center 10

13

39277.32

7

43787.79

5

13498.02

5

32185.25

4

25401.9

In this paper, for fraud detection multiple machine learning techniques are presented and their
performance on various data sets examined. Objective of this paper is achieving superior
predictive performance. The impact of feature engineering, feature selection and parameter
tweaking are explored. Fraud covers some improper activities like, drunk driving, performing
risky acts, illegal activities etc. The insurance industry has grappled with the challenge of
insurance claim fraud, which is improper payouts cause a hit to profitability and encourage similar
delinquent behavior from other policy holders. So the insurance industry has an urgent need to
develop capability that can help identify potential frauds with a high degree of accuracy. For
detecting the fraud, traditional approach is based on developing heuristics around fraud indicators.
The challenge with the traditional approach is that they rely very heavily on manual intervention
which will lead to the following limitations e.g. constrained to operate with a limited set of known
parameters based on heuristic knowledge, inability to understand relationships between
parameters, recalibration of model is a manual exercise. Because of challenging in a traditional
statistics, insurers have started looking machine learning capability. It is present a variety of data
to the algorithm without judgement around the relevance of the data elements.
Datasets pertain to claims from a single area and relate to vehicle insurance claims [3].
Table 4. Features of various datasets [3].
Column1
Number of Claims

Dataset1
8,627

Daraset-2

Dataset-3

Dataset-4

5,62,275

5,95,360

15,420

34

59

62

34

Number of
Attributes
Categorical
Attributes
Normal Claims

12

11

13

24

8,537

5,91,902

5,95,141

14,497

Frauds Identified

90

373

219

913

Fraud Incidence
Rate
Missing Values

1.04%

0.06%

0.03%

5.93%

11.36%

10.27%

10.27%

0.00%

10

12

13

3

Number of Years of
Data
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Challenge faced in fraud detection class imbalance, handling of missing values and handling
categorical values. For overcome these challenges use the feature engineering, feature selection
and parameter tweaking and achieving superior predictive performance. Feature engineering is a
process of transforming raw data into features that gives the better representation.

Evaluate

Brainstorm

Select

Devise

Fig. 4 “Feature engineering process.” [3]
In this paper, model building activity involves machine learning algorithms that can learn from a
dataset and make predictions on unseen data. Such algorithms operate by building a model from
historical data and make predictions on unseen data.

Fig. 5 “Model Building and Testing Architecture.”
Multiple models are built and tested on the above datasets some are logistic regression measures
the relationship between a dependent variable and one or more independent variables, second is
the multivariate normal distribution is a generalization of the univariate normal to two or more
variables, third is boosting, machine learning ensemble learning classifier used to convert weak
learners to strong ones and the last one is bagging using adjusted random forest, unlike single
decision trees which are likely to suffer from high variance or high bias.

5.2 Model Comparison Using Contingency Matrix:
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Table 5. Performance of models on Dataset[3].

True
Positives
True
Negatives
False
Positives
False
Negatives
Recall
Precision
F-Score
Fraud
Incident
Rate

Logistic
Regressio
n
29

MMVG

MRU

AMO

ARF

87

29

30

33

3414

8471

3,414

3,372

3,399

0

66

0

6

3

7

3

7

42

15

80.55%
100.00%

97.00%
57.00%

83.33%
41.66%

91.66%
68.75%

0.78
1.04%

0.9
1.04%

80.55%
100.00
%
0.78
1.04%

0.77
1.04%

0.87
1.04%

The machine learning models performed at varying performance levels for the different input
datasets which allows for an accurate distinction between fraudulent and honest claimants [3].
Table 6. Performance of Various Models[3].
Model Name

Avg. F Score

Rank

Logistic
Regression
MMVG

0.38

5

0.59

4

MRU

0.79

1

AMO

0.57

3

ARF

0.73

2

In fraud detection need for semi-automatic methods that discover the hidden knowledge in
database and data mining automatically filtering through immense amounts of data to find
known/unknown patterns, bring out valuable new perceptions and make predictions. For on
learning the data mining models there are two approaches, supervised learning and unsupervised
learning. Advantages of the supervised learning are that all classes are meaningful to humans and
it can be easily used for pattern classification. But disadvantage is the difficulty associated in
gathering class labels also, when there is bulk input data is available. The advantages of the
unsupervised learning is, it can find patterns that have not been noticed previously. Disadvantage
of the unsupervised learning being because of lack of direction, there may be times when no
interesting knowledge has been discovered in the set of features selected for the training. Proposed
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approaches in this paper are Evolving Clustering Method (ECM) and Support Vector
Machine(SVM). ECM is used to cluster dynamic data, dynamic data are those which keep on
changing with respect to time and when new data point comes in, ECM clusters them by
modifying the position and size of the cluster. A support vector machine is used for classification
and it has an initial training phase where data that has already been classified is fed to the
algorithm. When the training phase is finished, support vector machine can predict into which
class the new incoming data will fall into. ECM is chosen as the clustering technique because
there is a need to cluster dynamic data and SVM as classification technique since it provides the
scalability and usability that are needed in a good quality data mining system [4].
This paper thus represents the systematic, identifiable and comprehensive academic literature
review of the data mining techniques which have been applied to FFD. Data mining technique
plays an important role in FFD, as it is often applied to extract and uncover the hidden truths
behind very large quantities of data. Data mining techniques used for FFD are logistic models,
neural networks, the Bayesian belief network, and decision trees, all of which provide primary
solutions to the problems for detection and classification of fraudulent data. Three objectives of
this paper, first is to develop a framework for [4]classifying the applications of data mining to
financial fraud detection and second is to provide a systematic and comprehensive review of
existing research articles on the applications of data mining to FFD, the third is to use the review
and framework to generate a roadmap for researchers and practitioners seeking to better
comprehend this field. Methodological framework for this research can be divided into three
essential phases: research definition, research methodology, and research analysis. In FFD,
research goal is to create a classification framework for the data mining techniques applied to FFD
and to suggest directions for future research.

Fig.6 “Methodological framework for research.” [5]
In classification framework on data mining and financial fraud detection, higher level comprises
financial fraud based (FF-based) categories, which include bank fraud, insurance fraud, securities
and commodities fraud, and other related financial fraud, whereas the lower level comprises
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fraudulent activities, including mortgage fraud, asset forfeiture/money laundering, healthcare
fraud, insurance fraud, securities and commodities fraud, corporate fraud, and mass marketing
fraud.

Fig.7 “Conceptual framework for classifying the applications of data mining to FFD.”[5]
Data mining application classes is supported by a set of algorithmic approaches to extract the
relevant relationships in the data. First one is classification, builds up and utilizes a model to
predict the categorical labels of unknown objects to distinguish between objects of different
classes. Classification tasks are used in the detection of credit card, healthcare and automobile
insurance, and corporate fraud, among other types of fraud, and it is one of the most common
learning models in the application of data mining in FFD. Second one is clustering, used to divide
objects into conceptually meaningful clusters, with the objects in a group being similar to one
another but very dissimilar to the objects in other groups. The third one is prediction, which
estimates numeric and ordered future values based on the patterns of a data set. The fourth one id
outlier detection, which is employed to measure the “distance” between data objects to detect
those objects that are grossly different from or inconsistent with the remaining data set. The fifth
one is regression, which is a statistical methodology used to reveal the relationship between one or
more independent variables and a dependent variable. And the last one is visualization, which
refers to the easily understandable presentation of data and to methodology that converts
complicated data characteristics into clear patterns to allow users to view the complex patterns or
relationships uncovered in the data mining process.
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Fig.8 “Framework for dissection and organization of the review of articles.” [5]
Table.7 Comparison of the Fraud Detection Techniques based on supervised learning:

Different
Article

Catego
ries

Techniq
ues

Strengths

Limitations

A survey on
statistical
methods for
health care
fraud
detection[1]

Classifi
cation

Neural
Network

Ability to handle
non-linear
relationship.

Decision
Trees

Ability to handle
missing values.

When the sample size
is small and do the
different runs on
single neural
network, there is a lot
of variance.
In order to generate
very large
dimensional data,
need to generate a lot
of rules, which
reduces
interpretability.

Support
Vector
Machine

It has the ability to
solve nonlinear
classification
problems and
require low

A fraud
detection
approach with
data mining in
health

Classifi
cation

373 J.C. Bose University of Science and Technology, YMCA, Faridabad

Results do not have
to be processed due
to the transformation
of input data.

computational
power.

insurance[2]

Comparative
analysis of
machine
learning
techniques for
detecting
insurance
claims fraud[3]

Classifi
cation

Logistic
Regressi
on

In logistic
regression
algorithm can be
regularized to avoid
over fitting.

It has significant
limitation like,
identifying
independent variables
is more difficult.

Boosting

It reduces bias,
variance and it
grants power to
machine learning
models to improve
their accuracy of
prediction.
It reduces the
problem of over
fitting.

It is maximizing the
margin of learned
ensembles.

Bagging

But there is loss of
interpretability of the
model.

Fraud
Detection in
Health
Insurance
using Data
Mining
Techniques[2,4
]

Classifi
cation

Support
Vector
Machine
s

It has the ability to
solve nonlinear
classification
problems and
require low
computational
power.

SVM could not
classify some new
disease like
Parkinson’s Disease
claim.

The application
of data mining
techniques in
financial fraud
detection: A
classification
framework and
an academic
review of
literature[1,2,3,
4]

Classifi
cation

Neural
network

Ability to handle
non-linear
relationship.

Decision
trees

Ability to handle
missing values.

Support
Vector
Machine
s

It has the ability to
solve nonlinear
classification
problems and
require low
computational
power.
In logistic
regression
algorithm can be
regularized to avoid

When the sample size
is small and do the
different runs on
single neural
network, there is a lot
of variance.
In order to generate
very large
dimensional data,
need to generate a lot
of rules, which
reduces
interpretability.
SVM could not
classify some new
disease like
Parkinson’s Disease
claim.

Regress
ion

Logistic
Regressi
on
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It has significant
limitation like,
identifying
independent variables

over fitting.

is more difficult.

Table.8 Comparison of the Fraud Detection Techniques based on unsupervised learning:
Different Article

Categories

Strengths

Limitations

A fraud detection
approach with data
mining in health
insurance [1]

Clustering

It is simple to
implement and scales
to large data sets.

Clustering data of
varying density and size
has not been considered.

Anomaly
Detection

Anomaly detection
have the capability to
detect unknown fraud.

Any mistake in choosing
the feature will increase
the false alarm rate.

Comparative analysis of
machine learning
techniques for detecting
insurance claims fraud[2]

Multivariate
Gaussian

It is more flexible in
terms of cluster
covariance.

When one has
insufficiently many
points per mixture,
estimating the covariance
matrices becomes
difficult.

Fraud Detection in
Health Insurance using
Data Mining
Techniques[3]

Evolving
Clustering
Method

ECM is used to cluster
dynamic data, which
are those which keep
on changing with
respect to time.

Effectiveness
degradation in high
dimensional spaces.

The application of data
mining techniques in
financial fraud detection:
A classification
framework and an
academic review of
literature[4]

K-Nearest
Neighbour

For classify the new
data point K-Nearest
Neighbour algorithm
reads through whole
dataset to find out K
nearest neighbours.

K-Nearest Neighbour
might be very easy to
implement but as dataset
grows efficiency or
speed of algorithm
declines very fast.

5. Conclusion
The development of a safe, high-quality, and cost-effective fraud detection system requires
effective ways to detect fraud. This paper provides a comprehensive survey of research techniques
and their outcomes in different type of fraud detection. Efforts have been made to classify the
fraudulent behaviours, identify the sources and characteristics of data, provide key steps in data
pre-processing, and summarize and compare existing statistical methods. The main objective of
the study is to compare the existing techniques for fraud detection and devise a techniques that is
more efficient , scalable and accurate.
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Abstract
The high grade waste heat rejected in the gas cooler of tc-CO2 compression refrigeration system
(TCRS) is utilized to run the single effect vapour absorption system (SEVAR) to enhance the
energy efficiency of the system. Energetic and exergetic analysis have been done to analyze the
combined system to compute the performance parameters and the irreversibilities occurring in
different components to further increase the performance. The COP of the combined system is
increased to 24.88% while the increase in exergetic efficiency (ηex)is 10.14% respectively over
TCRS with -10°C evaporation temperature and outlet temperature of gas cooler T4 being 40°C.

Keywords
Exergy; vapour absorption; carbon dioxide; waste heat; transcritical.

Introduction
Refrigeration and air conditioning plays vital role in almost every sector of the society. Global
warming and depletion of ozone layer have become the key issue for the conventional
refrigeration systems. In 1987, Montreal Protocol [1], gave the time limit for the usage of
chlorofluorocarbon (CFC) and hydrochlorofluorocarbon (HCFC) refrigerants, as they are
responsible for ozone depletion, but still the use of hydroflourocarbons (HFC)s was being the
major concern as its effects are hazardous for the environment and climate change. In 1997,
Kyoto Protocol [2], limited the use of HFCs with large GWP. In 1998, Robinson and Groll [3],
suggested the use of naturally occurring refrigerants which dohave low GWP and environment
friendly. CO2 as a naturally occurring refrigerant having good thermophysical properties [4]
finds favour across almost all sectors of refrigeration to be used as the refrigerant [5]. It is having
critical temperature of 30.85°C [3]. The net impact of GWP is 1[6].Presently, the emphasis is on
the energy efficient system to fulfill the demand of refrigeration and air conditioning (RAC) of
the society. To improve the energy efficiency of the system, exergy analysis is the favorable tool
to be used as it is defined as the potential of a stream to cause change as well as it tells the
quality of the system, as an effective portion of the potential of the system to have an impact on
environment [8]. It also quantifies the irreversibilities occurring in components of the system.
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The present study focus on the use of waste heat to run the single effect vaopour absorption
system (SEVAR). The waste heat being rejected in the gas cooler (GC) of tc-CO2 compression
refrigeration system (TCRS) [9] is being utilized to run SEVARS, to improve the energy
efficiency of the combined system. The exergy analysis and parametric study of the combined
system is being presented.

System Description
The SEVARS is coupled with TCRS. The superheated refrigerant (CO2) is compressed in a
compact compressor to a high temperature and pressure CO2. The heat rejection of high pressure
and temperature CO2occurred in gas cooler 1 (GC1) and gas cooler 2 (GC2) is utilized by
circulating the water.In GC1, water at 1 atmospheric pressure and 100°Centers and changes its
phase from liquid water to saturated steam at constant temperature of 100°C, as the temperature
of CO2 is well above 100°C. The generated saturated steam is utilized as the heat input to the
SEVARS, where generator is kept at 90°C[10].The temperature of the refrigerant (CO2) is still
higher (more than 100°C) after rejecting heat in GC1, therefore it is required to further reject
heat in GC2 to an optimum gas cooler temperature of 40°C, by circulating the water at 25°C, 1
atm pressure. The hot water obtained from GC2 can be utilized for various applications, such as
desalination, distillation, industrial and domestic uses [8].
Further the refrigerant is passed through refrigerant heat exchanger (RHXTC), to improve the
efficiency of TCRS and expanded through the refrigerant throttling valve RTVTC. The refrigerant
CO2 is expanded upto a low temperature of -10°C. The saturated refrigerant vapour at the exodus
of evaporator gets superheated vapour while exchanging heat in RHXtc which reduces the
compressor work considerably. The working of SEVAR Libr-H2O based system has reported by
various authors [11,12,13,14].
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Fig.1. TCRS coupled with SEVARS.

Thermodynamics Analysis
System Model
The analysis of the combined cycle includes mass conservation, concentration balance,
energy conservation and exergy balance for each and every component and is presented
as [13]:
∑ 𝑚̇𝑖 − ∑ 𝑚̇𝑒 = 0
(1)
∑ 𝑚̇𝑖 𝑥̇ 𝑖 − ∑ 𝑚̇𝑒 𝑥̇ 𝑒 = 0
(2)
∑ 𝑄̇ − ∑ 𝑊̇ = ∑ 𝑚̇𝑒 ℎ̇𝑒 − ∑ 𝑚̇𝑖 ℎ̇𝑖
(3)
Form1stlaw of thermodynamics, the performance parameter (COP) of TCRSis given as:
𝐶𝑂𝑃𝑇𝐶 =

𝑄̇𝐸𝑡𝑐.
𝑊̇𝐶

Form 1stlaw of thermodynamics,performance parameter (COP) of VARSis given as:
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(4)

𝑄̇𝐸𝑣𝑎.
𝐺 +𝑊̇𝑃

𝐶𝑂𝑃𝑉𝐴 = 𝑄̇

(5)

Form1stlaw of thermodynamics,performance parameter (COP) of combinedis given as:
𝐶𝑂𝑃𝑁𝐸𝑇 =

𝑄̇𝐸𝑡𝑐. +𝑄̇𝐸𝑣𝑎.
𝑄̇𝐺 +𝑊̇𝑃

(6)

The rate of exergy flow for a stream on each state point is calculated as:
𝐸̇ = 𝑚̇ [(ℎ − ℎ0 ) − 𝑇0 (𝑠 − 𝑠0 )]

(7)

̇ ) to a component is specified
For a steady state process, the exergy destruction rate (𝐸𝐷
as [15]:
̇ = ∑ 𝐸̇𝑖 − ∑ 𝐸̇𝑒 + ∑ 𝑄̇ (1 − 𝑇0 ) − ∑ 𝑊̇
𝐸𝐷
(8)
𝑇

Based on 2nd law of thermodynamics,the performance parameter (exergetic efficiency)
for the system given as[15]:

𝜂𝑒𝑥𝑇𝐶 =

𝜂𝑒𝑥𝑉𝐴 =

𝜂𝑒𝑥𝑁𝐸𝑇 =

𝑇
𝑄̇𝐸𝑡𝑐. |1− 0 |
𝑇𝑟𝑡𝑐

(9)

𝑊̇𝐶

𝑇
𝑄̇𝐸𝑣𝑎. |1− 0 |

𝑇𝑟𝑣𝑎
𝑇0
𝑄̇𝐺. |1− |+𝑊̇𝑃
𝑇𝐺

(10)

𝑇
𝑇
(𝑄̇𝐸𝑡𝑐. |1− 0 |+𝑄̇𝐸𝑣𝑎. |1− 0 |)
𝑇𝑟𝑡𝑐

𝑇𝑟𝑣𝑎

𝑊̇𝐶 +𝑊̇𝑃

(11)

Assumptions
The following have been made to analyze the combined system:
 All the components of the combined system are considered as control volume.
 The combined system follows steady state conditions.
 The pressure drop in connecting lines and components is neglected.
 The temperature of the refrigerated space required is supposed to be 5°C higher
to the respective evaporator temperature.
 The refrigerant (water) leaving condenser of SEVAR is considered to be
saturated liquid.
 The exodus of evaporator is considered to be saturated vapour.
 Pumping in SEVAR is considered to be iscentropic[10].
 Entropy change through the solution throttling valve is neglected and the
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temperature is assumed to be constant [10].
 The SEVARS is well away from crystallization.
 Water at 25°C, 1 atm is used to cool the GC2 TCRS and condenser & absorber of
SEVARS.

Input Parameters


Isentropic efficiency of compressor is[3]
2

𝜂𝑐 = 0.815 + 0.022𝑟𝑝 − 0.0041(𝑟𝑝 ) + 0.0001(𝑟𝑝 )








3

(12)

Generator temperature, (Tg) = 90°C
Evaporator temperature in SEVARS, Teva = 7°C
Mass flow rate of refrigerant (CO2) in TCRS, mrtc = 1 kg/s
Effectiveness of gas cooler 1, (εgc1)= 0.8
Effectiveness of gas cooler 2, (εgc2)= 0.8
Effectiveness of solution heat exchanger (SHX), εshx= 0.7
Condenser and absorbertemperatures, Tcond= Ta = 35°C

Results and Discussion
COP & exergetic efficiency:The trend of COP with gas cooler pressure PGC and exergetic
efficiency(ηex)with PGC is shown in Fig.2, having GC2 outlet temperature to be 40°C. The COP
and exergetic efficiency (ηex) of the system increases as the PGC increases upto an optimum gas
cooler pressure and then started decreasing gradually. At constant gas cooler outlet temperature,
the PGC increases the refrigerating effect and the compressor work, while initially the rate of
increase in refrigerating effect is more hence theexergetic efficiency (ηex) andCOP and increases
upto an optimum PGC and further decreases gradually beyond this optimum PGC as shown in
Table 1.For an evaporation temperature of -10°C, in TCRS, outlet temperature of gas cooler T4
being 40°C, the optimum PGC is found to be approx. 10 MPa.The thermodynamic state points,
energy transfer, exergy destruction are computed in Tables 2-4. The performance parameters of
the combined system is compared with the base case of TCRS and accessible in Table 5.
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Fig. 2. Influence of PGC on COP and ηex of TCRS.

Table 1.The deviation of power input (W), refrigerating effect (QEtc), COP & exergetic efficiency (ηex) of
TCRS withpressure of gas cooler for (T4= 40°C) and (TEtc= -10°C)
PGC (MPa)

W (kW)

QEtc (kW)

COPTCRS

ηexTCRS

8.0
8.2
8.4
8.6
8.8
9.0
9.2
9.4
9.6
9.8
10.0
10.2
10.4
10.6
10.8
11.0
11.2
11.4

72.72
74.56
76.36
78.14
79.89
81.61
83.3
84.98
86.63
88.26
89.87
91.46
93.04
94.59
96.14
97.66
99.18
100.7

81.46
89.89
99.97
112.2
126.7
140.6
151.1
158.5
163.9
168
171.3
174.1
176.4
178.5
180.3
182
183.5
184.8

1.12
1.206
1.309
1.436
1.586
1.723
1.814
1.866
1.892
1.903
1.906
1.903
1.896
1.887
1.876
1.863
1.85
1.836

12.53
13.49
14.65
16.07
17.74
19.27
20.3
20.87
21.17
21.3
21.33
21.29
21.22
21.11
20.99
20.85
20.7
20.54
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11.6
11.8
12.0

102.2
103.6
105.1

186.1
187.2
188.3

1.821
1.807
1.792

20.38
20.21
20.04

Table 2.State points obtained by thermodynamic analysis

State

T (°C)

s (kJ/kgK)

h (kJ/kg)

x

m (kg/s)

P(kPa)

1.

30

-0.6658

-22.42

-

1

2649

2.

151.9

-0.6325

67.48

-

1

10004

3.

110.4

-0.7685

12.61

-

1

10004

4.

40

-1.383

-193.8

-

1

10004

5.

27.51

-1.543

-243

-

1

10004

6.

-10

-1.492

-243

-

1

2649

7.

-10

-0.8405

-71.64

-

1

2649

8.

25

0.3669

104.8

-

0.7217

101.3

9.

93.3

1.231

390.8

-

0.7217

101.3

10.

100

1.307

419.1

-

0.02432

101.3

11.

100

7.354

2676

-

0.02432

101.3

12.

35

0.2184

81.15

0.5408

0.1091

1.002

13.

35

0.2184

81.16

0.5408

0.1091

5.627

14.

62.29

0.3945

137.7

0.5408

0.1091

5.627

15.

90

0.4751

239.6

0.6477

0.09108

5.627

16.

51.93

0.2775

171.9

0.6477

0.09108

5.627

17.

51.93

0.2775

171.9

0.6477

0.09108

1.002

18.

90

8.662

2669

0

0.01802

5.627

19.

35

0.505

146.6

0

0.01802

5.627

20.

7

0.5246

146.6

0

0.01802

1.002

21.

7

8.973

2513

0

0.01802

1.002

22.

25

0.3669

104.8

-

1

101.3

23.

37.45

0.5381

156.9

-

1

101.3
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24.

25

0.3669

104.8

-

1

101.3

25.

35.86

0.5166

150.3

-

1

101.3

Table 3. Energy transfer in various components

Component
TCRS
Evaporator
Compressor
Gas Cooler (GC1)
Gas Cooler (GC2)
RHX
VARS
Evaporator
Condenser
Absorber
Generator

Q (kW)

W (kW)

171.4
54.87
206.4
54.9

134.7
-

42.64
45.43
52.08
54.87

-

Table 4. Exergy destructed rate in various components

Component
TCRS
Compressor
Evaporator
Gas Cooler (GC1)
Gas Cooler (GC2)
RHX
RTVTC
TotalTCRS
TCRS
Evaporator
Condenser
Absorber
Generator
SHX
STV

Exergy destructed (kW)
9.906
3.621
3.293
2.65
4.38
15.28
39.13
0.80
0.81
2.39
2.75
0.36
0.01
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RTVVA
TotalVARS
Net Exergy Destruction

0.12
7.219
46.35

Table 5.Performance parameters (COP and ηex) comparison with the base TCRS

TCRS

SEVARS

Combined system

% increase

COP

1.91

0.78

2.38

24.88

ηex (%)

21.33

17.62

23.49

10.14

Exergy Destruction:Fig 3.presents the exergy destruction in various components of TCRS &
SEVARS. It is found that the exergy destruction in SEVAR is maximum in generator followed
by absorber and condenser, while the exergy destruction in TCRS is maximum in RTVTC
followed by compressor, RHX, evaporator, GC1 and GC2 respectively. Therefore to improve
the performance of SEVARS, the design of generator & absorber should be focused. In TCRS,
the energy can be recovered by replacing the throttling valve with other expansion devices such
as expander, ejector, work recovery turbine etc. to further improve the performance of the
system.

Fig 3. Exergy destructed in various components.
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Gas cooler pressure:Fig 4.presents the variation of PGC with TCRS evaporation temperature
TETC with different outlet temperature of gas cooler. The PGC is an important parameter in tcCO2 compression refrigeration system. The PGC depends upon the outlet temperature of gas
cooler and the temperature of evaporator [8]. The PGCdeclines as the evaporator temperature
increases, while it increases as the outlet temperature of gas cooler (T4) increases. To maximize
the performance parameters of TCRS, the optimum PGC is approximated to be 10 MPa for an
evaporator temperature at -10°C and outlet temperature of gas cooler (T4) being 40°C.

12000
PGCT[4]=35(°C)

PGCT[4]=40(°C)

PGC T[4]=45(°C)

PGC

11000

10000

9000

8000
-25

-20

-15

-10

-5

0

5

TEtc (°C)
Fig. 4. Influence of evaporator temperature of TCRS on PGC at different T4.

COP vs Evaporator temperature:Fig 5.presentsthetrend of COPTCRSand COPNET (combined
system) with temperature of evaporator. Both the COP trends increases with the increase in
evaporating temperature. It is due to the fact, as the temperature of evaporator increases, the
work of compressor decreases and hence the COP.
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Fig. 5. Influence of evaporator temperature of TCRS on COP at different T4.
Exergetic efficiency(ηex)vs. Evaporating temperature:Fig 6.presents thetrends of exergetic
efficiency(ηex)of TCRS and the combined system with the TCRS evaporating temperature with
changed gas cooler outlet temperature. Both the exergetic efficiencies gets the optimum peak
and decreases gradually with the increase in evaporating temperature, as the maximum work
potential to brought to the system to the environmental conditions decreases as thetemperature
of evaporator increases and hence the exergetic efficiency.
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Fig. 6. Influence of evaporator temperature of TCRS on (ηex) at different T4.

Conclusions
The subsequent conclusions have been made from the results:
 Coupling the two cycles increases the COP of the system interestingly. The COP of the
combined system increases by 24.88 % while the exergetic efficiency is increased by
10.14% over the modified TCRS having RHXTC.
 There occurs an optimum gas cooler pressure for an evaporator temperature and the gas
cooler outlet temperature T4 for TCRS. At an evaporation temperature of -10°C and T4
being 40°C, PGC is found to be 10 MPa.
 The COP of the system increase as the evaporation temperature increases, on the
contrary it decreases it decreases with the increase in outlet temperature of gas cooler.
 The exergetic efficiency shows a peak with the evaporation temperature, which further
decreases with the increase in the evaporation temperature however it increases with T4.
 Efficient compressor and heat exchangers would result in increase in performance of the
system.
 The exergy destructed in RTVTC is considerably high, therefore replacing throttling
valve with an expander, ejector, work-recovery turbine will contribute to increase in
performance of the system.
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Nomenclature
COP
SEVARS
GWP
ODP
TCRS
RHX
RTV
GC
P
Q
RTV
T
VCRS
W
ED
T
rp

coefficient of performance
single effect vapour absorption
refrigeration system
global warming potential
ozone depletion potential
transcritical CO2 compression
refrigeration system
refrigerant heat exchanger
refrigerant throttling valve
gas cooler
pressure
heat transfer
refrigerant throttling valve
temperature
vapour compression refrigeration
system
work
exergy destruction
temperature
pressure ratio in transcritical system
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Abstract
Complex land use/land cover (LULC) patterns in the NCR region have a major impact on their
prevailing surface temperature circumstances. Numerous studies have attempted to establish the
relationship between NDVI and LST in various geographic regions and ecosystems over the past
two decades. But studies to understand seasonal variation of environmental conditions especially
thermal environmnet at regional level is lacking in NCR. In this study, to analyse temporal
relationship between land surface temperature mechanics for LULC and vegetation cover
(NDVI) in the NCR over the five seasons. The study shows that the seasonal distribution of LST
needs to be overcome with the high vegetation cover and some other appropriate mitigation
measures. One way of mitigating such seasonal peripheral thermal effects could be to adopt
better cropping practices in order to minimize the agricultural fallow period and promoting green
roofing concepts in urban areas and using porous concrete for construction which might help to
mitigate impacts of high LST in urban areas of NCR

Keywords
Land surface temperature; LULC; NDVI; Seasonal Variation; National Capital region

Introduction
Urbanization has led to large scale changes on Earth surface and land surface temperature is
one of them. Rural and suburban areas are being concretized due to the transformation of
agricultural and vegetation cover into urban areas, thus altering both the surface temperature and
the atmospheric temperature. With increasing concretization and associated changes in LU / LC
in urban areas, land temperature patterns have changed which develop divergent micro - climates
in cities and towns [1]. Motor vehicles, industries, air conditioning and other city lifestyle
activities add additional heat to nearby areas [2]. Therefore, high-temperature islands gets
devleoped in some parts of urban areas which is called as urban heat island (UHI) whereas
relatively cool suburbs is felt. According to the 2011 Census of India, 833 million (68.84 %) of
the 1.21 billion Indians live in rural areas, while 377 million (31.16%) live in urban areas. In
India, urbanization rose from 27.81% in 2001 to 31.16% in 2011. Further, 42.6% urban
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populations live in 53 metropolitan cities of India. The four largest cities of India i.e. Mumbai,
Kolkata, Delhi and Chennai together account for about 15.4% of India’s urban population. In
NCR (sub-region Haryana, UP, Rajasthan and NCT-Delhi) the urban population in NCR
increased from 50.2% in 1991 to 62.5% in 2011, while the rural population in NCR decreased by
share percentage from 49.8% in 1991 to 37.5% in 2011.
The data of urban population shows that there is incresaing trend in urban popultaion. So, to
accomodate these people in urban areas city needs more houses and other allied activities right
from educational, commercial and recareasional etc. This leads to increase in the builtup areas
and with this the land surface temperature (LST) is bound to increase which is the indicator of
thermal environment of urban areas. An urban area's LST is influenced by many factors such as
season, daytime, topography, clouds, wind, rural environment, location, land use, city building
materials and geometry [2]. The land surface temperature has an implicit but substantial impact
on air temperatures, especially the canopy layer closest to the surface [3]. The vegetated areas act
as the city's lungs and contribute to low temperature control [4]. In contrast water, soil and
vegetation are replaced by impermeable asphalt, concrete and hard rock surfaces in urban areas
has environmental consequences, including decrease in evapotranspiration, high rainfall runoff
and increased surface temperatures, which leads to a deterioration of the general urban and
thermal environment [4].
The land surface temperature also varies with the changing seasons over different LU/LC [5].
The land surface temperature magnitude varies with the seasons due to changes in sun intensity,
ground cover, and weather conditions. Due to this variation, the terrestrial surface temperature is
typically higher in summer than in winter [6]. Research on the seasonal comparison of urban
thermal environment has been carried out by various scholars e.g. Pandey et al. [7] examined
UHI for day and night conditions in Delhi during the summer, Li et al. [8] studied Shanghai's
seasonal changes in UHI. Mallick et al. [9] investigated the spatial and temporal variation in land
surface temperature strongly associated with the impermeable surface area (ISA) to study the
effects of urbanization on the spring season of the NCT-Delhi and Weng and Yang [10]
examined the adverse thermal effects of urban development in Guangzhou, China, during the
summer and winter seasons. While, Streutker [11] studied the land surfece temperature for
Houston seasonal UHI analysis, Zhang et al. [12] used Landsat data. But studies to understand
seasonal variation of environmental conditions especially thermal environmnet at regional level
is lacking in India.
NDVI and land surface temperature (LST) are crucial for understanding the interactions
between terrestrial ecosystems and the climate system in an environmentally sensitive region.
Research on the relationship between LST and NDVI [12] helps to understand the factors that
cause of environmental deterioration, significant changes in the carbon cycle of the land based
environment and highlights the mechanisms that controls land carbon storage response to climate
variability [13]. Numerous studies have attempted to establish the relationship between NDVI
and LST in various geographic regions and ecosystems over the past two decades. However,
vegetation response mechanisms to temperature are still unclear [14]. Some of these studies
specifically relates to the chage in NDVI and LST as factors or examined their spatial changes
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during the growing season [15,16]. However, there are no studies in the NCR region that focus
NDVI with the LST on different seasons. The study of changes in vegetation and the relationship
between NDVI and LST in this region is therefore, important.
With this background of the real issue and the lack of research into interseasonal variations in
the thermal environment, in particular in NCR, India. The objective of this paper is therefore, to
analyse temporal relationship between land surface temperature mechanics for land use / land
cover and vegetation cover (NDVI) in the National Capital Region (NCR) over the five seasons.

Materials and Methods
The details of data sets from different sources were used in this study are give as follows:
1. MODIS NDVI 16-day composite grid data L3 product in sinusoidal projection
(MOD13Q1) with 250 m spatial resolution with 4800 rows x 4800 columns in HDF
format was downloaded from the NASA Earth Observation System (EOS) data gateway
(https://earthexplorer.usgs.gov/) for January 2016 to December 2016. MODIS is the main
instrument on board the Terra and Aqua satellites, which view the entire Earth's surface
every 1 to 2 days and collect data from 0.4 mm to 14.4 mm in 36 discrete spectral bands.
These information have improved our knowledge of global dynamics in land, oceans and
the lower atmosphere [17]. MODIS has the potential of spectral and spatial resolutions
higher than National Oceanic and Atmospheric Administration (NOAA)/AVHRR and
spectral and temporal resolutions higher than SPOT or LandsatTM. Because MODIS data
are obtained in a narrow spectrum, the impact of absorption of water vapor in the NIR
band is minimized, red band data is much more sensitive to chlorophyll and therefore the
quality of NDVI data is better [18,19]. Consequently, MODIS NDVI was widely used in
vegetation phenology [20], vegetation classification [21], crop mapping [22], LULC
change [23] etc.
2. MODIS LST level-3 data (MOD11A2 L3) with 1 km spatial resolution available every 8
days in HDF format with 1200 rows x 1200 columns was downloaded from the NASA
Earth Observation System (EOS) data gateway (https://earthexplorer.usgs.gov/) from
January 2016 to December 2016.
3. Field visit and Google Earth data were used in the study area to analyze, validate and
monitor land use.
The deatisl of methodological procedure for the analysis of various data set has been discussed
below:
a) Creation of base layers:
Base layers such as NCR sub - regions, district boundaries, roads, water bodies etc. were
created at a scale of 1:50000 from SOI toposheets.
b) Georeferencing of MODIS NDVI data:
MODIS NDVI data were projected to UTM WGS84 and resampled to 250 m grid cell, layer
stack and subsetting of the region of interest (ROI).
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c) Georeferencing of MODIS LST data:
MODIS LST data were projected to UTM WGS84, followed by subsetting of the study area.
These MODIS data of 1 km bands were resampled to 250 m in accordance with MODIS NDVI
bands using the nearest neighborhood technique. NDVI layer is a 16-bit signed integer with a fill
value of -3000 and a valid range of -2000 to 1000. However, there is a 0.0001 or 1/10000 scale
factor. This means that a value of 10,000 in the raster should be multiplied by 0.0001 to reach the
actual data value.
d) Computation of LST from MODIS LST bands:
MODIS Land Surface Temperature / Land Surface Emissivity (LST / LSE) data were
multiplied by a scale factor of 0.02 or 2/100. This means that a LST value in the raster should be
multiplied by 0.02 to reach the actual data value.
e) Computation of monthly and seasonal NDVI
Daily images were composed in semi-monthly periods (two per month, from the first day of
the month to the fifteenth and from the sixteenth to the end of the month) using the maximum
NDVI recorded. Instead of the average semi-monthly periods, maximum NDVI values were used
to ensure the minimum effect on our data of any remaining cloud coverage. Whereas seasonal
NDVI was obtained using mean NDVI for a specific seasonal period.
f) LULC map
LULC map was generated using LANDSAT-8 and resapmled to 250 m in accordance with
MODIS NDVI bands using the nearest neighborhood technique. The LULC eight classes were
made based on the NRSC classification scheme of 1996 agricultural cropland, builtup land,
waterboides, scrubland and fallowland, bare soil and exposed rocks and vegetation
g) Analysis of seasonal pattern / trend:
The statistics of surface temperature and NDVI by LU/LC types were obtained by
superimposing land use/land cover image with images of surface temperature, and NDVI. In
order to understand their variations in different seasons (autumn, summer, monsoon, spring and
winter), NDVI and LST data from the LU / LC class were analyzed.
h) Statistical analysis:
Using statistical methods (SPSS software), the relationship between NDVI, LST and LULC data
was analyzed.

Results and Discussion
MODIS NDVI and LST data were used to generate monthly NDVI and monthly LST maps.
Detailed documentation of the MODIS NDVI composite process and the Science Data Sets for
Quality Assessment (QASDS) can be found on the MODIS website of NASA [24] and the same
has been used in the analysis. Similarly the guide for the generation of data, data attributes and
quality assurance details could be found in MODIS LST products user and is used in the chapter.
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The LST maps have been calibrated and validated from previous NOAA data records
(http://gis.ncdc.noaa.gov/map/viewer).
Monthly and Seasonal Vegetation density (NDVI) Analysis
The rural-agricultural area of the NCR is getting urbanizated and industrialized , with which
the vegetation cover is significantly changing and also leads to the increase in pollution in the
region. The NDVI is an important parameter that provides information on the vigor and growth
of vegetation any area or region. It is one of the land's greenery representations that also provides
information on the type of vegetation, growth rate and water demand and also helps to study the
environmental condition of regions. The NDVI is a sensitive parameter that provides information
on vegetation growth and helps predict environmnetal change in any region. Singh et al. [25]
regarded NDVI as an important parameter in the assessment of the impact of drought. In order to
better understand the dynamic nature of NDVI, seasonal variability of NDVI and its effect on
meteorological parameters in NCR has been studied in this paper.
Seasonwise Vegetation density (NDVI) Analysis using MODIS NDVI
In this part of the thesis seasonal changes in spatial pattern of NDVI are examined in
relation to general pattern of land use/land cover using NDVI maps (Figure 1) extracted for the
five seasons (i.e. winter season, spring season, summer season, monsoon season and autumn
season) from the MODIS NDVI (MOD13Q1). The overall understanding of LU/LC information
was derived from the Landsat-8, Google earth and field survey done during January to February
2016.
The seasonal spatial distribution of NDVI shows that the lowest mean NDVI values (0.284)
were recorded in summer season (Figure 1) i.e. April, May, June. The climatic factors such as
precipitation, solar radiation and land without crops are the some of the limiting factors for low
NDVI value (Figure1). The lower NDVI values (<0.2) was observed in the maximum areas of
NCR except in the Ganga-Yamuna river basin areas (Eastern and north-eastern part of NCR) and
patched with ridge forest area that could be observed in Delhi-NCT, southern NCR near Alwar.
During summer there is shortage of water, agricultural cropland and high thermal intensity
responsible for the lower NDVI values across the NCR. The lowest NDVI values of the summer
season are observed in the bare soil and exposed rocks (BSER), the values ranges between 0.177
and 0.288 with a mean NDVI of 0.258 and a std. dev. of 0.056 (Table 1). The highest NDVI
values are notified in the vegetation (VEG) ranging from 0.223 to 0.689 with a mean NDVI of
0.384 and a std. dev. of 0.097. The high standard deviation is found over water bodies due to the
pixel mixed with their by vegetated areas (as limitation of MODIS data because to low spatial
resolution).
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.
Fig. 1

The seasonal spatial distribution of NDVI suggests that the lowest mean NDVI values (0.391)
were recorded in autumn season (Figure 1) i.e. October and November, which is the beginning of
winter season. This is due to the photosynthesis stops when autumn arrives, the leaves lose
chlorophyll, change color and eventually fall. The spatial distribution of NDVI during autumn
season is shown in figure 2. The lower NDVI values was observed in the central, north-western
parts of the study area, which are mainly covered by built-up land, fallow land and bare soil. The
eastern and north-eastern part of NCR i.e. Ganga-Yamuna Basin areas and the rocky ridge of
Aravali hills in Delhi-NCT and southern NCR region (near Alwar) with linear stretch from south
to north east directions show the highest NDVI values. The lowest NDVI was found over the
build-up land with a mean of 0.208 and std. dev. of 0.049 whereas, the highest NDVI is observed
over vegetation located toward the southern part of NCR i.e. in the ridge forest.
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Fig. 2

The month of December and January is the coldest month of the year and in these months the
highest and lowest NDVI values are -0.161 and 0.844 with the mean of 0.511. The lowest NDVI
values were observed in the central parts of the study area, which are mainly covered by urban
and rural built-up areas. In the north, west and south-east part of the study area, the high NDVI
values were notified. This is due to the cultivation of “Ravi” agricultural crops in these areas.
Table 1 shows the statistics of NDVI of winter season. The higher NDVI values found over the
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agricultural crop land of the mean value of 0.624. With it contrary the lower NDVI values could
be seen over the built-up areas. The moderate NDVI value found over the vegetated land due to
topical deciduous characterizes.
Seasons

Table 1 Statistics of NDVI over different LULC during different seasons
Properties
AGRI
BL
WB
SLAF
BSER

VEG

Minimum NDVI

0.500

0.040

0.198

0.324

0.268

0.220

Maximum NDVI

0.753

0.445

0.488

0.548

0.608

0.674

Mean NDVI

0.624

0.183

0.350

0.340

0.321

0.398

Standard Deviation

0.062

0.065

0.098

0.075

0.069

0.800

Minimum NDVI

0.368

0.076

0.189

0.234

0.205

0.203

Maximum NDVI

0.630

0.595

0.516

0.405

0.426

0.683

Mean NDVI

0.523

0.206

0.357

0.357

0.309

0.478

Standard Deviation

0.062

0.073

0.105

0.036

0.041

0.101

Minimum NDVI

0.380

0.090

0.139

0.146

0.177

0.223

Maximum NDVI

0.541

0.440

0.503

0.354

0.288

0.689

Mean NDVI

0.438

0.211

0.320

0.297

0.258

0.384

Standard Deviation

0.043

0.058

0.135

0.047

0.056

0.097

Minimum NDVI

0.507

0.123

0.094

0.307

0.242

0.411

Maximum NDVI

0.755

0.422

0.567

0.675

0.478

0.847

Mean NDVI

0.621

0.287

0.376

0.488

0.408

0.625

Standard Deviation

0.049

0.100

0.183

0.056

0.036

0.082

Minimum NDVI

0.383

0.082

0.117

0.213

0.346

0.282

Maximum NDVI

0.542

0.297

0.407

0.476

0.478

0.698

Mean NDVI

0.475

0.208

0.303

0.376

0.421

0.473

Standard Deviation

0.036

0.049

0.107

0.046

0.033

0.081

Winter Season

Spring Season

Summer Season

Monsoon Season

Autumn Season

In the entire study area, overall high NDVI were recorded in the spring season compared to
winters (Figure 1). The NDVI value pattern, however, is similar to the winter season except the
ridge forest areas. During, spring season the highest and lowest NDVI values were -0.19 and
0.889 with the mean of 0.546. Lower NDVI values are recorded in the central and south-western

399 J.C. Bose University of Science and Technology, YMCA, Faridabad

parts of NCR, which are dominated by built-up and bare soil/exposed rocks. There are moderate
value of NDVI found over the surrounding of Delhi-NCT which is corresponds to fallow land.
There were also few patches to the southern part of the NCR. During spring season, the NDVI
over different LULC is shown in table 1. The maximum NDVI value is shown in agricultural
cropland with an average NDVI value of 0.523 and a std. dev. 0.062. The minimum NDVI
found over built-up land with a mean NDVI of 0.206 and a std. dev. of 0.073.
The monsoon season (July, August and September) is dominated by rainfall, higher
temperature and high humidity and because of this the highest NDVI value (0.575) is recorded in
this season. However, low NDVI values are spatially limited to areas built up throughout the city
(Delhi, Ghaziabad, Gurgaon, Meerut, Rewari, etc.). This is because built-up areas are concrete
and asphalt-dominated surfaces that do not maintain long - term moisture led to minimize the
NDVI value. During monsoons when most part of the city's has plenty of moisture, the
impermeable areas are still largely free of moisture and such surfaces emerge as low NDVI
areas. In monsoon and post monsoon season, temperatures fall sharply and the pattern of NDVI
distribution changes significantly. The land cover ridge forests (i.e. near Delhi, near Alwar) and
other forests patches record higher NDVI. The north-western, western, central and south-eastern
parts of the NCR, which are predominantly scrub land/fallow land, built-up and barren land,
have the lowest NDVI values. It is important to note that in the summer season, areas with the
lowest NDVI value experienced the high NDVI in monsoon due to increased greenness. During
monsoon season, the NDVI over different LULC is shown in table 1. The low NDVI values is
shown in built-up land with an average NDVI of 0.287and high NDVI values found over the
vegetated surfaces, ranging between 0.411 to 0.847 with the mean value of 0.625 and std. dev. of
0.082. The vegetated and agricultural cropland (Kharif crops) that dominates the eastern, north
and surrounding the urban peripheries show high NDVI values.
Seasonwise Surface Temperature Analysis using MODIS LST
Agricultural cropland practiced in NCR is approximately 1271.5 km 2, which is largely
concentrated in Yamuna, Hindon, Kali and Ganga rivers forming Ganga –Yamuna basin areas.
The agricultural land (fallow land) is left barren during the summer months, while there are
different crop varieties depending on the season during the rest of the year. Agriculture is also
practiced along the Yamuna, Hindon, Kali and Ganga rivers etc. because of this it divides the
study area into two parts of east (Ganga-Yamuna basin areas) and west semi and Arid land.
Between these two areas there was buffer zone which could be clearly seen in summer season
LST maps (figure 3). The water bodies (i.e. rivers, lakes, ponds and water tanks) can be observed
in the north, east and central part on NCR and cover a very small area, i.e. 257 km2. Healthy
forests and tree cover is mostly located in central and eastern part of NCR. The forest types are
the dry deciduous forests and the predominant trees as per Forest Survey of India [26] are Teak,
Sal, Rosewood, Satinwood, Bel, Khair, kiker, Dhok, Asan, Bamboo, Bahera, Raunj, Salar, Ber,
Jhighan, and Thor etc. According to Forest Survey of India (FSI) estimates (2011), forest and
tree cover account for approximately 7.6 percent of the total area of NCR. As per our LULC map
2016, the dense vegetation and sparse vegetation covers approximately 10% of the total area of
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NCR.
The seasonal spatial distribution of land surface temperature shows that the lowest surface
temperature was recorded in winter season (figure 4) i.e. December and January, which is the
coldest month of the year. In winters (December-January), LST ranges between 19.28 °C and
31.35 °C with the mean of 23.87 °C. The distribution of lowest temperature ranges between
19.28 to 23.49 °C, which could be observed in the central, north-eastern, eastern, centralsouthern and some pockets towards the southern parts of the study area, mainly covered by
agricultural land (under the Rabi crop), sparse and dense vegetation, and rural development. The
water bodies, including lakes and ponds, are well distributed in the study area, mainly the
Yamuna river stretches and Ganga river stretches, dominate the peripheral areas where very low
land surface temperature range is recorded (19.28–22.5 °C). The rocky ridge of Aravali hills in
southern NCR with linear stretch from south to north and east directions with some forest
patches also shows the lowest land surface temperature range (23-26 °C). The highest
temperature of the winter season is observed on the bare soil and exposed rocks which ranges
between 23.74 °C and 27.33 °C with a mean land surface temperature of 25.19 °C and a std. dev.
of 0.800 (Table 2). LST of more than 27°C could be observed towards the western side of
Bhiwani, Narnaul, and Alwar, some land patches which were under construction and
development activities in Gurgaon, Faridabad and Ghaziabad (24-27 °C). The urban land which
is mainly in the central eastern parts of cities shows moderate temperature conditions ranging
between 23 to 25 °C. The built-up rural land is similar to the built-up urban land but having
lower land surface temperature compared to big urban area may be due to the densely built-up
land in the areas (Figure 3).
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Fig. 3

Fig. 4

In all parts of the study area, overall high temperature was recorded in the spring season
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compared to winter (Figure 4). The land surface temperature pattern, however, is similar to the
winter season. During spring season, LST ranges between 25.8 °C to 42.91 °C with the mean of
32.62 °C. The spatial distribution of lower temperature ranges between 26 to 32 °C which could
be observed in north, northeast and eastern parts of NCR. This is the vegetated areas, dominated
by agriculture, Ganga-Yamuna. In spring season, the temperature of the water bodies is higher
than the winter season (27-33 °C). There are moderate temperature (31-35 °C) in urban land that
dominates central, patches in Ganga-Yamuna river basin areas and eastern NCR. The agricultural
fallow lands, bare soils, open areas and parts of built-up urban land (Gurgaon, southeast: south
Delhi and airport’s open area of NCT-Delhi record this season's highest temperatures (Figure 3).
During spring season, the LST over different LULC is shown in table 2. The maximum land
surface temperature is shown in scrubland and agricultural fallow land with an average land
surface temperature of 36.05 °C and a std. dev. of 1.082 and minimum over water bodies
between 27.41 °C and 33.54 °C with a mean land surface temperature of 30.68 °C and a std. dev.
of 2.280. During the daytime, water tended to warm up slowly due to its high thermal inertia and
to convection and turbulence (e.g. wave action). Because of the characteristics of rivers, canals,
ponds and suspended particulates mixed in water bodies, their soil temperature values vary,
resulting in a high standard deviation value of 2.280 over water bodies.
Seasons

Winter Season

Spring Season

Summer Season

Monsoon Season

Table 2 Land surface temperature over different LULC during different seasons
Properties
AGRI*
BL*
WB*
SLFL*
BSER*

VEG*

Minimum Temp 0 C

21.56

21.80

19.69

22.12

23.74

20.75

Maximum Temp 0 C

22.88

26.00

22.80

30.48

27.33

24.61

Mean Temp. 0 C

22.02

23.30

21.22

24.04

25.19

22.82

Standard Deviation

0.381

0.769

1.323

1.238

0.689

0.800

Minimum Temp 0 C

29.62

30.91

27.41

32.86

31.26

27.78

Maximum Temp 0 C

33.08

36.94

33.54

38.27

38.03

35.45

Mean Temp. 0 C

31.38

33.38

30.68

36.05

34.62

32.41

Standard Deviation

0.772

0.787

2.280

1.082

1.176

1.815

Minimum Temp 0 C

35.27

38.19

34.33

46.06

40.15

33.82

Maximum Temp 0 C

39.49

44.14

42.18

51.77

48.06

42.91

Mean Temp. 0 C

37.29

40.50

38.20

49.86

43.28

38.90

Standard Deviation

0.924

1.051

3.234

1.237

1.521

1.831

Minimum Temp 0 C

30.56

32.49

28.97

34.70

27.40

29.60

Maximum Temp 0 C

33.00

37.44

32.09

39.75

34.99

35.09
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Seasons

Autumn Season

Properties

AGRI*

BL*

WB*

SLFL*

BSER*

VEG*

Mean Temp. 0 C

31.79

34.69

30.64

36.80

30.50

31.49

Standard Deviation

0.488

0.809

1.182

0.892

1.299

1.232

Minimum Temp 0 C

28.46

29.98

26.45

35.66

27.62

26.93

Maximum Temp 0 C

31.86

33.63

30.35

38.98

35.40

33.03

Mean Temp. 0 C

30.58

31.34

28.23

37.58

32.11

29.92

Standard Deviation

0.883

0.571

1.597

0.735

1.494

0.987

Note: AGRI = agricultural cropland; BL = builtup land; WB = waterboides; SLFL = scrubland and
fallowland; BSER = bare soil and exposed rocks; VEG = vegetation

The study shows that during the summer season, temperature rises sharply and the pattern
of spatial temperature distribution changes significantly. Just the water bodies (drains, Ganga
river, Yamuna river and lakes), ridge forests and other patches of forests record lower
temperatures (34 - 41 ° C). The south-eastern, north-western and eastern and parts of the NCR,
which are predominantly scrub land/fallow land, built-up and barren land, have the highest land
surface temperature which ranges between (. 45 - 52 °C). It is important to note that areas with
the highest summer temperature experienced the lowest winter temperature. There is also intense
heating in the over open and barren land of NCT-Delhi near by the IGI airport where about
some time 48 °C temperature is recorded. More than 44°C LST is observed in the open areas of
NCT-Delhi airport and also in some patches which were under construction and development
activities. During, summer season the highest and lowest temperatures were 33.66 °C and 51.93
°C with the mean of 44.35 °C (figure 3). Table 2 provides details of the highest and lowest
temperature associated with each type of land use/land cover.
The monsoon season (July, August and September 1st half) is dominated by rainfall and
high air humidity. The third highest land surface temperature has been observed during the
monsoon season (13.8 °C). This is despite the fact that there is the highest rainfall in the
monsoon season. However, high land surface temperature values are spatially limited to build up
areas almost in every city (Delhi, Ghaziabad, Gurgaon, Meerut, Rewari, etc.). This is due to the
incoming short wave incident at the rural site is higher during the monsoon (Figure 3), perhaps
because the urban area is a continuous source of high anthropogenic emissions of aerosols and
low urban albedo. This is also because built-up areas are concrete and asphalt-dominated
surfaces that do not maintain long - term moisture. During monsoons when most of the land
surfaces has plenty of moisture, the impermeable areas are still largely free of moisture and such
surfaces emerge as high land surface temperature areas with high intensity. In monsoon and post
monsoon season, temperatures fall sharply and the pattern of spatial temperature distribution
changes significantly. The land cover, the water bodies, river basin areas, ridge forests (i.e. near
Delhi, near Alwar) and other forests patches record lower range of land surface temperature (1931 °C). The north-western (western side of Bhiwani and Charki Dadri), western (western side of
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Rewari), central and south-eastern parts of the NCR, which are predominantly scrub land/fallow
land, built-up and barren land, have the highest range of LST (35 - 42 °C). It is important to note
that areas with the highest summer temperature experienced the lowest monsoon temperature and
therefore, the lowest temperature range compared to summer season due to increased greenness
leads to decreased surface albedo, resulting in high-level cooling. During monsoon season, the
LST over different LULC is shown in table 1. The maximum land surface temperature is shown
in scrubland and agricultural fallow land with an average land surface temperature of 36.80 °C
and minimum over water bodies with a mean land surface temperature of 30.64 °C. The
vegetated and agricultural cropland (Kharif crops cropped during south-west monsoon season)
that dominates the eastern, north and surrounding the urban peripheries show moderate
temperature conditions (31-35 °C).
In all parts of the study area, overall high temperature were recorded in the autumn season
compared to monsoon season (Figure 4).The land surface temperature pattern, however, is
similar to the summer season, however the temperature was low compared to summer season.
The high land surface temperature pattern of the autumn season is similar to that of the summer
season, as high land surface temperature dominance is seen in the outskirts of the city. But the
high land surface temperature areas in the autumn season are relatively smaller than in the
summer. During, autumn season the highest and lowest temperature ranges between 26.45 °C
and 38.93 °C with the mean of 32.96 °C. In autumn, western portions also bear elevated
temperature, with the maximum reaches in south-eastern parts of NCR. Central, northern and
eastern NCR are relatively cooler (figure 3). The 10-12 °C Cooler areas were observed around
the ridge forests and river basin areas. Because of the prevalence of fallow lands towards the
western and south-eastern, land surface temperature is high, but the incoming radiation is
comparatively less compared to the summer season. Scrub land and fallow lands drag the
average LST to a higher side (compare to monsoon season), but lower land surface temperature
areas tends to be high during autumn season due to lower heating of other land surfaces.

Conclusions
The studies to understand seasonal variation of environmental conditions especially thermal
environmnet at regional level is lacking in India specially in NCR. Herein, analyse temporal
relationship between land surface temperature mechanics for land use / land cover and vegetation
cover (NDVI) in the National Capital Region (NCR) over the five seasons has been carried out.
The results inferred that the temporal and spatial pattern of LST distribution in NCR is
significantly diverse. The coolest month shows lower LST over all types of land use /land cover,
but the highest temperature is accounted for the summer month. For scrubland/fallow land areas
and agricultural land, the difference between maximum and minimum temperature is the highest
for all seasons, largely corresponding to NCR Cities' peripheral areas. This difference is lowest
due to albedo factor for water bodies and vegetation cover. The presence of a perennial river
(Ganga river, Yamuna river etc.) flowing through the eastern parts of NCR has a major influence
to reduce the thermal effects. However high dense built-up area influences, rather leads to
increase the thermal effects. The detailed analysis in this chapter shows that LST play a
significant role on NDVI related to vegetation vigor and growth in the NCR. The results over
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NCR region clearly show NDVI values ranging from 0.229 (April) to 0.627 (August) for all land
cover categories, whereas the maximum NDVI value could be seen during Monsoon. The
vegetation covers over NCR region as the mean NDVI values range from 0.398 (Winter) to
0.625 (Monsoon). The study shows that the seasonal distribution of LST needs to be overcome
with the high vegetation cover and some other appropriate mitigation measures. One way of
mitigating such seasonal peripheral thermal effects could be to adopt better cropping practices in
order to minimize the agricultural fallow period and promoting green roofing concepts in urban
areas and using porous concrete for construction which might help to mitigate impacts of high
LST in urban areas of NCR.
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Abstract
The Web Service is used for communication between two machines over a network to perform a
specific task. Web services are used for send data. The different machines can perform specified
tasks using this perticular data. Web services uses REST and SOAP as means of communication.
All Web Services are API (Application program interface). API defines rules or methods for one
software program to interact with other. We need proper response of APIs for different website
to perform a specific task. Through this paper we will get to know how we can mock web
service in order to perform tasks using mocked service in case different systems are not ready or
we are not getting expected response using SOAP UI.
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Service; API; Mock Service; Web Applications

Introduction
Web services and APIs are needed to establish a connection or communication bridge between
two systems. We use API and web service to send data to concern system and get response in
return, on the basis of that response further task will be performed. Web service or API testing is
necessary to validate whether we are sending proper data in proper format and getting expected
response in expected format. Mocking a web service will help simulate an expected response to
the request of a web service. It is a very effective tool for testing web services offline while
building and evaluating them.
Mocking is required when [1]:
 Create a web service prototype: With single request, you can originate a complete mock
service. In this case, you can implement and test clients much faster since there is no need
to create a complex working solution.


Test every aspect of your future service: Functional and load testing against a mock
service can be performed before an actual live service creation.



Develop and test client applications: You can prepare a number of different responses
and simulate requests that you are interested to test. These responses are included with
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contain custom HTTP headers, scripts, attachments, and other content. You can
randomize or cycle the responses, or prepare specific responses for certain requests.
Mocking is of two types:
1. Static: In Static mocking we will get a fixed response irrespective to request.
2. Dynamic: In dynamic mocking we will get response on the basis of data passed in request.
There are multiple paid and open source tools available for service mocking and testing, SOAP
UI is one of them. [2]Soap UI is the leading open source cross-platform API Testing tool. It
allows testers to execute automated functional, regression, compliance, and load tests on
different Web API and supports all the standard protocols and technologies to test all kinds of
API's.
API or web service testing is a process of finding any deviation in request data and format that
we are sending and validating response .While testing response of a respected request we
validate that we are getting expected data in proper or pre-defined format.
Soap UI is widely used to perform service testing. Using Soap UI we can send request in predefined format with necessary data to server and response is received. We can validate response
using assertion. Assertion is a check point or validation point for server response.

Methods
There are multiple ways to mock a service but in this paper Soap UI is used to mock a service.
SOAP UI: Soap UI is an open-source web service testing application for service-oriented
architectures (SOA) and representational state transfers (REST). Its functionality covers web
service inspection, invoking, development, simulation and mocking, functional testing, load and
compliance testing. A commercial version, Soap UI Pro, which mainly focuses on features
designed to enhance productivity, was also developed by Eviware software in 2011, SmartBear
Software acquired Eviware [3].
Start SOAP UI, go to file and click on New project, Import WSDL and description given in
WSDL will be loaded. Below is the sample XML request.
Request:
<soapenv:Envelope
xmlns:soapenv="http://schemas.xmlsoap.org/soap/envelope/"
xmlns:web="http://www.dataaccess.com/webservicesserver/">
<soapenv:Header/>
<soapenv:Body>
<web:NumberToDollars>
<web:dNum>?</web:dNum>
</web:NumberToDollars>
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</soapenv:Body>
</soapenv:Envelope>
Steps to mock a service:
Start Soap UI and from file select new Soap Project.

(a)
Now Enter Project Name and give WSDL location in Initial WSDL field.

(b)
Click on Ok
Now right click on any SOAP interface
Select Generate SOAP mock service
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(c)
Generate Mock Service pop will appear, click on ok

(d)
Now next dialogue will appear, in this specify any specific name for mock service.

(e)
Now mock service with one operation should be present in project. Before running mock service
we can edit it.
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(f)
In mock service list of operations is present with request response logs.

(g)
We can edit response in editor as we can edit request.
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(h)
Now we can run mock service.

(i)
Create a request that will be sent to mock service.
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(j)
After configuring request, next step is to run request. It will return result configured earlier in
mock service.

(k)
Fig.1. (a) to (k) Shows the Pictorial view of SOAP UI services.

Results and Discussion
This paper is about mocking service using SOAP UI, Mocking service can be used in many
ways. When many systems work together, there is always a possibility or a risk that dependent
systems might not be ready or might have an issue due to which we observe a deviation in
response from expected. In this situation instead of blocking further development or testing
work, we can use mock service to proceed with development or testing by configuring mock
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service response as expected response.

Conclusions
Web service or API provide platform to web application to communicate with other system.
When we use web service or API in a web application we have dependency on other systems as
well. As we have dependency on other systems, there might be chances that dependent system
may have some issue because of that we might get block to proceed with our work. To overcome
this problem, we use a concept call mock service. There are multiple tools in market to mock
services but in this paper we discussed how we can mock services using SOAP UI. Soap UI
provides us a platform to mock service in very easy and convenient way.
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Abstract
Customer Relationship Management (CRM) is an overall process of building and retaining
profitable customers with an organization and directed towards improving business relationship
with customers. With analysis of customer data in the CRM database helps to create new
approach to lead the business strategies. Analytical CRM helps to analyze customer data and
interactions through various data mining techniques. CRM is a term that alludes to practices,
systems and advances that organizations use to oversee and investigate client connections and
information all through the client lifecycle, with the objective of enhancing business
associations with clients, helping with client maintenance and driving deals development. CRM
frameworks are intended to accumulate data on clients crosswise over various stations - or
purposes of contact between the client and the organization - which could incorporate the
organization's site, phone, live visit, regular postal mail, showcasing materials and online
networking. CRM frameworks can likewise give client confronting staff point by point data on
clients close to home data, buy history, purchasing inclinations and concerns.

Keywords
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Introduction
A production line is a sequence of established process sequence for getting raw material or
component into final finished product. The stages in production process includes procurement
of components or tools required for product manufacturing, incoming inspection process,
storage of material, kitting of material, shop floor loading of material, assembly, testing,
quality check, packing and final dispatch of finished product. It can be automated, semiautomotive and manual production line. The line complexity depends on the manufacturing
parts, cost, and sensitivity and production volume of product. The line setup and its layout
depend on the production requirements. Industries started using Jigs, fixture and some
automatic machines to assist workers. For automated line designing and installation required
expert’s manpower.
Efficient analysis of customers data, leads enterprise with new way of approach to develop their
business process to meet customer requirements [1]. In recent advanced technology it is
possible to analyze the customer’s data and converts them into useful form for business. CRM is
a business tool widely used by many firms to improve their business process in order to become
successful. CRM refers to strategies, practices and tool which is used to manage and analyze
customer’s data and interactions, with the aim of improving relationship with customers. CRM
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helps to record all customer data into single database and spread across various departments.
With the unique database it builds to efficient analysis about customer behavior and pattern,
which in turn helps business to make profitable.
A.
Customer Relationship Management: CRM is expanded as customer relationship
management, which helps to analyze and manage customer history with an enterprise and use
the knowledge to increase the business. CRM is focusing directly towards acquisition of new
customers, retaining the old customers and increase the sales growth.
a) Operational CRM: Provides single view of customer information, which includes sales
force, service and marketing automation.
b) Analytical CRM: With the analytical techniques like data mining techniques, analytical
CRM applied to customer data to predict the future, present scope and to enhancing the
better services to customers.
c) Collaborative CRM: Purposes to share the customer information across the department
to make business process easier. Notwithstanding individual contacts, phone contacts
and sends, it is currently likewise conceivable to impart through sites, email, self-benefit
phone contacts, and SMS. Through this advancement, the utilization of various
correspondence directs in a channel administration procedure has turned into a branch of
CRM.
d) Strategic CRM: One branch of CRM is to view it as an endeavor wide procedure in
which the fundamental Centre is on the client. It is additionally expected that, inside an
undertaking, it is a Centre administrative errand to champion and actualize this Centre as
a CRM methodology, including putting an accentuation on the efficient investigation
and utilization of client data as a stage for advertising and administration.
B. The Scope of CRM:
The scope of CRM is confined by sales, marketing and customer service & support [3]
a) Sales: The sales department holds 360º views of customer information like data,
interaction and their request which is spread across the other department. This
information helps the enterprise to keep unique customer database up to date. In turn
makes business process easier like data sheet for reports, order taking and getting
meeting agenda.
b) Marketing: With the unique database from CRM helps sales department to perform
their operations effectively, like acquire new customers, planning marketing
campaigns, profitability analysis, winning strategies, automate monitoring and report.
c) Customer support and service: With CRM provides unique solution to customer related
queries and provides better services to satisfy customers.
C. Components of CRM
a) Customer: Customers plays a vital role .For every enterprise future growth and profit is
dependent upon customers. With the developed tools and techniques, CRM helps to
manage and analyze the customers.
b) Relationship: CRM manage relationship between customer and enterprise. The
relationship involves bidirectional and continuous communication. The relationship
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involves, share, attract, convert, retain and grow.
c) Management: CRM do not limit to marketing department. It involves analyze of data
collected from customer through their interactions. Through the information it is
transformed into knowledge and which helps to find for new marketing opportunities.
D. Purpose of CRM
a) Make business user easily access and manage
b) Customers data managing
c) Customer relationship and providing better services.
d) Acquisition and retaining of customers.
e) Assessment of Products hype in market and service worthiness.
f) Reducing the marketing cost
g) Conducting marketing campaign to improve marketing capacity
E. Features of CRM:
a) Marketing automation: CRM devices with advertising mechanization abilities can
robotize tedious errands to upgrade showcasing endeavors to clients at various focuses
in the lifecycle. For instance, as deals prospects come into the framework, the
framework may naturally send them advertising materials, commonly by means of
email or online networking, with the objective of transforming a business lead into an
undeniable client.
b) Sales automation: Otherwise called deals drive administration, deals compel
computerization is intended to anticipate copy endeavors between a sales representative
and a client. A CRM framework can accomplish this via consequently following all
contact and subsequent meet-ups between both sides.
c) Contact automation: Intended to diminish dreary parts of a contact focus operator's
occupation, contact focus robotization may incorporate pre-recorded sound that helps
with client critical thinking and data scattering. Different programming instruments that
incorporate with the operator's desktop devices can deal with client asks for keeping in
mind the end goal to chop down the season of calls and streamline client benefit forms.
d) Location-based services: Some CRM frameworks incorporate innovation that can make
geographic promoting effort in light of clients' physical areas, in some cases
coordinating with prevalent area based GPS applications. Geo-location innovation can
likewise be utilized as a systems administration or contact administration apparatus
with specific end goal to discover deals prospects in view of area.
With economic globalization and the rapid development of e-commerce, customer relationship
management (CRM) has become the core of growth of the company. [4]Data mining, as a
powerful data analysis tool, extracts critical information supporting the company to make better
decisions by processing a large number of data in commercial databases. The economic
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globalization and rapid development of electronic commerce is changing the original
competition rules between the enterprises with an unprecedented scope and depth. More and
more enterprises start to focus on a new marketing management theory—customer relationship
management (CRM), which places the retaining and upgrading of customer value as the core of
enterprise organic development [5].

DATA MINING
Data mining, which is also called KDD (Knowledge Discovery in Database), is the process of
abstracting unaware, potential and useful information and knowledge from plentiful,
incomplete, noisy, fuzzy and stochastic actual data[6]. Simply speaking, it is a process to pick
up the information and knowledge which cannot be discovered directly but with potential value
from a mass of data. Data Mining is an interdisciplinary with extensive knowledge scope, which
mainly involved into three areas: database, artificial intelligence and probability and
mathematical statistics. For the detailed application, the data mining has powerful data analysis
and process capability, which can discover knowledge as useful rules, regulations, relationship
and modes from a mass of data, by means of concept description, clustering analysis,
classification and forecast, similar pattern analysis, abnormal pattern analysis, association
analysis, time sequence analysis and regression analysis, etc. As a new interdisciplinary, data
mining has an extensive application prospect. Recently with the network popularization and
increasing mature of e-commerce, tremendous amounts of historical data and real-time data as
well as widely application requirement in the business area provide a wide space for the
application and development of data mining. The combination of data mining and existing
information system together with the artificial intelligence provides important tools and theories
for the analysis and process of business and financial data. As the new business information
process technology, data mining is an advanced data analysis method, whose main characteristic
is to clean, select, transform and analyze the huge number of business data in the commercial
data base and modeling process, at last extract the key data which can assist the commercial
decision [7]. Data mining theory and tool have already been adopted in every walk of life, and
developed pretty good in some areas as engineering development, scientific research and
commercial management in mobile, bank, telecom, insurance, retail, etc. It can solve all the
following problems in financial and commercial areas: credit class evaluation; financial and
economic forecast; security price fluctuation forecast; bankruptcy and bank liquidation forecast;
malignant overdraft and commercial fraud discrimination; selection and classification of
security and investment; commercial action analysis and sale and customer relation analysis.

DATA MINING IS THE CORE TECHNOLOGY OF CRM
The objective of modern enterprises CRM is to analyze the huge number of customer
information by database establishing, application of data mining, business intelligence and other
technology methods to convert the valuable customer information into customer knowledge.
Data mining is the core technology in customer relationship management. In Customer
Relationship Management Process firstly, we preprocess the customer basic information data,
sales promotion activity data and daily sales data. Secondly we clean these data to remove noise
and inconsistent data. Then we integrate the data, select the data relevant to the analysis task
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and transform data into forms appropriate for data mining. Since the data are prepared, they
need to be analyzed. On this basis, select appropriate data mining methods and tools according
to the commercial problem needs to be solved and data need to be analyzed, establish model,
process and analyze these data and finally get the information which can assist decision-making.
Applications of Data Mining in CRM: At present, data mining mainly has the following
applications in the customer relationship management system:
a) Customer Classification Analysis: Customer classification is also called customer
subdivision, which is to divide the customer by customer gender, occupation, age, or
customer consumption habit and purchase habit. The data mining technology can divide
the huge number of customers into different groups, according to which the customeroriented products and services are provided. The most common methods are
classification and clustering.
b) Customer Gaining Analysis: The development of enterprise need new customer enlisted.
By the use of data mining technology, the enterprises can identify the potential
customers by analyzing the characteristics of customers in hand and their purchase
activities to make more targeted sales plan. The common methods are classification
forecast and association analysis.
c) Customer losing and Maintaining Analysis: Enterprises development needs to
continuously acquire new customers, but old customers maintaining is even more
important. Many research results indicate that the cost to win a new customer is several
times more than the cost to maintain an old customer, so the old customer maintaining
must be taken into consideration if an enterprise want to achieve stable development.
The data mining technology can help to analyze the customer lost characteristics,
establish corresponding model, and find out the potential customer may be lost by this
model. After aware of which customers may be lost, the enterprise can adopt
corresponding measures to maintain the customers and improve their satisfaction.
d) Customer Profit-making Ability Analysis and Forecast: There is a classic two-eight law
in customer relationship management, that is, eighty percent of the customers will bring
in twenty percent of the enterprise profit, while the other twenty percent of customers
will accomplish the left eighty percent. The customers in this twenty percent bring much
more profit for the enterprise, so they are the customers enterprises should care most. By
analyzing customer information and deal data, we can find out these customers in the
twenty and provide special service for them to improve customer loyalty and try to dig
out the potential “golden customers” by making use of the twenty customer model.
e) Cross Selling Analysis: The relationship between modern enterprises and customers is
always changing. In order to improve the enterprise loyalty of customers, the enterprises
need cross selling on existing customers, which is, providing new products or services
for customers by analyzing the customer characteristics and the purchased products or
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services characteristics. In data mining, the cross selling analysis is always proceeded by
the use of association rule.
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Figure 1.Process of customer relationship management
f) Customer Satisfaction Analysis: The analyzing of customer satisfaction on enterprises
products and services can help the enterprises to improve customer marketing strategy,
thereby increase customer loyalty. Data mining can analyze customer satisfaction from
scattered customer feedback information.
g) Customer Credit Analysis: Data mining can analyze detailed customer credit class from
huge number of historical data, according to which the enterprises can adopt different
account sale strategies for customers with different credit class [8].
Technology Considering CRM as only a technological solution is a serious misinterpretation
that resulted in increasing failure of CRM projects. Technology refers to computing capabilities
that allow a company to collect, organize, save, and use data about its customer [9].
Nevertheless, IT is an enabler for acquiring and managing valuable data on customers.
Technological aspects such as data warehouse, software customization, process automation,
help desk and call centers, and internet influence should be addressed.
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a) Sales force automation (SFA): It is a system that automatically records all the stages in
a sales process. SFA must be fully integrated in all departments that deal with customer
service management.
b) Software for CRM: CRM software helps organizations implement effective Customer
Relationship Management. CRM software works across all corporate departments to
help harmonize customer-centric thinking in the every part of organization.
c) Data warehouse and data mining: Data warehouse is a repository that in an
organization is used for electronically stored data and designed to facilitate reporting
and analysis. Data Mining is the automated discovery of extracting patterns in data.
d) Help desk: The help desk is an information and assistance resource that spot problems
with computers or similar products and it is justified and well comprehended function
which helps with the development of the strategy.
e) Call centers: Modern call centers are a mix of traditional technology (telephone
platforms), and the new Internet developments. Customer service is one of the elements
which have evolved more dramatically, in terms of competition, since the early 1990s.
Many companies have been developed in the area of responding to customer-related
issues (such as inquiries, complaints, product warranty concerns etc.)
f) Internet influence: Internet raises the value of the relationship with the customer on
certain levels, such as convenience, access and low cost.
CRM is a management concept. Its core is that customers are the most important resources of
enterprises[10].Through the perfect service and in-depth analysis of customers to meet
customers’ demand, enterprises can continuously provide the most value to the customers, and
realize the enterprises’ value at the same time. CRM requires establishing the enterprises based
on "customer as the center", pursues information sharing and quick response to customers’
requirement. In the process, the enterprises through customer relationship management obtain
more customer information. Good customer relationship management can help enterprises to
obtain useful customers knowledge, make the enterprises better to consider the needs of
customers in researching, developing, producing and sale, and then satisfy the needs of
customers.

KNOWLEDGE CHAIN
a) Obtaining customer knowledge: The knowledge acquisition is identifying valid, novel,
potentially useful information from a large amount of data in accordance with a certain
goal, and converts it to semantic knowledge which can be shared. Knowledge
acquisition is mainly achieved by knowledge mining. The knowledge management
platform of enterprises often use data mining technology and text mining technology,
partly also use Web mining technology. Good CRM can help enterprises to obtain
more useful information. There are two kinds to obtain customer knowledge. The one
is while communicating with the customers you can get information. The other is that
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you can obtain related information from others. The customer knowledge activity is a
kind of two-way interaction between companies and customers.
Customer knowledge can help enterprises to establish a long-term relationship with customers
and increase customers’ value, to achieve win-win of enterprises and customers. In general,
there are many channels to communicate with the enterprise customers, and can interact with
the multiple departments in enterprises, such as sales, customer service, research and finance
and so on.
b) Storing customer knowledge: For the collected customer information, the enterprise
must first classify, store. In general, the accumulation of customer knowledge is not
comprehensive. Because of the limitation of resources and time, customer knowledge is
small to have an important effect to the follow-up work after it converts into the
document. The valuable knowledge, such as skills, finally might be forgotten. Therefore,
it is very important to strengthen the knowledge classification and storage. In addition in
the process of customer knowledge storage, knowledge integration is an important and
complicated process. We should use the scientific methods and techniques to
classification and integrate the customer knowledge which is different sources, different
levels, different structure, different content, and dig up the dynamic relationship of
different customer knowledge, make the single, scattered customer knowledge to a new,
unified, system of knowledge [12]. This stage stressed the systematic customer
knowledge.
c) Analyzing customer knowledge: Knowledge application mainly understands customer’s
demand, and adjusts the enterprise’s strategy and takes corresponding measures through
analysis. In general, customer analysis mainly analyzes customer purchase frequency,
the recent purchase behavior, customer loyalty, customer classification and buying
correlation. Through the analysis of these data, enterprises can take sales operations,
customer churn reason, product price and the adjustment direction of the service content
to find the most valuable customer groups [13]. Customer churn analysis and customer
retention is an important part of CRM [14]. In the process of customer relationship
management and knowledge management, it is very important for enterprises’ decision
to timely find the customers' abnormal data that can provide guidance to evade market
risks for the enterprises. These abnormal data may be a prelude to customer behavior
changing. If enterprises don't understand this information timely, they will make an error
decision which is far from reality [11]. Along with the development of modern
information technology, we can easily analyze the knowledge through neural network,
cluster analysis and so on, timely find the abnormal changes, and help enterprises to
have a rapid response.
d) Using customer knowledge: Use of customer knowledge refers to the organization
members to use the customer knowledge to guide the marketing management practice
activities, in order to play performance value of the customer knowledge, and is the most
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important step in the process of customer knowledge management cycle. Customer
knowledge must be used in the concrete operation process of enterprises. Effective using
of customer knowledge is the key to enterprises which are in the fierce market
competition.
e) Decision layer: The customer knowledge management model is accumulating
knowledge constantly through the cycle of interaction between customers and
enterprises, and provides the service for enterprises’ managers. Senior leaders can make
use of customer knowledge in strategic decision. Marketing department can use it to
monitor the market dynamic. Sales staff can make predict market sales capacity by it.
Research and development staff can improve the characteristics of products to better
meet customer needs and so on.
Critical Success Factors (CSF) is the relevant issues to be aware of and to be taken care of in the
implementation process if we want that process to be satisfactory [15]. These factors must be
kept present and be addressed properly along any CRM implementation project. According to
(King, 2007), the main CSF of a CRM implementation are: x Top management support x
Communication of CRM strategy x Knowledge management capabilities x Willingness to share
data x Willingness to change processes x Technological readiness x Culture change/customer
orientation x Process change capability x Systems integration capability

Conclusions
Some of the expected results might be the following:
 Incorporation of iterations in the process
 Potential for better management and risk identification
 Roles and requirements of each task are always present and defined for each one of them.
 Iterations allow tasks to detect errors and threats that may affect the project.
The goal is to develop a method that can be applied in any situation regardless the kind of
enterprise or the organizational structure of any company in any place. CRM programming
combines client data and reports into a solitary CRM database so business clients can all the
more effortlessly get to and oversee it. The other primary elements of this product incorporate
recording different client cooperation’s (over email, telephone calls, online networking or
different stations, contingent upon framework capacities), robotizing different work process
procedures, for example, assignments, timetables and cautions, and giving supervisors the
capacity to track execution and profitability in view of data logged inside the framework.
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Abstract
Spectacular success has been observed in developing and deploying a large variety of
silicon/polymer based miniaturized micro-electro-mechanical systems (MEMS) based
sensor/actuator devices along with integrated signal conditioning and processing circuitry for
their system applications. From this experience, it is foreseen that for deploying extremely
large number of these miniaturized MEMS based sensors/actuators in Internet of Things (IoT),
two major problems need to be taken care of. The first one is related to using low cost
substrates like cellulosic papers, plastics and technical textiles. The second problem is related
to replacing the subtractive technology of lithography based patterning, wet, and dry etching
used extensively in Si microelectronics by some low cost additive technology. In this context,
ready available printing of functional materials in printing of functional materials in patterned
forms and their thermal treatment show great promise for realizing transducer parts for
improving the sensitivity by employing engineered materials.
The above-mentioned problems are currently being handled, in our laboratory at YMCA
University of Science and Technology, by employing nano inks comprising of graphene and
functional polymeric compounds based nanocomposites to print transducer elements at
appropriate locations on low-cost paper substrates in fabricating MEMS structures with the
help of laser patterning. Green processing combined with the use of renewable resources
involved in this attempt would be highlighted in this presentation with the help of fabricated
devices already realized.
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Introduction
Sensors and Actuators are two major components of energy transducing devices in which one
form of energy is converted into the other with help of intrinsic property of the material used.
For example, a piezoresistive material changes its resistance under strained conditions.
Similarly, a piezoelectric material produces mechanical strain on applying voltage across the
two surfaces situated oppositely. In sensors, the presence of measurand generally produces
adequate electrical signal that is further amplified, conditioned and processed before getting
them used in some system applications. A suitable combination of sensors and actuators in an
electronic feedback loop can be used for providing an electronically intelligent function with
some target specification [1].
Her Most of the sensing and actuating devices developed using bulk materials are not only
more power consuming but also sluggish in response besides being costly. In their present form
available commercially today are not at all well suited for their applications in IoT systems. The
anticipated number of these devices exceeding trillion by 2020, various features of the currently
available devices need drastic modifications.
For example, recognizing the anisotropic alkaline etching characteristics of silicon and other
semiconductors, an extensive R&D effort was made in realizing miniaturized mechanical
components with already developed CMOS IC fabrication technology to fabricate bulk and
surface micro machined micro components that are not only produced in large batches
reproducibly but also integrated with signal conditioning, and processing circuitry by adding
CMOS ICs accordingly. The fabrication technology of these MEMS devices were suitably
modified to include a number of transducing elements by combining bulk and surface
micromachining in properly interconnected electro-mechanical forms for providing precisely
reproducible performances. The whole process of realizing micro components got improved
automatically with any additional processing introduced in CMOS IC technology. Consequent
upon these developments in recent past a number of MEMS based micro sensors including
those for measuring pressure, force, acceleration, and rotation were developed and made
available for their commercial application. Requirements from chemical, magnetic, optical and
biomedical applications were also translated into numerous types sensing devices by employing
some additional organic materials as well. For example, swelling of a suitable conducting
polymer in presence of some specific organic solvents, was used to detect minute quantity of
their vapors as gas specific sensors where change in resistance was the detection criterion.
Introducing precisely fabricated micro channels and mixing chambers, micro total analysis
systems (𝜇 -TASs) were developed for bio analytical purposes as a laboratory on a chip. This
scheme became quite popular because of involving fast responding chemical reactions that used
minute quantities of expensive chemicals that are actually used therein [2].
In spite all these spectacular success stories of MEMS devices in various systems in recent
past, there are two major drawbacks of this particular route of realizing sensing and actuating

427 J.C. Bose University of Science and Technology, YMCA, Faridabad

devices for their extra large scale commercial uses. The first one is the requirement of one of
the most sophisticated technologies involving very complex and cost intensive process
equipment, which are not possible to have quite often at many places for increasing the number
of these devices so produced. This ultimately limits the overall cost of the finished devices. The
second problem is related to the use of materials like silicon and other semiconductors, which
are though very much compatible with signal processing and conditioning parts, but are quite
expensive as raw materials requiring chemically hazardous compounds during device
fabrications. This also limits the overall cost of the finished devices in the long run. From these
consistent observations, it becomes clear that for employing MEMS sensors and actuators in
IoT systems the complex processes and substrate cost must be modified considerably by
searching for more economical alternatives [2]. Various attempts made in simplifying the
process steps and reducing the overall costs of MEMS devices in recent past are briefly
reviewed here before presenting about the experimental devices fabricated in our laboratory in
the preliminary attempts made during establishing a reasonable R&D facility.

Low Cost Alternate Substrates
There are several alternatives to use in MEMS device fabrications, where the elastic properties
can be modified to meet a number of specific applications with the help of employing
transducer patterns at required locations [3]. Cellulosic paper with different over coatings are
noted to offer a suitable platform with controllable properties. For high definition printing of
patterns using nano inks of a number of functional chemical species like conducting
nanoparticles, semiconducting and dielectric materials prepared from chemical conjugation of a
large number of species, features like ink spread, penetration barrier and resolution of the
printed patterns have been optimized in connection with developing printed electronics. Even
before applying surface modifying chemical coatings, it is possible modify its elastic properties
by employing nano cellulose of different characteristics employed in paper manufacture. Thus,
combining these two aspects together it has been possible to modify the printability aspects of
paper available commercially within reasonable limits without adding to the cost of production
[2,3].
The next process is to produce MEMS structures like a variety of cantilevers, suspended masses
supported by spring components for accelerometers and gyroscopes, and many more to include
a large variety of measurements in chemical and biological applications. One thing is
noteworthy here that the combination of paper MEMS structures combined with printing of
functional materials in suitable geometries would certainly provide better flexibility and
variations compared to using silicon and other semiconductors where the intrinsic properties of
the substrate alone are available for their uses. For example, using a combination of graphene
with organic compounds like PMMA, pyridine, PDMS, and similar others including fullerenes
and carbon nanotubes one can change piezoresistive and other properties over a wide range not
feasible in case of conventional MEMS devices. A number of PhD programs have been
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identified to work on by involving graduate students from Physics, Chemistry, Electronics
Engineering and Mechanical Engineering departments of the University [2].
For patterned cutting of MEMS structures there are several options like using knife, knife
fitted to plotter, and laser cutting. After trying these options with varying success the lasercutting route has been identified to add to the existing facility. A number of successful trials
have been made using commercial laser cutting machines using different types of papers
procured from commercial sources. Commonly available limit of 0.05mm is available
invariably. Adding CCD camera will provide suitable alignment during cutting process [4].

Printing of Functional Materials
For lithography less patterned printing of functional materials dissolved in suitable solvent
for preparing inks involving a large combination of bulk, nanoparticulate and 2D-material
flakes, a number of versions of printing like gravure, offset, and inkjet have been evaluated in
recent past to deposit functional materials in controlled geometry pattern using some modified
form the basic machines available commercially. There are few suppliers who have sorted out
the problems associated with printing of functional materials by studying the drop formation
control along with other printing parameters to produce the functional materials satisfactorily.
One of such basic inkjet printing machine has been identified to get for our work here. Printing
of various geometries of functional materials as well as contacts on chosen A4 size sheet of
paper will go for defining the MEMS structures aligned with acceptable tolerance by
controlling the process parameters [5].
Thermal annealing or UV treatment of printed pattern allows the removal of the solvent
besides causing some shrinkage, which can be taken care of at the design stage as offset.
Adhesion of the printed pattern on the paper is another parameter that is getting addressed to by
several methods including some special treatment of the paper substrate. Of course, the
influence of these coatings must be taken into account while adjusting the laser power during
MEMS structuring without affecting the pattern definitions beyond certain limits. Sometimes,
in some cases, UV curing of the printed patterns may be better than thermal annealing. This
could also be extended to using laser annealing to minimize the substrate damage. In another
alternative, some high temperature papers are also possible to try by optimizing the laser
cutting, inkjet printing along with pattern thermal annealing [6].

Functional Materials
With the development of nanomaterials in reduced dimensions (2,1, and 0-D) it has been
clearly demonstrated to change their size and shape specific physico-chemico-biological
properties by combining their nanoparticulate phases in suitable solvents facilitated by surface
functionalization. Materials available in nanoparticulate phases are easily functionalized to
convert into colloidal form for their numerous applications. However, the presence of large
number of unsaturated dangling bonds on their surface make them highly active and ever ready
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to conjugate with other species as well as their own to coagulate by increasing their average
size with time. Because of reversible thermodynamic interactions leading to aggregation and
dissolution running in parallel their size becomes a dynamic quantity as confirmed under
SEM/TEM observations. In contrast to these NPs the situation is quite different where the 2-D
configuration of mono and few layer flakes are highly stable due to absence of dangling bonds
on either of the sides of the monolayer resulting in van der Waals type interlayer interactions.
This feature of 2-D materials provides a very stable surface not changing in time because of
strong covalent bonds between unit cells forming 2-D lattice. However, these monolayers are
highly sensitive to the existence of any chemical species near such layers. This provides very
good opportunity to detect the presence of various species as sensor of unparalleled sensitivity
already observed. The presence of 𝜋-bonds across the transverse plane of these monolayers
provides very high mobility and saturated limited drift velocity to the charge carriers.
Manipulation of these parameters helps in making these novel materials highly appropriate not
only for sensors but also the amplifying devices like FETs and other
photovoltaic/photosensitive devices. The technology involved in realizing such novel device
lies in preparing these 2-D mono/multiple layers of reasonable area free from kinks and defects
[7].
Another unique property of the 2-D materials is to form vertical and lateral heterojunctions
using van der Waals epitaxy in various configurations resulting in different types of band
alignments. A number of configuration of excitons supported across these band alignments
make this process very flexible to control electronic as well optical properties of these materials
unique in comparison to the conventional hetero-structure based super lattices known so far [7].
Taking the most studied example of graphene monolayer it has been found to posses zero
band gap fermions that can be converted to p and n-type species by applying field. Ideally this
unique material should have been readily available for FET structure but the presence of zero
band gap does not allow the graphene channel to be switched off. Such a condition is not useful
for switching devices. To take care of this anomaly instead of one monolayer few layers put
together might help in introducing some finite band gap. Even etching a strip has been found to
give rise to non-zero band gap. On the other hand, using other materials like WS 2, and MoS2
this problem is taken care of because of their unique structure [7].
Combinations of graphene with polymeric compounds are progressively analyzed for their
better device applications. This scheme of nano conjugation has great role in providing varying
opportunities to realizing sensors and actuators using these 2D-materials with advantages. It is
also possible to combine nanoparticulate species attached to 2D-materials for modifying the
electronic and optical properties of the combinations [7].

Experimental setup
Preliminary experiments were conducted by using knife to cut cantilever structures and
drawing a piezo resistive pattern with the help of graphite pencil that demonstrated the
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variation of resistance with deflection of the cantilever arm. The second phase of the
experiment was using laser cutter to precisely cut the desired structures with much better
control on their edge definitions. In the mean time, graphene ink was procured and
characterized before mixing with different polymeric compounds to prepare nanocomposites
ink for improving the efficiency of the piezo resistance change. The efforts are also going on to
measure the elastic properties of 3 different types of paper procured for designing the optimum
structures using ANSYS software to be in the laboratory shortly. Some of these finished paper
based MEMS structures will be demonstrated with measured data as preliminary study before
furthering the effort for commercial production for a given specific application.

Results and Discussion
Demonstrating a simple low cost MEMS force sensor using paper as the structural material in
2011 made the researcher attracted towards this route of MEMS sensor explorations. The
piezoresistive effect of patterned graphite ink on paper substrate could produce an inexpensive
device that was not only simple to fabricate, but also lightweight, and disposable. The paper
substrate allowed easy integration of electrical signal processing circuits as well as MEMS
devices. These devices had a detection limit of 120 µN, measurement range: ±16 mN, and
sensitivity: 0.84 mV/mN), which could be used for characterizing mechanical properties of soft
materials [8].
The significant role to be played by MEMS based sensors and actuators in fast growing IoT
and other industrial applications can be gauged from the projections made by the analysts from
industry. Few significant observations from these reviews are summarized here for the benefit
of readers in this context.
MEMS based sensors/actuators along with increasing processing power, are bound to usher
in an era of newer applications such as augmented and virtual reality (AR/VR), autonomous
vehicles, 3D sensing, and 5G communications. The list of devices needed in these areas
includes imagers, magnetic, chemical, biometric, optical sensors, and RF MEMS. According to
a recent projection the market will grow to $66B in 2021, with 12% CAGR. In terms of the
number of sensors and actuators including surface and bulk acoustic wave (SAW and BAW)
filters, oscillators, ink-jet heads, micro mirrors, and microfluidic devices will reach almost 138
billion units in 2021. In this kind of fast market, MEMS technology occupies a significant
position. MEMS market is projected to grow @ 14% CAGR. Among diverse MEMS devices,
RF MEMS, oscillators, silicon microfluidics and environmental MEMS are expected to have
major share.
Besides the growing market of piezoelectric MEMS, piezo thin-films possess better
advantages, both in manufacturing and in producing smaller, lower-power consumption printed
actuators to increase resolution and provide better drop size control. Thin-film lead zirconate
titanate (PZT) is currently the material of choice for the piezo-ejection process. New MEMS
devices that are on the way are enabled by piezo technology. In accelerometers, microphones
and pressure sensors, MEMS offers advantages over traditional technology in terms of smaller
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size, batch processing, high performance and electronic integration. Now the same should occur
with MEMS micro-speakers based on PZT material, which could be the next disruptive
technology in this industry. It could halve power consumption compared to voice-coil actuator
speakers for portable and headphone applications. Manufactured in large volumes, they could
provide a 40 to 80 percent cost reduction.
Environmental MEMS comprising of gas and chemical sensors, is anticipated to grow with
16% CAGR greater than the general MEMS market. With air quality becoming a health issue
worldwide and the possible integration of gas sensors in wearable and IoT devices, these
sensors have a bright future.
Despite bright future of MEMS market, the manufacturers have entered into a fierce price
war with reduced margins. Future differentiation will come from functions and intelligence to
be added to the sensors. For instance, the integration of digital signal processing close to the
MEMS chip in a microphone allows more functionality, such as noise cancellation, at the
package level. This is a smart choice to add value, increase price and keep the control of these
functionalities in-house [9].
Gartner’s projections regarding MEMS-based smart sensors predict a growth reaching
$57.77 billion by 2022; at 18.1% CAGR. The market was foreseen driven by various factors
including concern for security and surveillance, rising need for energy-efficient miniaturized
devices, growing consumer electronics sector, surge in automotive industry on a global basis,
favorable government initiatives, and growing trend of miniaturization in sensors [10].
STMicroelectronics from India is reported to have shipped 12 billion of MEMS sensors to date
for consumer and portable applications. This company is committed to develop new products
by investing heavily and working to expand in automotive and industrial applications.
It is noted from the currently ongoing studies of using smart paper platforms with the devices
necessary for sensor activities are expected to aim for further simplification of design and
construction, integration of new functions such as separations and preconcentration, and
minimization of user intervention. However, the problems being faced in doing so include
adding on-board storage of reagents and ensuring their stability; figuring out how to efficiently
resolvate those reagents at the time of need; eliminating nonspecific adsorption; and purifying
matrices, such as blood, prior to analysis especially involved in biomedical devices. Further, for
using paper sensors in day to day life, the read out facility needs further improvement. For
instance, interfacing the output of these sensors with commonly available cell phones needs
further development. The power requirement seems feasible by using printed photovoltaic solar
cells. Knowing well that in future the individuals would certainly like to take care of their own
health care needs. Continuos management of chronic disease in homes is a good example. The
ability of an individual to routinely check his or her biomarkers and transmit the results
wirelessly to distant clinics will be of value with the help of IoT [11].
In a recent review of medical devices, a method was described using 2D layer by-layer
fabrication process to create functional 3D mechanisms by folding 2D layers of structural
materials, flexible, adhesive, or conductive. This enabled realization of actuation, sensing, and
circuitry to be directly integrated with the articulating features by selecting the appropriate
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materials during the manufacturing process. To demonstrate its efficacy three modular robotic
components of mm-size were fabricated to function as sensors, mechanisms, and actuators.
These modules could potentially be implemented into transendoscopic systems, enabling
bilateral grasping, retraction and cutting for performing endoscopy. This kind of new
mechanism, sensor and actuation technologies could be readily integrated via new millimeterscale layer-by-layer manufacturing approaches [12].
It is possible to conclude from very brief description given above that low cost substrates
like paper, textiles, plastics and flexible rubber are emerging strongly for their novel
applications in realizing MEMS sensors and actuator by using low cost printing of functional
materials combined with nanoparticule as well as 2D-flakes comprising of mono and multiple
layer with grahene as the base material in such functional inks for producing efficient
transducer patterns. Areas like biodiagnostics, automotive, environmental pollution, and
predictive maintenance of production machines are certainly going to be benefitted via IoT
route in variety of ways by adding intelligent decision making in cloud hub where sufficient
data are available. The projections summarized from industrial market experts as give briefly
above are witness to the vigorous activities expected in near future.
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Abstract
This paper presents mechanical and thermal analysis using ANSYS software for the stresses
and deformation analysis of diesel engine piston for steady state condition. Stress, strain and
temperature distribution within the piston at the normal operated condition of the engine are
obtained from the simulation. Higher value of equivalent stress occurs mainly at the piston
head and in the region near to the gudgeon pin hole therefore the chances of the deformation
is maximum at these parts. In this analysis the maximum equivalent stress generated due to
thermo-mechanical loading is 216.5 MPa which is very less to the yield strength of the
aluminium alloy (315 MPa) used as piston material.
Key words: thermal mechanical stresses; Deformation; Piston; ANSYS

Introduction
Piston engines are major source of power generation for automobile. The piston is a
significant component of the automobile engine and consists of a moving hollow cylinder
with grooves to accommodate the piston rings. After installation in cylinder, the piston
provides an air tight space for combustion. One side of piston is connected to a connecting
rod through piston pin, while other side combustion of fuel takes place. The piston transmits
the linear reciprocating force generate from the combustion of fuel to the crankshaft to get the
rotational motion. Additionally, to keep the combustion safe in the engine cylinder, the piston
works as a movable sealed connection. Due to high amplitude cyclic force, long term high
temperature and poor cooling; the piston material experience severe mechanical and thermal
stresses [1], [2]. Researchers have made continuous efforts in order to improve piston design
to achieve high performance of engine. For example, the works include analytical approach
for prediction of piston temperature distribution [3] and modeling of the combustion flow
[4], enhancement in the piston material characteristics to improve the thermal and mechanical
behavior [5][6][7][8], improvement in friction reduction and lubrication in between the piston
and wall [9],[10],[11][12][13][14], the development in modeling tools like computer aided
engineering and finite element methods [15][16]. During the operation, the piston is exposed
to high temperature and high magnitude cyclic force generate from combustion of fuel. These
harass environmental condition (high mechanical and thermal stresses) are detrimental for the
piston and can be the cause of failure of the piston. Periodic variation in load and temperature
create cyclic stress and cyclic deformation in piston that leads to the fatigue failure, a major
reason of piston damage. A lot of work has been done to analyze the failure mechanism and
strength of piston [17][18][19] In work [19] analyze the thermal temperature fields and
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thermal stress under steady temperature field of diesel engine piston, Liu et.al. carried out the
numerical analysis of piston strength and deformation based on thermo-mechanical coupling
for China-V diesel engine, In the era of modern computation, finite element analysis has
become the standard numerical method for the prediction of mechanical and thermal
properties distribution in most structural components. in the study [19], liu studied the
mechanical and thermal condition of the piston for a diesel engine and done the finite element
analysis, [20] done computer aided engineering analysis on the piston to solve crack problem
occurred by fatigue condition. In work [21], author examined the fatigue life and also
analyze the thermal stress in piston. By the research it has been found that various type of
coating on the piston surface reduce the maximum temperature in the piston and also improve
the wear characteristics. [22] done the thermal analysis of a ceramic coating diesel engine
piston using 3-D finite element method,
In this work, 3d geometric model for piston is created on SOLIDWORKS software from the
calculated dimensions by the empirical formulae and then import to ANSYS workbench for
further analysis. Reference values have been taken for applied pressure, temperature and heat
flux as boundary conditions. By simulation results, we obtained mechanical and thermal
stresses, equivalent stress, variation in temperature profile, heat flux and equivalent elastic
strain. The paper aims to show a direction for improvement in the design of piston for
thermal and mechanical loading.

Design and modelling of piston
Piston material
Material for piston is selected on the basis of properties required by the piston to have a
greater performance and durability. Some of the major and important properties include, high
thermal and mechanical strength to withstand high temperature and pressure generate from
the combustion of fuel, minimum mass to reduce the inertia force for more output and less
noise against the high amplitude vibration. The piston should also have effective sealed
movable connection between cylinder wall and piston skirt to prevent the leakage of fluid
from either side of piston. Also wear of the piston should be least as it requires sufficient
bearing area.
In present time Al alloy is used as piston material in almost all type of automotive engines.
But Cast iron was used as piston material in early years of engine development. The reason
was that cast iron have great properties suitable for piston like high coefficient of thermal
expansion, very low wear and good manufacturing property. but continuous efforts for
achieve high automotive speed and engine performance have shown that high power to
weight ratio for engine is required. because weight of reciprocating part is constrained for
power output due to inertia force. To fulfil this requirement Aluminium got edge on the Cast
iron for the base material for piston. Aluminium has light weight and very high thermal
conductivity (thrice of Cast iron). For the same strength of piston, light weight gives more
thickness to Al piston and high thermal conductivity is helpful to disperse the heat quickly
throughout the material. This lowers the temperature (250 °C to 300 °C as compared with
Cast iron 400 °C to 450 °C) of piston significantly during the operations that reduce the
thermal stresses and consequently total deformation in piston and also improve the life and
performance of underside engine oil in crankcase by keeping it in the safe temperature range.
The other piston properties for Al are also almost equal with Cast iron. The cool running
property of Al piston is now acknowledged as being quite as valuable and important as its
lightness.
Piston in IC engine must have the following characteristics:
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Tensile, compressive and bending strength to resist gas pressure
Light weight
Friction should be minimum to reduce the wear of piston material.
Leak proof to avoid any leakage of oil or gas.
Noise should be less from reciprocation.
Piston material should have high thermal conductivity to lower the temperature.
High thermal and mechanical strength to withstand high temperature and driving
force.

By considering the above requirement, piston material used in this analysis is Al 4032.
Table 1: Composition of Al 4032

Al
Si
Mg
Cu
Ni

85%
12.2%
1%
0.9%
0.9%

Table 2: Physical properties of Al 4032

Property
Modulus of elasticity, GPa
Ultimate tensile strength, MPa
Specific heat capacity, J/kgK
Thermal conductivity, W/mK
Poisson’s ratio
Density, g/cc
Thermal expansion coefficient, /0C

Value
79
380
870
155
0.33
2.68
19.4×10-6

Design of Piston
Calculation for dimensions of the designed piston:
The dimensions of the piston are calculated with the help of design formulas for piston given
below. We used a single cylinder, 4 stroke diesel engine of Kirlosker for the design of the
piston.

Thickness of Piston Head (th):

The piston thickness of piston head calculated using the following Grashoff’s formula,
th =D √(3P)/ (16σt) mm
P – Max. Pressure for Al alloy, N/mm²
D - Outside diameter of the piston, mm
σt - Permissible tensile stress for Al alloy

....(1)

Heat Flow through the Piston Head (H):
Heat flow through the piston head is calculated by the formula shown below:
H = 12.56.th.k.(Tc-Te) KJ/sec
Where,
k - thermal conductivity of material
Tc- temperature at centre of piston head in °C

....(2)
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Te - temperature at edges of piston head in °C
(Tc-Te) = 75°C for Aluminium alloy
Thickness of piston head on the basis of heat dissipation:
H = [C.HCV.m.BP]
....(3)
Where:
C – Constant for the heat supplied to the engine and consider approximately 0.05 of HCV
m – Mass of fuel
By comparing both the dimensions for piston head thickness, maximum thickness will be
considered for piston head thickness.

Radial Thickness of Ring (t1):

t1 = D√3pw/σt
Where;
D - Cylinder bore, mm
Pw - Pressure of fuel on cylinder wall, N/mm² (0.025N/mm² - 0.042N/mm2)

....(4)

Axial Thickness of Ring (t2):
Thickness of the rings:
t2

= 0.7t1 to t1

....(5)

Number of rings in piston (nr):
Minimum axial thickness:
t2 = D/( 10×nr )

....(6)

The width of the top land of piston varies from
b1 = tH to1.2 tH.

....(7)

where:
nr - number of rings in piston

Width of the top land (b1):
Width of other lands (b2):
Width of other ring lands varies from
b2 = 0.75t2 to t2.

....(8)

Maximum Thickness of Barrel at the top end (t3):
Radial depth of the piston ring grooves (b):
b = 0.4 +t1.
t3 = 0.03×D + b + 4.5 mm

....(9)

Thickness of piston barrel at the open end (t4):
Piston pin diameter (do):

t4 = 0.25 t1 to 0.35 t1

....(10)

Π/4×D2×Pmax = Pb.d0.l1

....(11)

Where:
l1 is the length of piston pin in the bush of small end of connecting rod: l1=0.45D.

Length of skirt (l):
l = 0.65D to 0.8D

....(12)

d1=1.5d0

....(13)

Diameter of piston boss (d1):
(for Al alloys)
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Table 3: Final dimensions of the piston

Piston diameter, mm
Piston length, mm
Axial thickness of ring, mm
Radial thickness of ring, mm
Number of ring
Width of top land, mm
Width of other land, mm
Maximum thickness of barrel at top end, mm
Thickness of barrel at the open end, mm
Piston pin diameter, mm
Length of skirt, mm

88
95
2.1
3
4
10
2.1
10.54
3.7
26
70.44

Diameter of piston bosses, mm

39

Thermal and mechanical analysis of piston
Computer Aided Engineering
The 3d model for piston is created on SOLIDWORKS software from the above calculated
dimensions and then import to ANSYS workbench for further analysis.

Meshing
For simulation by FEM, generation of mesh is key parameter. It is important to choose the
optimum no of mesh elements and right size of elements that can lower the computation time
and solver memory to get the optimum accuracy. ANSYS posses’ variety of three
dimensional solid elements of various shape, those could be fit for appropriate model. For
meshing, 4-mode C3D4 three dimensional linear tetrahedron shape elements are used in this
model. Tetrahedral elements are flexible, simple to automate and have number of degree of
freedom. The mesh grid of the piston model is shown in the fig.1. The assembly contains
57630 number of total elements and 91176 number of nodes.

Fig.1: Mesh model of the piston

Structural analysis of piston
High pressure force is generated in the combustion chamber due to burning of the fuel that
exerts force on the head of piston and move it with high velocity. In structural analysis of
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piston, this pressure force act as a boundary condition in ANSYS Workbench15. Pin hole
helps in piston movement from top dead centre to bottom dead centre, transmits the driving
force to connecting rod due to which it has chance of failure due to the force generated from
combustion (including bending force). So It is considered as fixed support for boundary
condition. The maximum pressure acting on the piston during the power stroke is 6 MPa.
After the given pressure applied to the piston in the ANSYS workbench 15.0 for the
simulation of the model various simulation results are obtained which gives structural
analyses of the piston. The results obtained in the structural analysis of the piston are for
maximum principal stress, Von-mises stress, maximum elastic strain and total deformation.

Fig. 2: Applied pressure with fixed support

Fig 3: Equivalent Stress distribution in piston

Fig.4: Maximum principal stress results in piston

Fig.5: Total Deformation results in piston

In Fig.3 maximum value of Von-mises stress in piston during the structural analysis is at
middle of the piston head. The value of maximum Von-mises stress is 68 MPa. At the skirt
part of the piston value of equivalent stress is very less which is shown in the plot but
equivalent stress in the region of piston pin is comparatively high as compare other portion of
piston skirt. Fig.4 shows the Max. principal stress distribution in the piston. The maximum
value of principal stress is 33 MPa at the edges of the piston head. The value of maximum
principal stress is much less in piston skirt region. maximum principal stress values is also
higher in the region of the grooves of the rings, magnitude of which lie in the range of 25-35
MPa. Maximum deformation in the piston is at middle of the piston head shown in fig.5. The
total deformation values in other portion of the piston are very less as compare to
deformation of piston head. Minimum deformation occurs in the skirt region of the piston.
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Where deformations at the mid portion of the skirt are uniform and have maximum value in
the piston pin region.

Thermal analysis of the piston
Material used for piston in the analysis is Al 4032, which is an alloy of piston, the
temperature at piston head in case of Aluminium alloy is lie between 200 0C to 300 0C. For
the thermal analysis of piston we have given 300 0C temperature to the piston and a
convective heat transfer of 400 W/m2k. Simulation results for thermal analysis gives the

Fig 6: Contour plot of Temperature distribution on the
piston

Fig.7: Contour plot of Thermal strain on piston

Fig.8: Total heat flux in the piston

temperature distribution, thermal strain and total heat flux.
Fig.6 shows the temperature variation in the piston from head to skirt. The maximum
temperature occurs at the piston head because the combustion takes place just above piston
head due to which very high heat generated which is transferred to the piston surface. Value
of the temperature is decreases from head to skirt in uneven manner due to which there is
temperature gradient generated in the piston. Due to the temperature gradient in the piston
there is thermal strain as well as thermal stress generated in the piston. Thermal stress is the
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most important factor for the damage of the piston. Variation of the temperature and heat
transfer coefficient (h) is very uneven in the piston due to which thermal analysis of the
piston is very critical. Convective heat transfer have different value at different portion of the
piston, it is the function of temperature, pressure and the reciprocating velocity of the piston.
As shown in fig. 7, maximum value of thermal strain occurs in the piston head and the value
of the thermal strain decreases towards the skirt and has minimum value at the lowest portion
of the piston skirt. Maximum heat flux occurs in the grooves of first piston ring and the
second ring groove has less heat flux as compare to first ring and third ring groove has lower
heat flux as compare to second one shown in fig, 8. Edge of the piston head has more heat
flux as compare to middle part of the piston head and the heat flux for piston skirt is also very
less as compare to the heat flux for the edge of the piston head.

Coupled thermo-mechanical analysis of piston
In this analysis we apply both the conditions i.e. structural as well thermal boundary
conditions on the piston. Pressure applied at the piston head is 6 MPa and maximum
temperature on the piston head is 3000C. The temperature varies from 3000C at the head to
490C at the skirt which causes temperature gradient at the piston due to which thermal
stresses are developed in the piston. In this total analysis of piston equivalent stress,
maximum principal stress, equivalent elastic strain and total deformation are discussed and
shown respectively in fig.9 to fig.12.
Equivalent stress in thermo-mechanical analysis is higher than the previous value of
equivalent stress in the structural analysis part of the piston. From the plot shown below we
can notice that the maximum value of equivalent stress occurs near the hole where gudgeon
pin connects the piston to the connecting rod. The value of equivalent stress is also higher at
the piston head.

Fig.9: Equivalent stress or von mises stress results

Fig.10: Maximum principal stress results
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Fig.11: Total deformation results

Fig.12: Equivalent elastic strain results

At the edge of the piston head and in the grooves of compression rings the maximum
principal stress has higher tensile value where as in region near to the piston pin the
maximum principal stress has higher compressive value. The maximum value of deformation
occurs at the edges of the piston and at the lower portion of the skirt. The minimum
deformation is shown in the region near to the hole of piston pin. Deformation in the other
portion of the piston skirt is lower as compare to edge of the piston head. We can see in the
plot that the total deformation at piston head decreases from edge towards the centre. The
distribution of the elastic strain is almost same as that of the equivalent stress distribution.
From the above plot we can notice that the maximum elastic strain due thermal and
mechanical loading occurs in the region near to the hole of piston pin. The value of elastic
strain due to thermo-mechanical loading has higher value at the middle of the piston head
where as the value of elastic strain is lower at the edges of the piston head.

Validation of parameters used in the design of piston
exhaust temperature of the above Engine is measured with the help of thermal imagine
camera. Which show that highest Temperature is 239.2 0C found at exhaust outlet pipe of
engine and the ambient temperature is 26 0C. During the operation of the Internal
Ccombustion engine a huge amount of energy goes to coolant and in the form of exhaust
energy. The enthalpy initially in the exhaust gases can be subdivided into 60% of sensible
enthalpy, 7% in exhaust kinetic energy, 20% to incomplete combustion term and 12% of heat
is transfer to the exhaust system(part of which is radiated to the environment)
So it is clear that large part of the exhaust energy is transferred to the ambient by sensible
form of heat transfer which can be calculated by calculating the exhaust gas temperature.
During the measurement of the frame temperature of the IC engine we found the temperature
at the exhaust frame temperature which must be much nearer to the temperature of the
exhaust gas. Therefore we can take the exhaust gas temperature = 245 0C (which is slightly
higher than the frame temperature at the exhaust).
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Table 4: specification of engine

Number of stroke

4

Number of cylinder

1

Cycle of engine

Diesel

Cylinder diameter, mm

88

Stroke length, mm

110

Compression ratio of engine

17.5

Rated power of engine, kW

5.2

Rotation, RPM

1500

Swept volume, cc

661

Specific fuel consumption, kg/kW-hr

0.22

Cooling system

Water cooled

Heat loss through the exhaust gas from internal combustion is calculated theorticaly from the
specification shown above. It has been found that 35% of the total energy is converted into
the brake power for the engine which is 5.2 kW, therefore the value of total energy generated
in the engine is 14.85 kW. While Total energy wasted in exhaust is 4.255 kW. Out of the total
exhaust energy 60% is in the form of sensible energy, The value of sensible energy loss in the
exhaust which is obtained theoretically is very much comparable to the value of sensible
energy loss in exhaust obtained by analytical method, which is calculated for the given four
strokes Diesel Engine. Therefore we can use the given boundary conditions.

Results
In the thermo-mechanical analysis of piston which is made of aluminium alloy following
results are obtain
 In the mechanical analysis of the piston maximum value of equivalent or von-mises
stress obtained at the piston head is 68 MPa. Other parts of the piston have lower value
equivalent stress.
 Because of mechanical loading at piston maximum total deformation occurs at the piston
head having maximum value of 0.03 mm.
 In thermal analysis of the piston, variation of the temperature profile at the piston in
which maximum temperature of magnitude 300 0C occurs at the piston head and the
minimum temperature of 48.5 0C occurs at the piston skirt.
 Maximum thermal strain of 0.0011 obtained at the piston head and it’s value decrease
towards the piston skirt and has minimum value of 9.11×10-5.
 Total heat flux has obtained maximum value in the grooves of first compression ring and
has value of 1.6155×106 W/m2. And the other higher value of heat flux is obtained in
other grooves of the rings and at the piston head, having magnitude of 0.9×105 W/m2.
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 When the both loading i.e. thermal and mechanical acting at the piston maximum value
of equivalent stress obtained is 216.5 MPa and this value is obtained near the hole of
gudgeon pin.
 Maximum total deformation in the thermo-mechanical loading occurs at the edges of the
piston head and has the value of 0.052 mm.
 Maximum equivalent elastic strain obtained near the region of hole of gudgeon pin
having the 0.003049.

Conclusion
Higher value of equivalent stress occurs mainly at the piston head and in the region near to
the gugeon pin hole therefore the chances of the deformation is maximum at these parts. In
this analysis the maximum equivalent stress generated due thermo-mechanical loading is
216.5 MPa which is very less to the yield strength of the aluminium alloy (315 MPa) used as
piston material.

Future scope





In this work, static finite element analysis of the piston has been accomplished with
the help of ANSYS. This work can be more realistic in nature for dynamic loading
analysis of the piston
Values of stresses obtained from experiments can be used for validation of FEA
analysis for better accuracy.
ANSYS material database contains a list of Al alloy that could be imported simply for
the above study and results can be compared for various Al alloys.
Different type of coating on piston can also improve the performance by reducing the
wear of piston surface and maximum temperature inside the material.
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Abstract
The nonlinear ion-acoustic solitons are investigated in magnetized dense plasma with quantum effects of degenerate
electrons in this model. . After reviewing the basic introduction of quantum plasma, we describe the nonlinear
phenomenon of ion acoustic wave. The reductive perturbation technique is employed for low frequency nonlinear
electrostatic modes in magnetized quantum plasma. In this paper, we have derived the Zakharov-Kuznetsov (ZK)
equation of ion-acoustic solitons in a magnetized quantum plasma with degenerate electrons having arbitrary
electron temperature. In this study, we observed that the two dimensional propagation of ion acoustic solitons in a
magnetized dense plasma with the quantum effects of degenerate electrons such as Bohm diffraction.
Keywords – Ion acoustic wave, Quantum Plasma, Zakharov-Kuznetsov (ZK) equation.

I.

INTRODUCTION

In recent years, there has been rapidly growing interest in dynamical properties of quantum
plasma of systems containing partially or fully degenerate electrons in field of modern sciences
and technologies in compact of astrophysical objects, such as white-dwarfs, warm dense matter,
streaming and wake effects and plasmonics. The plasmonic materials, containing fully
degenerate electrons, have recently received renewed attention as the result of the advances in
nanofabrication techniques. A plasma becomes quantum when the quantum nature of its particles
significantly affects its macroscopic properties. In classical plasmas, the densities are so low and
temperatures so high but in quantum plasmas, the densities are high and temperatures low.
Quantum mechanics becomes relevant in plasmas when the de Broglie wavelength of the charge
carriers is comparable to the interparticle distance, so that there is a significant overlap of the
corresponding wave functions.
In quantum plasmas, the Collective interactions between an ensemble of degenerate
electrons and positrons/holes give rise to novel waves and structures by Bohm and Pines in 1953
[1]. The basic concept of semiconductor quantum plasma is the de Broglie wavelengths of the
plasma particles may be comparable to the Debye length or other scale lengths of the plasma by
using magneto hydrodynamic (MHD) model for plasmas, have developed quantum
hydrodynamic (QHD) model to study the quantum corrections in plasma characteristics by Haas
[2], Manfredi [3] and M. Marklund, P.K. Shukla in 2006 [4]. In quantum plasmas, due to interfermion distances much lower than its de Broglie wavelength and the influence of the Pauli
exclusion rule, many quantum effects such as electron-tunneling, degeneracy pressure and
Landau quantization may occur.
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Quantum ion-acoustic waves in unmagnetized quantum plasma have been
investigated by using quantum hydrodynamic models [5]. This model is very useful to study the
short-scale collective phenomena, such as waves, instabilities, linear and nonlinear interactions
in dense plasmas [6-8]. In quantum hydrodynamics (QHD), the momentum equation for
degenerate electrons contains a pressure term compatible with a Fermi-Dirac distribution
function, whereas the Bohm potential term is included for quantum diffraction [9- 11].
The Zakharov-Kuznetsov (ZK) equation was derived in 1974, to study nonlinear
propagation of ion-acoustic waves in magnetized plasmas [12-14]. The ZK equation is a multidimensional extension of the well-known Korteweg-de Vries equation (KdV) for studying
solitons. In the derivation of ZK equation, the cold Fermi electron gas assumption has been
applied for the degenerate magnetized plasma [15-17], restricted to the fully degenerate case of
negligible thermodynamic temperature in comparison to the Fermi temperature. Eliasson and
Shukla [18] derived certain nonlinear quantum electron fluid equation by taking into account the
moments of the Wigner equation and using the Fermi-Dirac distribution function for electrons
with arbitrary temperature.
In this paper, the electrons are degenerate and the set of dynamic equations for
studying the ion-acoustic waves in magnetized quantum plasmas is presented. In this paper, we
presented the nonlinear ion acoustic solitons in strongly coupled plasmas by using continuity
equations and Poisson’s equation. Using reductive perturbation methods, the ZK equation for
two dimensional propagation of nonlinear ion-acoustic wave is derived for magnetized quantum
plasma with arbitrary temperature.
2. Theoretical formulation
In order to study the nonlinear low frequency ion acoustic wave propagation we take the set of

dynamic equations for solving our problem. Consider external magnetic field B  B0 xˆ directed
along the x-axis. The general hydrodynamic model also includes ion continuity equation and
energy equation. The ion energy equation is not required because ion dynamics is isothermal at
strong couplings. The ion continuity equation –
ni
 .( ni u i )  0
t
… (1)
The generalized momentum equations for ion fluid is –

 
u i
e  1
 u i . u i 
 E  u i  B0 
t
mi 
C

The momentum equation for inertia less electron is –
 P   2   2 ne 

0  eE  e 

ne
3 2me  ne 

… (2)

… (3)
Where ne is unperturbed electron number density, Pe is electron pressure and the term  arises
due to electron tunneling through the Bohm potential. The gradient ion pressure becomes –
Pi  Ti  i ni
2
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Where μi is the coefficient of isothermal compressibility of ion fluid.
The dimensionless parameter α defined Bohm potential term depends on wave frequency and
wave number, which further depends on plasma density and temperature. In case of nondegenerate plasmas, we have α → 1. However, for a fully degenerate electrons plasma case, in
order to study low frequency waves such as ion-acoustic waves we have α = 1/3.The system of
equations is closed by Poisson’s equation  e
.E  ni  ne 
0
… (4)
The equilibrium ni0 = ne0 = n0 (say) has been defined. To explore the nonlinear structures, it is
convenient to write governing equations in dimensionless form and it is convenient to use of
normalized quantities. In order to study the obliquely propagating nonlinear ion acoustic wave in
a plane (xy) i.e.,    x ,  y ,0. The normalized ion continuity and momentum equations in the
component form of dimensionless variables can be written as follows:

ni 

 (ni ui x )  (ni ui y )  0
t x
y

… (5)

uix 


V
  uix
 uiy uix  
t  x
y 
x

… (6)

uiy




V
  uix
 uiy uiy  
 uiz
t  x
y 
y

uiz 


  uix
 uiy uiz  uiy
t  x
y 

… (7)

… (8)

Where Ω = ωci/ωpi has been defined as normalized parameter of ion cyclotron and ion plasma
frequency ratio. Where ωci = eB0/mic is the ion cyclotron frequency and ωpi = (4𝜋n0e2/mi)1/2 is
the ion plasma frequency respectively. The normalized momentum equation of inertia less
degenerate electron fluid moving along the magnetic field is given by –

0  V 


Li3 / 2 (e  0 )
H 2  1  2
2 



n



n

e
e 
2  ne  x 2 y 2 
Li3 / 2 (e  )


… (9)

H  pe
Where H  3  2T is the quantum diffraction dimensionless parameter and β = kBT, kB is the
Fe
Boltzmann constant, T is the temperature and μ0 is the equilibrium chemical potential.
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Here, we have defined the electric field intensity as the gradient of electrostatic potential i.e.,

E  V . The normalized Poisson’s equation is  2
 
 2  2 V  ne  ni
y 
 x
… (10)

Li3 / 2 (e  )
Li 3 / 2 (e  0 )

ne 

… (11)

The space (x,y) and time (t) variables are normalized by Fermi length .  Fe  3 Fe  v Fe /  pe is
the Thomas–Fermi 1-dimensional screening length of electrons.

2 Fe
is the Fermi speed of electrons,  pe 
me

Where v Fe 

ne 0 e 2
 0 me

is the electron plasma

frequency and  Di   0Ti /(ni 0 Z 2 e 2 ) is the ion Debye radius.
Now, we derive the Zakharov-Kuznetsov (ZK) equation from (5)-(10) by employing the
reductive perturbation technique and the stretched coordinates –
X= ɛ1/2 (x-Mt) , Y= ɛ1/2y and τ = ɛ3/2 t
where ɛ is a smallness parameter proportional to the amplitude of the perturbation and M is the
mode normalized by the ion thermal speed.
We can expand the variables and ne(i), ui and V in a power series of ε as –
(1)
( 2)
ne (i )  1  ne (i )   2 ne (i )  ....

… (12)

uix  0  ui x

… (13)

u iy  

3/ 2

uiz  

3/ 2

V  V

u iy

(1)

1

  2 ui x

1

uiz   uiz

1
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2

2
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5/ 2
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  u iy
2

( 2)

u iy

uiz
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 ...

 ...

 ...

… (14)
… (15)
… (16)

The lowest order terms (ε 3/2) from the set of equations (5) - (10) give1

M

1

ni
u
 x
X
X

… (17)

1

u
V 1
M x 
X
X
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… (18)

uz

1



1 V 1
 Y

… (19)

1

V 1 ne

X
X
 u y

1

… (20)

0

… (21)

Now collecting the next higher order (ε) terms from ion continuity and momentum equations (5)
to (8) give –
2 

2 
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 ni u x
 i  x 

X
X
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(1)

1
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1

u z
2 
 u y
X

… (25)

Using Equation (11) and the next higher order terms ε5/2 from the equations of motion of the
inertialess degenerate electrons in the X and Y directions, we get –
ne
X

( 2)

ne
Y

( 2)

(1)
V 2 
H 2  3
 2
(1) ne


 n e


X
X
4  X 3 X Y 2
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ne
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V 2 
H 2   2
 3  (1)
(1) ne

ne
 n e


Y
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4  Y X 2 Y 3 

… (26)

… (27)

The next higher order (ε2) terms of Poisson’s equation (10) gives –

 2
2


2
Y 2
 X

 (1)
V  ne ( 2 )  ni ( 2)
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… (28)

The next higher order terms from (22) – (25) gives –
2 
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 ni u i
 i 
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(1)
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 1
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1
 u z 1  u x 1
V 2 
1 u x



u

x
 X 

X
X



… (29)

Differentiate w.r.t. X and using (26) – (29) gives –




 A1


X X

  2
 2
 A2

A
3
2
Y 2
 X


  0


… (30)

Equation (30) is the Zakharov-Kuznetsov (ZK) equation of the nonlinear low frequency ion
acoustic wave in magnetized quantum plasma in terms of V(1) = ψ. Where the nonlinear
coefficient A1 and the dispersion coefficients A2 and A3 are given by -

1
3   
2
1 H2
A2  1 
2
4
A1 





1
1
H2


A3  1  2 
2 
4 

… (31)

The solution of Zakharov-Kuznetsov (ZK) equation is found by transforming the independent
variables X and τ to K = X – C0τ, τ = τ
… (32)
Where, C0 is a constant velocity normalized by c.
Therefore, the solution of the Zakharov-Kuznetsov (ZK) equation is –
K
   m sec h 2  

Where 

m

is the amplitude and Δ = 1/α is the width of soliton is given by –
3C 0
m 
A1 a x





4a x A2 a x2  A3 a y2



C0
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… (33)

… (34)

3. Result and discussion
The analysis of propagation of ion acoustic waves in quantum plasma has been a very important
research topic. The two dimensional propagation of ion acoustic soliton in a magnetized dense
plasma has been studied with the quantum effects of degenerate electrons such as pressure
degeneracy, Bohm diffraction. The reductive perturbation method was used to derive ZK
equation for the propagation of ion acoustic wave in a magnetized dense plasma.
It is clear that from equation (34) as C0 increases, the width of the acoustic wave’s
decreases. If A2 > 0 and A3 > 0 then it is clear that from equations (30), (31), (33) and (34) the
solitary potential profile is positive, and if A2 < 0 and A3 < 0 then solitary potential profile is
negative. In this paper, we have found the nonlinear coefficient A1 and the dispersion coefficient
A2 and A3. Therefore, the quantum effect of degenerate electrons plays an effective role on the
phase speed of ion acoustic wave and on the stability of the two dimensional ion acoustic soliton
structure propagating in a magnetized dense plasma.
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ABSTRACT
Rapid industrialization and globalization in the past few decades have significantly
increased the world’s energy usage and this increase has led to inadequate petroleum-reserves
and increased levels of pollution and global warming. These problems have made the need to use
cleaner alternative renewable energy sources essential. Biodiesel, arenewable, biodegradable and
non-toxic fuel which can be used as it is or in blends with diesel fuels is one such option as it can
be used in a diesel engine without any major engine modifications.In this study, Biodiesel
produced from tallow oil blended in different ratios (10 %, 20% and 30% abbreviated as B10,
B20 and B30 respectively) with Diesel fuel is used to compare combustion and performance
characteristics such as in-cylinder pressure, temperature, heat release, brake power, fuel
consumption etc. with conventional diesel fuel using experimental methods. The experimental
studies were conducted in a single cylinder, four strokes, water cooled,constant speed, diesel
engine running at 1500 rpm at compression ratio of 17.50
The experimental results showed that the In-cylinder pressure, mean gas temperature,
brake thermal efficiency and output torque were sufficiently higher for diesel fuel when
compared to biodiesel blends and the values further decreased with increase in blending ratios.
However, specific fuel consumption was higher in case of biodiesel blends because of its lower
heating value relative to diesel and increased with increasing blending ratios. But the differences
were within permissible limits. These results verified that biodiesel could be used efficiently
without any major engine modifications as an alternative and environmentally friendly fuel.
KEY WORDS: Biodiesel, Emissions, Alternative Fuel, Ansys, Taguchi
1.INTRODUCTION
While we are in the first quarter of twenty-first century, and running out of conventional
fuel.It is due to industrial revolution in the past two centuries [26], the world has faced serious
problem of random utilization of the energy resources, which resulted in degradation of
environment and high dependence and uncontrolled utilization of fossil fuels.
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Also, with the growing explosion of direct injection, harmful particulate matters
emissions from gasoline engines have increased to an alarming level. They contribute a major
portion of today’s air pollution, which causes serious health issues including mortality, chronic
bronchitis, respiratory tract infections, heart diseases etc. and global warming. Global warming is
supposed to be the biggest and the most devastating phenomenon the earth has ever felt, and its
consequences are too hazardousto imagine. Reason for this is greenhouse gases, which is an
essential by-product of most of the industry. The greenhouse gases(likecarbon dioxide, water
vapor, ozone, methane, nitrous oxide) are responsible to cause the greenhouse effect which leads
to global warming. The main sources of greenhouse gases are emissions from manufacturing
industries,transport vehicles, power plants, using conventional fuels like coal, petroleum etc.
Butwe have almost used up the existing reserves of coal, petroleum and the other natural
resources the earth contain within it. This alarming situation, where we reached is forcing us to
explore the new ways of getting energy. We are heavily dependent upon petroleum and its
products. We rely heavily on the natural resources to generate energy. But being exhaustible in
nature it is impossible to sustain, the supply of petroleum and coal are limited and will come to
an end one day, and then? So, we are in urgent need to find the possible solution,which will
supply energy in both inexhaustible and clean way. [3, 4, 5].The India renewable energy industry
is the fourth most appealing renewable energy market in the globe. Over the previous few years,
installed renewable energy generation. The Indian renewable energy industry is the fourth most
appealing renewable energy market in the globe. Over the previous few years, installed
renewable energy generation. The Indian renewable energy industry is the fourth most appealing
renewable energy market in the globe. Over the previous few years, installed renewable energy
generations capability has risen rapidly, posting a 19.78 percent CAGR between FY 14-18.
Renewable energy generation in India in April 2018-March 2019 reached 101.84 billion units in
FY 18 and 126.76 billion units. India ranked fifth in installed renewable energy capacity as of
October 2018. India was ranked second among developing markets in 2018 to lead to clean
energy transformation. As of April 2019, the complete installed capacity of the country’s
renewable energy interactive grid capability of 8.62 GW in FY19. The Government of India’s
Ministry of New and Renewable energy has developed an action plan to attain a complete
capability of 60GW of hydropower and 175 GW of other RES by march 2022, which involves
100 GW of Solar Power, 60 GW of wind power, 10 GW of biomass power and 5GW of small
hydropower. This has proved to be the industry’s biggest thrust in India as market players have
adequate in centuries to move to clean source. As of June 2018, India’s government aims to
attain 225 GW of renewable energy capability by 2022, well ahead of its 175 GW goal as set out
in the Paris agreement. In the 2019-20 interim budget, the Government of India allocated Rs.
3004.90 crore (US$ 416.48 million) to develop solar energy projects including both gridinteractive, off-grid and decentralized categories. Given that India is looking to satisfy its own
energy demand, anticipated to achieve 15,820 TWh by 2040, renewable energy is set to play an
significant role. By 2030, it is anticipated that renewable sources will help satisfy 40% of India’s
energy requirements. In2017, new clean energy investments in the nation exceeded US$11
billion. Clean energy investment in India achieved US$ 7.4 billion in the first half of 2018. A
complete FDI equity inflow of US$ 7.83 billion in FY19 was obtained by the nonconventional
energy industry. As due to depletions in Fossils fuel it may be concluded to move for alternative
fuels.
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New alternative fuels which are safer for the environment and humankind are the need of
hour.One such possible solution is biodiesel. It has dual advantage when it comes to combat with
the present situation. The present situation demands a type of fuel which is renewable as well as
clean. Biodiesel is a best candidate in that situation.
1.1

Biodiesel: An Alternative Fuel

Biofuels refers to a vegetable oilor animal fat-based fuel consisting of long-chain alkyl
(methyl, propyl or ethyl) esters. Biodiesel production is a modern technological area for
researchers, due to steep increase in the prices of petroleum and environmental advantages it has.
Biodiesel is produced from several oil seed crops (edible and non-edible) namely
rapeseed oil, cotton seed oil, rice bran oil, soybean oil, palm oil, jatropha seed oil etc., and
animal fats like animal tallow, beef tallow, waste lard, yellow grease etc. Waste cooking oils and
animal fats are favoured feed stocks for biodiesel production because they are way cheaper than
refined vegetable oils and are abundantly available.Animal fats with composition of methyl
esters have rich oxygen content,high cetane number and comparable heating values to diesel
fuel, thus it is preferred as a best alternative for biodiesel utilization. The distinguishing
advantages of this alternative fuel lies in its biodegradability,renewability and lesser polluting
exhaust gases.
Use of beef tallow to produce biodiesel will be economically advantageous as well as reduction
of environmental problems caused by harmful emissions and waste disposal.
Tom beer et al. [25] measures the expected pre-combustion and combustion emissions of
greenhouse gases from heavy vehicles using various alternative fuels. The fuels that were
examined included low sulphur diesel (LSD), compressed natural gas (CNG), ultra-low sulphur
diesel (ULS), liquefied petroleum gas (LPG), ethanol (from lignocellulose), biodiesel, liquefied
natural gas (LNG) and waste oil by using Life-cycle assessment method with the support of a
commercial LCA software package SimaPro. Biodiesel and ethanol had the lowest exbodied
(term used for full fuel cycle emissions) greenhouse gas emissions (in grams greenhouse gases
per kilometre travelled). Biodiesel reduces exbodied greenhouse gas emissions from 41% to 51%
whereas ethanol reduces emissions by 49–55%.
Over the previous two decades, the world has experienced an industrial evolution and faced a
severe issue of haphazard use of energy resources, which resulted in environmental degradation
and uncontrolled utilization of fossil fuels. Also, with the growing utilization of direct injection,
harmful particulate emissions from gasoline engines have increased to an alarming level. They
contribute a major portion of today’s air pollution, which causes serious health issues including
mortality, chronic bronchitis, respiratory tract infections, heart diseases etc. Thus, a key focus is
on considering the health effects of particles and their accumulated components. New alternative
fuels which are safer for the environment and humankind are the need of hour.
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M. Canakci and H. Sanli [28] in their work produced biodiesel from various feed stocks and
studied their effects on the fuel properties. Biodiesel is usually produced from food-grade
vegetable oils using transesterification process which are more expensive than diesel fuel.
Therefore, they believed that the main obstacle for commercialization of biodiesel is its high
cost. Since fuel properties mainly depends upon the feedstock properties hence to produce fuel
grade biodiesel, a study of characteristics of feedstock are very important during the initial
research and production stage. They then viewed various other alternative feedstocks such as
waste cooking oils, restaurant greases, soap stocks and animal fats as the potential feedstocks for
biodiesel production to lower the cost of biodiesel. However, for these feedstocks,
transesterification process could not be applied directly because of their high level of FFA. They
discovered that the cold flow properties of the biodiesel, especially produced from fats were
unsatisfactorily worse since they had high saturation level. However, they believed cold-flow
properties could be improved when branched-chain alcohols are used. Therefore, they worked on
the improvement of the cold-flow properties of the biodiesels produced from the low-cost
feedstocks.

1.2 PRODUCTION OF TALLOW BIODIESEL
In the presence of KOH as a catalyst, beef tallow was transformed into methyl esters by basecatalysed transesterification with methanol. The Beef Tallow biodiesel oil was procured from
planet industries in Delhi and Diesel was purchased from Local Indian Oil petrol pump. The oil
was first filtered using a filter paper to remove any sediments and impurities and then heated to
1000C for almost one hour to remove any moisture content present.
After this 500 g of oil, 100 g of methanol and 3 g of KOH (as a catalyst) were taken. The oil was
warmed continuously to 600C, a catalyst solution of methanol and KOH was prepared in a
separate beaker and added to the oil. The solution was stirred for around 40 minutes till the
glycerine layer deposited gradually. Mixture was left overnight to form two clear layers with
golden liquid ester layer on top and light brown glycerine layer at bottom. The solution was then
poured in the separating funnel for separation. Finally, Methyl Ester of beef tallow was purified with the
help of distilled hot water and then dried to room temperature. The biodiesel was held at 1000C for 15
minutes to remove any moisture content. An equation for the transesterification process can be statedas:
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1.3 FUEL PROPERTIES
The properties of diesel and beef biodiesel are shown in table [3.6]. Characteristics such
as density, volatility and viscosity are usually independent, and all of them exert a great impact
in procedures such as the injection of fuel and its preparation for the automatic ignition. The
density of the biodiesel is approximately 6.15% higher than that of diesel fuel also viscosity of
biodiesel is clearly higher than that of diesel fuel by 12.5%. The lower heating value is roughly
9.25% lower than that of diesel fuel. All this necessitates increase in the fuel quantity to be
injected into the combustion chamber to produce same amount of power. Fuels with flash point
above 52°C are regarded as safe. High flash point(163 C) biodiesel is there for eanincredibly
secure fuel for handling and storage. The oxygen content in fuel in biodiesel is 11-12%, which
improves combustion processes effectively [32,33,34].
Table3.6: Properties of Tallow biodiesel
PROPERTIES

DIESEL

TALLOWBIO
DIESEL

DENSITY @250C (kg/m3)

830

873.2

Specific heat capacity ( J/kg K)

2090

1774

Heating value (KJ/Kg)

42000

38350

Kinematic Viscosity @300C(mm2/s)

3.2

5.85

Latent heat (J/ kg)

277000

229327

Vaporization temperature (0C)

341

341

Boiling point (0C)

204

418.2

Volatile component fraction (%)

100

100

Binary diffusivity (m2/s)

3790000

7420000

Cetane Number

49

56

Flash Point (0C)

53

163
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Chemical Formula

C16H28

C53H102O6

Carbon content (% mass)

86.7

77.6

Hydrogen content (% mass)

12.8

12.7

Oxygen content (% mass)

-

11.35

2.EXPERIMENTAL SETUPS
2.1 VCR ENGINE TEST SETUP
The essential elements of setup are comprised of single cylinder, four stroke, VCR Diesel
engine connected to eddy current type dynamometer for loading. The compression ratio can be
altered without bringing the engine to a standstill and without changing the geometry of
combustion chamber, which is achieved by specially designed tilting cylinder blockarrangement.
Setup is fully equipped with necessary instruments required for combustion pressure and crankangle measurements. These signals are then sent to a computer through engine indicator for POPV diagrams and further calculations and inferences to be made. There is also provision for
interfacing airflow, fuel flow, temperatures and load measurement using rotameters. The setup
has a stand alone panel box composed of airbox, two mixing test fuel tanks,manometer,fuel
measuring unit,air and fuel flow measurement transmitters, process indicator and engine
indicator. For cooling water and calorimeter water flow measurement rotameters are also
installed in the setup. The setup enables study of VCR engine performance with EGR for
indicated power, frictional power, brake power, IMEP, BMEP, indicated thermal efficiency,
brake thermal efficiency,volumetric efficiency, Mechanical efficiency, A/F ratio, specific fuel
consumption, and heat balance. Labview based Engine Performance Analysis software package
“ICEngineSoft” is provided for on line performance evaluation. [29,30]
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Figure 2.1: Schematic Diagram
Table2.1: Specifications

Product
Engine
Dynamometer
Propeller shaft
Air box
Fuel tank
Calorimeter
EGR
Piezo sensor
Crank angle sensor
Digital millivoltmeter
Temperature sensor

VCR Engine test setup 1 cylinder, 4 stroke,
Dieselwith EGR (Computerized)
Make Kirloskar, Type 1 cylinder, 4 stroke Diesel,
water cooled, power 3.5 kW at 1500 rpm, stroke 110
mm, bore 87.5 mm. 661 cc, CR 17.5
Type eddy current, water cooled with loading unit
With universal joints
M S fabricated with orifice meter and manometer
Capacity 15 lit with glass fuel metering column
Type Pipe in pipe
Water cooled, ss 304, Range 0-15%
Range 5000 PSI, with low noise cable
Resolution 1 Deg, Speed 5500 RPM with TDC
pulse.
Range 0-200mV, panel mounted
Type RTD, PT100 and Thermocouple, Type K
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Temperature transmitter
Load indicator
Load sensor
Fuel flow transmitter
Air flow transmitter
Software
Rotameter
Pump
Overall dimensions
Optional

RTD PT100, Range 0–100oC,3 Nos; Thermocouple,
Range 0-1200 oC, 2 Nos
Digital, Range 0-50 Kg, Supply 230VAC
Load cell, type strain gauge, range 0-50 Kg
DP transmitter, Range 0-500 mm WC
Pressure transmitter, Range (-) 250 mm WC
“ICEngineSoft” Engine performance analysis
software
Engine cooling 40-400 LPH; Calorimeter 25-250
LPH
Type Monoblock
W 2000 x D 2500 x H 1500 mm
Computerized
Diesel
injection
pressure
measurement

Figure 2.2: Valve timing diagram of setup
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Figure 2.3: Engine setup
To study the performance of IC engine with diesel and biodiesel blends following
procedure was adopted. The steps followed were standard procedure to run the performance tests
over the experimental setup under proper supervision and safety measures.
2.2 PARAMETERS






Engine Details
ICEngine set up under test is Research Diesel having power 3.50 kW @ 1500 rpm which
is 1 Cylinder, four stroke, Constant Speed, Water Cooled, Diesel Engine, with Cylinder
Bore 87.50(mm), Stroke Length 110.00(mm), Connecting Rod length 234.00(mm),
Compression Ratio 17.50, Swept volume 661.45 (cc)
Combustion Parameters
Specific Gas Constant (kJ/kgK): 1.00, Air Density (kg/m3): 1.17, Adiabatic Index: 1.41,
Polytrophic Index: 1.41, Number of Cycles: 10, Cylinder Pressure Reference: 4,
Smoothing 2, TDC Reference: 0
Performance Parameters
Orifice Diameter (mm): 20.00, Orifice CoefficientOfDischarge: 0.60, Dynamometer Arm
Length (mm): 185, Fuel Pipe diameter (mm): 14.50, Ambient Temp. (Degree C): 27,
Pulses Per revolution: 360, Fuel Type: Diesel, Fuel Density (Kg/m 3): 830, Calorific
Value Of Fuel (KJ/kg) : 42000

3.RESULTS AND DISCUSSION
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The results obtained from experiment setup are being divided into two categories:




Combustion report
 Pressure V/s Crank Angle diagram.
 Pressure V/s Volume diagram.
 Instantaneous heat release V/s Crank Angle diagram
 Cumulative heat release V/s Crank angle diagram.
 Temperature V/s crank angle diagram.





Performance report
Specific fuel consumption
Brake thermal efficiency
Torque
Brake power

3.1 COMBUSTION CHARACTERSTICS
3.1.1In-cylinder Pressure Analysis
In a compression ignition engine, the burning of fuel fraction during premixed burning
phase determines the peak cylinder pressure i.e. pressure developed in initial stage of
combustion. The cylinder pressure will be determined by the ability of the fuel used to mix well
with air and combust. The cylinder pressure variation of diesel and biodiesel with 10%, 20% and
30% blending ratios with engine running at 1500 rpm are shown in Fig. 3.1. Biodiesel and its
blends follow the similar cylinder pressure pattern to that of diesel fuel during the experiment.

Figure 3.1: Pressure V/s Crank angle graph for experimental setup
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As seen from the figure, it is evident that the peak cylinder pressure is higher for diesel
fuel than biodiesel blends. The peak cylinder pressure of biodiesel blends is 45.65 bar (B10),
45.16 bar (B20), 43.80 bar (B30) and that of diesel fuel is 45.91 bar at high engine load and 1500
rpm. The differences in the values are approximately around 0.6%, 1.6 % and 4.6% for B10, B20
and B30 respectively.
The key factor in the combustion phenomenon in an IC engine is the ignition delay. It is
the time between the start of injection (SOI) of fuel into the combustion chamber and the start of
combustion (SOC) of the fuel. The ignition delay period of diesel fuel is longer as compared to
biodiesel and its blends because of lower Cetane number of Diesel. Although high viscosity of
fuel leads to poor atomization, slower mixing, increased penetration and reduced cone angle
which all results in a longer ignition delay. However, biodiesel is not derived from crude oil and
the opposite trend is seen for the case of biodiesel fuel and their blends. The biodiesel has
slightly higher viscosity and lower volatility than diesel fuel but still the ignition delay period is
less for biodiesel because a complex and rapid pre-flame chemical reaction takes place at high
temperatures. As a result of this, lighter compounds are produced, which might have ignited
earlier, leading to a shorter ignition delay period [35,36,37]. In addition, combustion begins early
for biodiesel partially owing to advanced injection timing because of a higher bulk modulus and
higher density of biodiesel as compared to diesel.
Forthedieselfuel,alongerignitiondelaypermittedmoreair/fuelpreparation,whichispreparedto
ignite,resultinginagreater premixedpeak. The combustion starts earlier for biodiesel blends as
compared to diesel fuel because of shorter ignition delay of biodiesel and hence the peak
cylinder pressure occurs few crank degrees prior for biodiesel blends than diesel. Although for
diesel fuel, ignition delay period is reduced as the load increases because of higher gas
temperature inside the combustion chamber with higher engine load. In the experiment
performed the ignition delay is not measured [38,39].

Figure 3.2: Pressure V/s Volume graph for experimental setup
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Figure 3.2 depicts the p-v diagram for diesel and biodiesel blends. As it can be seen in
the figure 3.2, the maximum area under the curve is enclosed by diesel fuel depicting maximum
work output for the operating conditions. In p-vcurve there are slight deviations during mid-stage
of compression and expansion stroke. Figure shows that there are insignificant changes for
different blending ratios. This shows that biodiesel’s lower heating value is compensated by
combustion related effects.
3.1.2 Rate of Pressure Rise

Figure 3.3: Rate of pressure rise V/s Crank angle graph for experimental setup
The rate of pressure rises variation of diesel, biodiesel 10%, 20% and 30% blends with
engine running at constant 1500 rpm at are shown in Fig. 3.3. The peak pressure rise for diesel
fuel is 2.23 bar/deg and that of biodiesel is 1.93.bar/deg (B10), 1.92 bar/deg (B20), 2.02 bar/deg
(B30) at full engine load. The peak pressure rise rate is higher for diesel fuel as combustion
process continues because the ignition delay of diesel fuel reduces with and it results in starting
of combustion before the TDC and thus heat releases rapidly during premixed burning.
3.1.3 HEAT RELEASE RATE
The heat release rate variation of diesel, biodiesel blends with 10%, 20% and 30%
blending ratios with engine running at constant 1500 rpm are shown in Fig. 4.4. It can be
observed there is a negative heat release in the beginning. The reason for negative heat is that the
chemical and physical processes that occur during the ignition delay period tend to be
endothermic also due to the accumulation of the fuel which results in vaporization, a
phenomenon in which heat is absorbed and thus results in negative heat release. Combustion
stages for both diesel and Biodiesel are identical. After the ignition delay period, fuel air mixture
burns rapidly in the premixed combustion stage followed by diffusion combustion stage and the
heat release becomes positive when auto ignition occurs. In this stage the burn rate is controlled
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by fuel–air mixing velocity. It can be observed that combustion starts earlier for biodiesel blends
due to shorter ignition delay.

Figure 3.4: Net heat release V/s Crank angle graph for experimental setup
The peak of heat release rate for diesel fuel is 21.93 J/deg, and that of biodiesel is 20.62
J/deg (B10), 21.21 J/deg (B20), and 18.63 J/deg (B30). The peak of heat release rate of diesel
fuel is slightly higher than those of biodiesel blends because of higher volatility and better
mixing of diesel fuel with air. Another reason could be longer ignition delay of diesel fuel, which
results in accumulation of large amount of fuel in the combustion chamber during the premixed
burning phase, leading to a higher peak of heat release rate.
However, the heat release during the late combustion phase for biodiesel blends is just
marginally lower than that of diesel. This is because the constituents with higher oxygen content
are sufficient to ensure complete combustion of the fuel that is left over during the main
combustion phase and last to burn in the later combustion phase.

3.1.4 CUMULATIVE HEAT RELEASE
The cumulative heat release rate variation of diesel and biodiesel blends are shown in
Fig. 3.5. The cumulative heat release rate of diesel fuel is 0.58 KJ and that of biodiesel is 0.56 KJ
(B10), 0.54 KJ (B20), 0.52 KJ (B30).
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Figure 3.5: Cumulative heat release rate V/s Crank angle graph for experimental setup
It can be observed that biodiesel blends release fuel energy earlier as compare to diesel
fuel. This is due to combustion of diesel starts later due to longer ignition delay period but
quickly it exceeds the cumulative heat release for biodiesel blends, depicting faster combustion
rate of diesel. The cumulative heat release rate does not deviate much from pure diesel during the
diffusion phase.

3.1.5 MEAN GAS TEMPERATURE

Figure 3.6: Mean gas temperature V/s Crank angle graph for experimental setup
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The Maximum gas temperature for diesel fuel is 900.21 °C and that of biodiesel blends
are 891.21 °C (B10), 882.5 °C (B20), 859.65 °C (B30). This indicates 1%, 2% and 4.4%
difference in values for biodiesel blends of B10, B20 and B30 respectively as compared with
Diesel. It can be observed that temperature of the air at the end of compression is sufficiently
high for the fuel droplet to vaporize and ignite as they enter the cylinder. The gas temperature is
higher during combustion stage in case of the diesel fuel and thus it results in higher pressure
during combustion phase.Fig. 3.6showsthe variation of mean gas temperature with respect to
crank angle for Diesel and biodiesel blends.

3.2 PERFORMANCE CHARACTERSTICS
3.2.1 SPECIFIC FUEL CONSUMPTION
Specific fuel consumption is the amount of fuel consumed by a vehicle for each unit of
power output. Figure (3.7) shows the SFC (kg/KWh) variation of the Diesel and biodiesel blends
with respect to load (kg) at engine speed of 1500 rpm. Biodiesel is an oxygenated fuel and its
addition resulted in different effects on the performance and the combustion at different engine
loads. Its addition was most effective at high engine loads resulting in rich combustion. At low
engine loads, the amount of fuel supplied to the engine was decreased, and the overall mixture
was further leaned out. Thus, the specific fuel consumption in general increases at low load,
decreases at medium load and increases again at higher loads.
The maximum specific fuel consumption for diesel fuel, B10, B20 and B30 are 0.70,
0.72, 0.73 and 0.75 kg/kWh respectively at low loads of the engine with percentage difference of
2.85 %, 4.28% and 7.14% for B10, B20 and B30 as compared to Diesel. The SFC values of the
biodiesel blends are marginally higher than those of diesel fuel under all range of engine loads.
This is because more biodiesel is required to produce the same amount of energy as diesel due to
its lower heating value in comparison with diesel fuel, which leads to high fuel consumption rate
and lower power. Also, as the density of biodiesel was higher than that of diesel fuel, the same
fuel consumption on volume basis resulted in higher SFC in case of biodiesel.

Figure 3.7: Specific fuel consumption V/s Load graph for experimental setup
469 J.C. Bose University of Science and Technology, YMCA, Faridabad

3.2.2 BRAKE THERMAL EFFICIENCY
Brake Thermal Efficiency (BTE) is defined as break power of a heat engine as a function
of the thermal input from fuel or in other words it is the ratio between the power output and the
energy introduced through fuel injection, which is the product of the flow rate of injected fuel
mass and the lower heating value .It is a measure to evaluate how well engine converts the heat
from a fuel to mechanical energy.
Comparison of BTE obtained for Biodiesel blends with Pure Diesel is shown in the figure
(3.8).It can be clearly observed that the BTE of Diesel is slightly greater than that of biodiesel
blends. And it decreases further as the blending ratio increases. The maximum BTE in terms of
percentage of diesel fuel is 20.97%, and those of biodiesel blends B10, B20 AND B30 are
20.77%, 20.34% and 19.99 % respectively. This is because biodiesel has higher density,
viscosity, and lower heating value in comparison to diesel fuel. The higher viscosity leads to
decreased atomization and fuel vaporization resulting in lower values of BTE of biodiesel. In
terms of percentage difference, we get 0.95%, 3% and 4.76% for B10, B20 and B30 respectively
as compared to Diesel.
It can also be observed that BTE initially increases with increase in the load, reaches to a
maximum value and then starts decreasing as load is increased further. The key reason is that
with increase in load the power output also increases until the maximum BTE is achieved, with
further increase in load heat losses also increases leading to decreasing value of BTE.

Figure 3.8: Brake thermal efficiency V/s Load graph for experimental setup

3.2.3 TORQUE
Figure (3.9) shows the engine torque values according to the load variations. The torque
values increase with increase in load due to increase in power output and the torque values for
Diesel is higher than for biodiesel blends for all load conditions. The maximum torque with
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diesel fuel was 27.67 Nm at high load of 14.7 kg whereas the torque values for biodiesel blends
B10, B20 and B30 are 26.67, 26.1 and 25.74 Nm respectively. The difference between maximum
torque values of Diesel and Biodiesel blends B10, B20 and B30 being 3.6%, 5.8% and 8%
respectively.

Torque v/s Load chart

TORQUE (Nm)

D100

B10

B20

B30

30
25
20
15
10
5
0
3.15

6.1

9.1
LOAD (Kg)

12

14.7

Figure 3.9: Torque v/s Load Chart for comparing diesel and biodiesel blends

3.2.4 BRAKE POWER
Brake Power is the difference of indicated power and friction power (power used to
overcome friction in engine operation). The variations in engine brake power values in relation
to the engine loads are displayed in Figure (3.10). The experimental brake power values when
operating with biodiesel blends were less than that of diesel value at all loading conditions and
decreased with increase in blending ratios. The maximum brake power of the diesel fuel
operation was 4.20 kW whereas It were 4.16 ,4.14 and 4.13 kW for biodiesel blends B10,B20
and B30 respectively at 14 kg load. The difference between maximum brake power values of
Biodiesel blends B10, B20 and B30 in comparison to diesel being 0.95%, 1.42% and 1.7%
respectively.
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Brake Power (Kw) v/s Load (kg)
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Figure 3.10: Brake power v/s Load Chart for comparing diesel and biodiesel blends

3.3 COMPARISON OF ENGINE PERFORMANCE PARAMETERS
The various engine performance parameters with their maximum values for Diesel and
biodiesel blends B10 , B20 and B30 are stated in the given table no. 3.1.
Table3.1: Comparison of maximum values of Engine performance parameters of diesel and
biodiesel blends
PARAMETERS

DIESEL

B10

B20

B30

INDICATED MEP (Bar)

8.48

8.30

7.84

7.55

BRAKE MEP (Bar)

5.12

5.08

5.06

5.03

FRICTION MEP (Bar)

3.36

3.22

2.78

2.52
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INDICATED POWER
(KW)

6.98

6.90

6.39

6.14

BRAKE POWER (KW)

4.20

4.16

4.14

4.13

FRICTION POWER
(KW)
INDICATED THERMAL
EFFICIENCY (%)
BRAKE THERMAL
EFFICIENCY (%)

2.78

2.64

2.25

2.01

35.97

33.04

31.67

29.87

20.97

20.77

20.34

19.99

FUEL FLOW (Kg/h)

1.64

1.79

1.84

1.89

SPECIFIC FUEL
CONSUMPTION
(Kg/KWh)

0.70

0.72

0.73

0.75

MECHANICAL EFF (%)

61.02

60.05

59.78

67.34

VOLUMETRIC EFF (%)

77.67

76.20

76.09

75.63

3.4 COST COMPARISON ON INDIAN PRICE BASIS
Cost calculations to produce 1KWh output energy are described below:
Cost of 1L diesel = Rs. 65
Cost of 1L tallow biodiesel = Rs. 60
Density of diesel = 830 kg/m3
Density of tallow biodiesel = 873 kg/m3
Cost of 1 Kg diesel = 1000/830 * 65 = Rs. 78.3
Cost of 1 Kg Biodiesel = 1000/873 * 60 = Rs. 68.7
Cost of 1 Kg biodiesel blend BXX = 0.XX *68.7 + (1-0.XX)*78.3
Difference in costs of using various biodiesel blends to produce 1 KWh is calculated as:
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PARAMETERS

DIESEL

B10

B20

B30

Specific fuel consumption
(Kg/KWh)

0.70

0.72

0.73

0.75

Cost of one kg fuel (Rs.)

78.3

69.66

70.62

71.58

Cost to produce 1 KWh energy

54.81

50.15

51.55

53.68

Difference in cost (Rs.) w.r.t diesel

-

4.66

3.26

1.13

Percentage difference (%)

-

8.50

5.94

2.06

Thus, using Tallow Biodiesel blends results in lower costs than diesel to produce 1 KWh
energy by almost 8.50%, 5.94% and 2.06% by using B10, B20 and B30 respectively.

4.0 CONSLUSION AND FUTURE SCOPE
In the present study, combustion and performance characteristics such as in-cylinder
pressure, temperature, heat release, brake power, fuel consumption etc. were calculated for
Tallow biodiesel blends and diesel fuel using experimental methods.
Based on the above analysis, the following major conclusions can be drawn:






The combustion starts earlier for biodiesel blends than for diesel. In-cylinder
pressure calculated by experiments for diesel was greater than biodiesel blends
by 0.6 – 4.6 % and the pressure decreased with increase in blending ratios.
The mean gas temperature, heat release rate, brake power and output torque were
higher for diesel fuel with maximum difference of 4.4%, 15.06%, 1.7% and 8%
respectively as compared to biodiesel blends and these values decreased with
increase in blending ratio.
Specific fuel consumption for Biodiesel blends was higher than diesel fuel due to
lower heating value of biodiesel by 2.85, 4.28 and 7.14% for B10, B20 and B30
respectively.
BTE for biodiesel blends was about 5 % lower for biodiesel blends as compared
to conventional Diesel fuel.

. The oxygen content in the biodiesel results in better combustion which leads to reduced
CO, HC and smoke emissions but higher NOx emissions. To achieve the same performance from
biodiesel blends as diesel fuel a higher amount of biodiesel needs to be injected. But the overall
costs to produce the same power as diesel reduces for Biodiesel blends. These results verify
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that tallow biodiesel could be used without any major engine modifications as an
alternative and environmentally friendly fuel.
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Abstract
The demand for fossil fuels is rising day by day so the petroleum reserves are depleting rapidly.
With rapid development going on around the world, it’s high time all of us must take a
preventive measure towards saving the resources for our future generations. Diesel Engines are
more popular as compared to Gasoline Engines due to their compatibility with many alternative
fuels, but major concerns of diesel engines are its oxides of nitrogen and smoke emissions.
Therefore, for several decades extensive research has been done to obtain an alternate fuel that is
equally efficient and eco-friendly. Hence, this paper is attempted to present a review on
performance of some important biodiesel fuels on diesel engines.

Keywords
Alternate Fuel, Biodiesel, Performance, Diesel Engine, Emission, Blend.

Introduction
The rapid growth in number of automobiles in recent years has resulted in great demand for
Petroleum products. With Oil reserves estimated to last only for a few years, researchers are
extensively searching for alternate fuels. This has made the diesel engine more favorable due to
its fuel lean operation. Many alternate fuels namely Alcohol and its derivatives have been
analyzed by researchers for being equally efficient and bio-degradable at the same time. Among
various alternate fuels tested, the most suitable fuel for diesel engine is Biodiesel.
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SOAR ANALYSIS
OF BIODIESEL
STRENGTH
Closeness to diesel
properties.
High miscibility
with diesel.
Reduced CO2
emissions.

OPPORTUNITY
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Number can give
better ignition.
More than 350 oil
bearing crops.

RESULTS
Obtain an alternative
to diesel.
Reduce the over
dependence on fossil
fuels.

ASPIRATION
To make it
suitable at lower
temperatures.
Avoid Clogging
in engine.

Fig.1. Soar Analysis of Biodiesel

Production of Biodiesel
It involves vegetable or animal fats and oils being reacted with short-chain alcohols. Generally,
methanol and ethanol are used because of their low molecular weight and ethanol being cost
effective as well. The vegetable oil molecules need to be broken down into simpler molecules so
they have a lower viscosity. This can be done by Pyrolysis, Transesterification and Dilution.
Among these, transesterification is the most commonly used process.

Experimental investigations on biodiesel fuels
With fossil fuels depleting at a rapid rate and price of petroleum taking a huge spike, the
research for biodiesel has been actively going on from the past decades. Along with this,
researchers are looking to reduce the levels of NOx and SOx released from the engines.

Table 1.Properties of Biodiesel
Type of Fuel

Calorific Value

Viscosity at

Cetane Number

(MJ/Kg)

40 °C

Diesel

43

3.522

Turpentine Oil

37.28

3.89

38

Fish Oil

40.54

4.45

47

Mustard Oil

40.4

5.53

56

Castor Oil

38.09

17.14

37

Jatropha Oil

40.79

4.52

55

47

Engine performance and emission behavior of diesel engines for different biodiesels has
been evaluated by various researchers all across the globe to conclude whether a biodiesel
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can replace an existing fuel or not. A detailed and brief review of different biodiesels is
presented in this.

2.1 Turpentine Oil
It is obtained by distillation of resin from pines. Turpentine is composed of terpenes with
lesser amounts of carene, camphene, dipentene, and terpinolene. The two primary uses of
turpentine in industry are as a solvent and as a source of materials for organic synthesis.
The compression ignition engine used for the study was KirloskarTV-I, single cylinder, four
stroke, constant speed, vertical,water cooled and direct injection diesel engine [1]. The
experiment was conducted for 100% diesel fuel, and then proportionate amount of
turpentine oil fuel (TPOF) was introduced. The different ratios were 50:50 DF/TPOF, 60:40
DF/TPOF, 70:30 DF/TPOF, 100% TPOF.
From the experiments, one can conclude that turpentine oil produces similar brake power as
conventional diesel fuel. Also, as we increase turpentine oil fuel blends, the exhaust
emissions reduces except CO2. In addition to this, no carbon deposits were found on
injector nozzle tips. It has also been observed that due to low Cetane number of turpentine
oil, it is not able to auto-ignite direct injection diesel engine [3].

2.2 Fish Oil
Fish Oilis obtained from the tissues of oily fish.It contains the omega-3 fatty acids
eicosapentaenoic acid and docosahexaenoic acid, precursors of certain eicosanoids that are
known to reduce inflammation in the body.
Fish Oil Methyl Ester (FOME) was used in the experimental tests with varied proportions
from 100%, 80%, 60%, 40% and 20% FOME blends with diesel. The tests are conducted on
a single cylinder, four stroke, naturally aspirated, air-cooled diesel engine coupled with an
electrical swinging field dynamometer [4]. According to experimental tests, the brake
thermal efficiency with these fuels is slightly lower than that obtained by diesel fuel. There
is conclusive evidence regarding the exhaust emissions as well. HC, CO and soot emissions
reduce as the amount of blend increases but concentration of NO x increases. Along with
this, FOME has better lubricating property than diesel.
In another experimental investigation, Ayatallah [5] studied the combustion characteristics
and emissions for a biodiesel fuel produced from waste fish oil (WFO) via ultrasonic and
transesterification method process. Experiments were conducted on a single-cylinder
variablecompression ratio (VCR) Ricardo E6 diesel engine. According to the experimental
tests, combustion was fast and rapid due to higher Cetane number of biodiesel as compared
to conventional diesel. Use of this biodiesel will reduce CO and UHC emissions but there
will be a rise in NOx emissions. In addition to this, the pure biodiesel had 2.92% more
thermal efficiency as compared to diesel fuel.
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2.3 Mustard Oil
Mustard plant belongs to the Brassicaceae plant family and this plant family is a very rich
source of many important biodiesel feedstock such as Brassica Alba L, Brassica napus L,
Camelina sativa L, Brassica carinata L, etc. Also, low quality mustard oil is not suitable for
edible products and can be used in biodiesel production so the cost involved will be on the
lower side.
An inline 4-cylinder, Mitsubishi, Pajero engine was used to evaluate performance and
emission of alltested fuels [7]. The test fuels chosen were 10% Mustard Biodiesel blends
with 90% Diesel fuel (MB10) and 20% Mustard Biodiesel blend with 80% Diesel fuel
(MB20). The results convey that the Brake Specific Fuel Consumption (BSFC) of MB10
and MB20 are 8.5% and 13.4% higher than diesel fuel. But, the engine power output of
MB10 and MB20 were 10.8% and 6.4% lesser than diesel fuel. Also, it was observed that
MB10 and MB20 produced 9% and 12% higher NO than diesel fuel.
In another experimental investigation, a single cylinder, four stroke, DI diesel engine was
usedin the experiments [8]. The different test fuels taken were 10% mustard oil 90% diesel
(M10), 20% mustard oil 80% diesel (M20), 30% mustard oil 70% diesel (M10), andpure
diesel fuel. Through the experimental observations, it was recorded that the ID Period (Time
between fuel injection and formation of first flame kernel in CI Engine) increased with
increasing biodiesel fraction. Along with this, with more biodiesel fraction, the CO emission
reduced dramatically but NO emission increased. Also, BSFC increased by 4.8% with
MB10 as compared to diesel fuel and smoke emission reduced by 32.9% with MB10 as
compared to diesel fuel.

2.4 Castor Seed Oil
Castor oil is a vegetable oil pressed from castor beans.Castor oil is a colorless to very pale
yellow liquid with a distinct taste and odor. Its boiling point is 313 °C (595 °F) and
its density is 961 kg/m3.Castor oil has variety of applications in food industries and used as
medicine and lubricants.
In an experimental investigation carried out by M. H. Shojaeefard [11], the engine used for
the study was an agricultural, four cylinder, four-stroke, water-cooled, direct injection diesel
engine. The test fuels taken were B5, B10, B15, B20 and B30 with the number representing
the % amount of castor seed oil blend in diesel fuel. It was observed that the power of B10
blend is recorded 0.3% more than pure diesel fuel whereas for other blends the power
reduces as compared to diesel blend. Also, the BFSC values for all biodiesel blends are
observed to be higher than pure diesel fuel.
In another experimental investigation,the study consists of single cylinder, four stroke, and
variable compression ratio (VCR) diesel engine connected to eddy current type
dynamometer [12]. The test fuels taken are B0, B05, B10 and B20. According to
observations, blend B10 has lowest fuel consumption among all others and highest brake
thermal efficiency that is 14.14% higher than that of B0.
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2.5 Jatropha Oil
Jatropha Curcas is the plant that is cultivated to extract Jatropha oil. The seeds are the
primary source from which the oil is extracted. Due to the toxicity of jatropha seeds, they
are not used by humans. Also, the oil content is 25-30% in seeds [13]. Jatropha oil can be
used as liquid fuel for lighting and cooking and oil expelled from seeds and filtered through
filter press can replace kerosene as well. The production process begins with
transesterification which gives us biodiesel as main product and glycerin as co-product.
After this, process of separation occurs in order to obtain pure biodiesel.
A Kirloskar make, single cylinder, air cooled, direct injection, DAF 8 model diesel engine
was selected for research work by Bhupendra Singh Chauhan [15]. The test fuel taken was
neat biodiesel and blends of biodiesel with pure diesel (5%, 10%, 20% and 30%). The
results obtained show that Jatropha biodiesel has higher Cetane index as compared to diesel
fuel. Also, the brake thermal efficiency of biodiesel was recorded lower than that of diesel.
But, brake specific fuel consumption of biodiesel and its blends were on the higher side
mainly due to relative fuel density and viscosity.
In another experimental investigation, Deepak Agarwal [16] used a naturally aspirated direct
injection diesel engine with 4 stroke, single cylinder, constant speed, water cooled. Owing to
the high viscosity of Jatropha Oil, it was modified before using it in diesel engine. The high
viscosity of biodiesel was reduced by heating it using waste heat of exhaust gases from the
engine and blending it with pure diesel. According to experimental investigations, it was
noted that the density, cloud point and pour point of Jatropha Oil is more than Diesel. Along
with this, the flash and fire points of Jatropha oil were quite high as compared to diesel. The
SOx emissions reduced owing to lower sulfur content in Jatropha oil. Also, it has been found
that heating Jatropha oil at 90-100 °C is enough to bring its viscosity close to that of diesel.

Results and Discussion
A review on different biodiesels presented in this papers aims to depict the nature and closeness
of these alternate fuels to the conventional diesel fuel. An analysis on engine performance and
exhaust emission was done for five different biodiesel fuels. Most of the above biodiesels can be
used without any modification to the engine or its components but previous research on alternate
fuel has conclusive evidence of formation of gum or wax in combustion chamber with use of
biodiesels. Hence, in order to eradicate this problem, we need to redesign the combustion
chamber and optimize the positions of the injector nozzle and valves. Also, biodiesel were used
in blends with pure diesel in order to obtain the most optimized proportion of biodiesel for all
our requirements.

Conclusions
The paper presents a great quantitative comparison between engine performances, exhaust
emission and combustion for different biodiesels compared with pure diesel fuel. It has been
acquired that biodiesel is a renewable, biodegradable and environment friendly fuel which will
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reduce HC and PM emission as compared to diesel fuel.
Also, biodiesel doesn’t contain much sulfur content, so concentration of SOx will reduce.
Although using biodiesels require little modification to the engine and its components but use
of more than 20% blend of biodiesel with pure diesel can be used without any modifications to
the engine. In a study conducted in literature, it was stated that the knock tendency is higher for
a fuel having lower Cetane Number. Hence, knock tendency of biodiesel is lesser as compared
to diesel fuel. Also, the ignition delay time is reduced for biodiesel fuels.
A major drawback with biodiesel is its high viscosity which leads to pumping and atomization
problems. Hence, it has to be lowered in order to be used in CI Engines. Another issue with use
of biodiesel blends is that its flash point is highly unreliable.
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Abstract
In this review, the preparation methods, characteristics and challenges in the use of the
commonly used additives in lubricants are discussed. Additives, in the form of micro or
nanoparticles are used in the base oil because the pure lubricants/ fluids are generally not
effective enough to meet the requirements. The additives improve the tribological and thermal
properties of the lubricants/fluids. Recent progress in the use of additives like Titanium dioxide,
Aluminium oxide, Zinc oxide, Copper and Copper oxide, Carbon nanotubes, Molybdenum
disulphide and Tungsten disulphide are analysed in this paper.

Keywords
additives, lubricants, tribology, wear, friction, heat

Introduction
A lubricant is generally produced from the blends of synthetic hydrocarbon or from mineral oils.
To improve their tribological performance, thermal properties and anti-oxidation capability a
small amount of additive is introduced in the base stock [1-3]. Additives are mainly categories as
friction and wear modifiers, antioxidants, rust inhibitors, antifoam agents, extreme pressure/loadcarrying compounds, viscosity index improvers, detergents, emulsifiers, and metal deactivators
[4]. Nanofluids are a new kind of fluid generally prepared by dispersing materials of nanometer
size (like nanoparticles, nanorods, nanotubes, nanowires, nanosheet, nanofibers, or droplets) in
the base stock [5]. These nanoparticles/nanofluids extend their application in improving the
energy efficiency in refrigeration system, diamond turning of the hard materials like SiC (Silicon
carbide) and in automobile industries [6-11]. Generally, the dispersion of some nanoparticles in
the liquid lubricants are not stable. Thus, Surface modification is conducive to make the
dispersion stable [12]. Shape and size of the nanoparticles additives play vital role in determining
the tribological characteristics of the nanolubricants. For example, load bearing capacity of the
spherical nanoparticles (fig.1) is high because it shows ball bearing effect [13][14].
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Fig.1. The effect of nanoparticle shape on the contact pressures upon loading [14].

Review of the existing literature
1.Titanium dioxide (TiO2)
TiO2 particles are synthesized by vaporising the Titanium (Ti) metal in vacuum chamber with
the help of high temperature arc. The vapor is then allowed to condense and form TiO2 additive
[15]. These particles are potentially unstable when added to pure oil. Thus, various methods have
been suggested by the researchers to prepare a stable and suitable solution. Kecheng et al. [16]
synthesized Oleic acid (OA) surface-capped lanthanum-doped titanium dioxide composite
nanoparticles (OA/La-TiO2) by sol-gel method and used oleic acid for surface modification. Gu
et al. [17] prepared TiO2 nanoparticles by homogeneous precipitation method in his experiment
and used urea as a precipitant. TiO2 nanoparticles have capability to enhance the load carrying
capacity as observed by Binu et al. [18]. They found that 0.01% of the TiO2 nanoparticles by
volume is capable of enhancing the load bearing capacity by 40%. Higher nanoparticle aggregate
packing ratio also improve the load carrying capacity of the journal bearing. Ilie et al. [19] using
a new process and technology developed a lubricant and added TiO2 nanoparticles in it. They
found that TiO2 particles are helpful in bringing down the friction and wear values. TiO2
particles reduce friction and wear by forming a uniform tribochemical film on the asperity
surface [20] [21]. Wu et al. [22] and Xia et al. [23] studied the TiO2 nanoparticles in water as a
base stock. They found that TiO2 nanoparticles are stable and dispersed well in water. And the
nanolubricant has lower coefficient of friction (COF) and better antiwear properties compared to
water without nanoparticles. It is due to the ball bearing effect and film formed by the
nanoparticles (fig. 2).

2.Aluminum oxide (Al2O3)
Al2O3 nanoparticles can be produced by microwave assisted chemical precipitation method [24].
Fig. 3 depicts a schematic of the steps involved in the preparation of Aluminum oxide powder.
Lee et al. [25] used two-step method to make Al2O3-water nanofluid. Initially, they mixed the
Al2O3 nanoparticles in water. After that they homogenised the mixture using ultrasonic
vibration. Ali et al. [26] synthesized γ-Al2O3 nanoparticles using modified sol-gel method. In a
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two-step method to synthesize oxide nanoparticles, Lee et al. [27] first prepared oxide
nanoparticles powder which is then blended into the base oil.

Fig. 2. Schematic diagram of the lubrication mechanism of the O/W based lubricant containing TiO2
nanoparticles [23].

Al2O3 particles are useful in increasing the thermal conductivity, load carrying capacity and
decreasing the wear, friction and surface roughness [28-30]. Radice et al. [31] observed 40-50%
decrement in the friction coefficient of a stainless-steel disc sliding against an alumina ball when
the Al2O3 nanoparticles were used in an acetate buffer solution. The volume fraction of these
additives also plays a key role in deciding their performance. Srinivasan et al. [32] observed that
3% volume fraction of nano-Al2O3 particles in glass fiber reinforced plastic (GFRP) shows
better wear resistance than 1% and 2% volume fraction of nano alumina. Khalil et al. [33] in his
paper studied the effect of Al2O3 nanolubricant with surfactant Sodium Dodecylbenzene
Sulfonate (SDBS) on tool wear during turning process of AISI 10150, mild steel bar with
minimum quantity lubricant. They observed that the lubricant with Al2O3 nanoparticles (with
surfactant) is helpful in the reduction of tool wear and durability of tool life and it also removes
the heat generated during turning operation. Nano-Al2O3 particles in the paraffin oil is more
effective than Nano diamond particles in reducing the surface roughness [29]. Addition of
surfactants like sodium dodecyl benzene sulfonate in Al2O3 (Aluminum oxide) nanolubricant
improves its properties for machining of the titanium alloys as studied by Tabesh et al. [34]. Luo
et al. [30] attributed the enhanced properties to the formation of the protective layer and change
of the sliding friction to rolling friction.
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Precursors –Metal chloride/
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Hydrolysis

Solution is mixed with
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Precipitation

Washed and dried

Powder
Fig. 3. Schematic diagram of preparation of aluminium oxide nanopowder [24]

However, few studies raise question on the performance of these particles. Jesda et al. [35] in his
study suggest that Al2O3 additives could increase the friction coefficient and when it comes to
load carrying capacity [36], they fall short to the TiO2 additives in synthetic lubricants.

3.ZnO (Zinc Oxide)
ZnO nanoparticles synthesized by an Alco thermal method [37] is shown in fig. 4.
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Fig. 4. SEM micrographs of the prepared ZnO
sample [37]

Fig. 5. COF vs nanoparticle concentration graph for ZnO [42]

To synthesize V litre of a sample, the amounts of ZnO nanoparticles can be calculated by
equation 1 [38].

mZnO  V  ZnO

(1)

where φ is the solid volume fraction, ρ is the density in kg/m3 and m is the mass in g.
Carrion et al. [39] prepared Polycarbonate (PC)/zinc oxide (ZnO) nanocomposites by milling and
injection molding. Nanolubricant prepared by adding ZnO nanoparticles in lubricant oil are nonNewtonian [40]. Sanes et al. [41] synthesized new dispersions of the ionic liquid (IL) 1-octyl-3methylimidazolium tetrafluoroborate ([OMIM]BF4) and ZnO nanoparticles in epoxy resin (RE).
They observed increment in the stiffness of the epoxy resin due to the addition of ZnO
nanoparticles. ZnO particles are found to be conducive in reducing the friction (fig. 5) and wear
[42][43]. They can be blended with a number of other substances to obtain the desired property.
Carrion et al. [44] blended Polycarbonate (PC)+0.5 wt.% ZnO nanocomposite with ionic liquid
(IL) 1-hexyl-3-methylimidazolium hexafluorophosphate in a 1.5 wt.% ratio to obtain
PC+0.5%ZnO+1.5%IL. They found that this new composite is more efficient in reducing the
friction and wear that that of the PC+0.5 wt.% ZnO. Surfactants like oleic acid is used to make
TiO2 particles stable and ensure its homogenous dispersion in base oil [42].

4. Copper/ Copper oxide
To prepare the CuO nanolubricant the copper oxide additive is weighed and then mixed with the
lubricating oil. Ultrasonic shaker or vibrator is used for proper mixing of the additive in the
lubricant. But generally, the additives are not stable. So, Liu et al [45] used
polyisobutylenebutadimide dispersant to disperse CuO nanoparticle additives homogeneously in
the lubricant oil. To hinder agglomeration and precipitation of the CuO additive Jatti et al [46]
adopted planetary ball mill method. Nano-copper and copper oxide additives are helpful in
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reducing the friction coefficient and wear, and increasing the anti-wear properties [47][48]. A
pin-on-disc tribometer or disc-on-disc tribotester is generally used to analyse the friction and
wear properties [46][49]. Ghaednia et al [50] found that 1.0% wt. and 2.0% wt. CuO
nanoparticles can bring down the coefficient of friction values by 14% and 23% respectively
(fig. 6). Zhang et al [51] extended their study to water-based lubricants with copper nanoparticles
as additive. They found that copper nanoparticles can increase the load carrying capacity of the
distilled water. however, water is inexpensive lubricant and has high cooling capacity, their
corrosive nature and low viscosity makes them unfit for tribological applications.

Fig. 6. Friction coefficient vs Load at different nanoparticle concentration [50]

The size, shape, concentration and hardness like specifications of the nanoparticles influence the
tribological properties of the base oil [52]. Zin et al [53] found that the copper nanoparticles with
130-nm mean diameter are most suitable in decreasing the friction coefficient. Copper
nanoparticles show better tribological characteristics at higher oil temperature as reported by Yu
et al [54].
Several mechanisms have been suggested by the researchers through which the copper and
copper oxide additives dissolved in the lubricants enhance the lubrication and tribological
properties like tribofilm formation on the friction surfaces [55], mending effect [45] and rolling
effect [56]. Scherge et al [57] has proposed three phases for the process of protective film
formation at metal surface. In phase I additives get absorbed on the surface to build polar
molecules and thus form a friction modifier film. Phase II and III are mechanochemical
processes combining redox reaction and a third body formation.

5. CNT/MWCNT
A carbon nanotube (CNT) is composed of a sheet of carbon atoms in a hexagonal matrix rolled
up into a seamless tube. These are of two types, single walled carbon nanotubes (SWCNT) and
multi-wall carbon nanotubes (MWCNT), where the latter is a coaxial assembly of SWCNT
cylinders [58]. CNT’s have been successfully employed in field of tribology to lower down the
friction values and enhance the wear resistance [59]. Research has proved that MWCNT’s are
excellent media to enhance the thermal conductivity of base fluid. Improvement in electrical,
thermal and mechanical properties of the base lubricant is attributed to the unique structure of the
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nanotubes [60-62]. Carbon nano tubes can be used in composites [63][64] and spray coating [65]
also.
The relation between viscosity and shear rate is used to determine the rheological behavior of
fluids. MWCNT-TiO2 (50%-50% ratio) and MWCNT-MgO (10-90%) mixed in engine oil
behave as non-Newtonian fluid. An increase in temperature augment this behavior [66][67].
However, SiO2-MWCNT blended in SAE40 engine oil exhibits Newtonian fluid behavior for
solid volume fractions between 0% to 1% (fig. 7) [68] and non-Newtonian behavior above 1%.
For example, 1.5% and 2% solid volume fraction (temperature range 25°C to 50°C) shows nonNewtonian behavior [69].

Fig. 7. Shear stress as a function of shear rate for SiO2-MWCNTs/SAE40 hybrid nanofluid at the solid
volume fraction of 1% at various temperatures [68]

In most of the researches, carbon nano tubes have been used with some other additive as a hybrid
additive. The reason being the better lubrication properties and heat conductivity coefficient of
the hybrid additives than pure nanotubes [70]. For instance, study by Çöl et al [71] has proved
that the carbon nanotube (CNT) and Si3N4 nanoparticle additives (0.05% CNT + 0.05% Si3N4
mass fraction) mixed in SAE 10W40 base oil can reduce friction coefficient and wear rate by
15.2% and 76.4%, respectively. The test was performed on AISI 4140 steel using ball on disc
tribometer. In another study, Mohamed et al [72] blended CNT additives in lithium grease. They
found that only 1% wt. of CNTs in lithium is capable of decreasing wear scar diameter (WSD)
by 63% (fig. 8) and friction by 81.5% (fig. 9). It’s also found to increase the load carrying
capacity by 52%.
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Fig. 8 WSD as a function of applied load with the
lubrication of lithium grease alone and that
containing 1 wt.% CNTs (four ball, 1200 rpm, and
30 min) [72]

Fig. 9 Friction coefficient as a function of applied
load with the lubrication of lithium grease alone
and that containing 1 wt.% CNTs (four ball, 1200
rpm, and 30 min) [72]

CNTs like other additives do not easily dissolve in any solvent. They generally have tendency to
agglomerate [73]. Researchers have used several techniques to tackle this problem. For example,
Pei et al [74] have prepared Polyacrylamide (PAM)-grafted multi-walled carbon nanotubes
(MWCNTs-g-PAM) which are dispersible in water by the surface initiated redox polymerization
of acrylamide using ceric ammonium nitrate (CAN) as initiator. They are soluble in polar
solvents such as water, tetrahydrofuran and acetone. Peng et al [75] functionalized the multiwalled carbon nanotubes (MWCNTs) by self-assembled surfactant layers after sonication in
anionic surfactant sodium dodecyl sulfate (SDS) aqueous solution (fig. 10). They observed that
the SDS-functionalized MWCNTs as additive in water-based lubricants are very stable without
reaggregation and precipitation. From their experiment they deduced that dispersion of MWCNT
in water also plays a crucial role in lowering the friction and wear values along with its special
structure and mechanical property.

Fig. 10. SEM and TEM image of the oxidized MWCNTs [75]

6. Molybdenum disulphide (MoS2)
MoS2 has a laminar structure. This laminar structure is built of strong S–Mo–S covalent bonds
inside layers and the weak van der Waals force between layers [76]. However, mostly Mos2
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nanoparticles have agglomeration tendency due to their weak dispersion property thus they need
dispersants to surmount this problem [77].
Shen et al [78] have prepared Molybdenum disulphide additive by first ball milling the MoS2
powder for 48 hours and then adding this dry milled MoS2 powder to canola oil with 1:1.5 ratio
by weight. They ball milled this mixture again for 48 hours. Hu et al [79] studied two type of
MoS2 particles- closed layered MoS2 nano-balls and the opened layered MoS2 nano-slices as an
additive in polyoxymethylene (POM). They found that closed structure and chemical inertness
like qualities of the MoS2 nano-ball makes it an excellent lubricant when added in
polyoxymethylene. Whereas, MoS2 nano-slices are improper for lubrication purpose. Inorganic
fullerene like (IF) nanoparticles (IF-MoS2) in lubricants are not only helpful in reducing the
wear and friction but are also non-toxic, environment friendly and good from health and safety
point of view [80][81].

Fig. 11. HRTEM micrographs of IF-MoS2. Notice the onion-like structure of the hollow nanoparticles [76].

Verma et al [82] prepared MoS2-Triglycerides-Phospholipids, a novel environment friendly
active additive. It is capable of forming tribofilm on the asperities of the sliding surfaces and thus
help to reduce the friction and wear. MoS2 based nanofluids enhance the heat transfer coefficient
due to Brownian motion and nanoparticle migration. This increase in thermal conductivity and
heat transfer coefficient, thus, increases the heat dissipation capacity of nanofluids [83-85].

7. Tungsten disulfide (WS2)
WS2 particles are mostly used as a solid lubricant for the applications where the use of liquid
lubricants is inadequate or impractical. Fullerene like (IF)- WS2 can be synthesized by using an
easy and inexpensive technique suggested by Yang et al [86]. They first prepared WO3 (tungsten
trioxide) nanoparticles and then allowed it to react with sulfur powder in proper atmosphere and
working condition to further prepare the WS2 nanoparticles.
Wu et al [4] prepared molybdenum disulfide (MoS2) and tungsten disulfide (WS2) quantum dots
(QDs) and mixed them in the polyalkylene glycol (PAG) base oil. They have found that addition
of these particles into the base oil could significantly enhance the anti-wear and friction
reduction qualities of the base oil for steel/steel contact surfaces at higher temperatures. Addition
of even a small amount of inorganic fullerene like (IF)-WS2 nanoparticles in the oil can decrease
the wear and coefficient of friction remarkably and increase the load bearing capacity of the
friction pairs [87-90]. Rapoport et al [91] have extended their research to hollow nanoparticles
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(HNs) and have found that the as prepared HN-WS2 particles have excellent anti-wear and antifriction properties. The enhanced performance of the hollow WS2 nanoparticles can be attributed
to the three effects [92]-(I) conversion of the sliding friction to rolling friction, (II) elimination of
the asperities contact between the two mating metal surfaces by serving as a spacer and (III) third
body material transfer.
Under severe contact conditions when the gap between the contact surfaces is smaller than the
size of the nanoparticles, there is no effect of the nanoparticles on the friction force. However,
when this gap is more than the size of the nanoparticles then these IF particles play their role and
enhance the tribological performances drastically under severe contact condition [93]. These
particles also have outstanding shock-absorbing characteristics [94]. WS2 nanoparticles have
tendency of agglomeration [95]. To stop the tendency of agglomeration and increase the stability
and dispersion of the fullerene-like (IF) -WS2, its surface can be coated with alkyl-silane [96].
This chemical modification improves the tribological behavior of the IF-WS2.

Conclusion
In this review paper some commonly used additives, their properties, characteristics and
synthesis methods are discussed. Additives in the form of micro and nanoparticles are widely
used to enhance the tribological performances like reducing wear, friction, and improving
lubrication properties of the base stock. These are found to be equally conducive in ameliorating
thermal characteristics. From the literature its quite evident that almost every additive is helpful
in reducing friction and wear when utilized at optimal concentration. Moreover, additives have
some additional major properties that encourages their use. For example, TiO2 and Copper
particle increases load carrying capacity, and Al2O3, CNT/MWCNT, Copper/ Copper Oxide,
MoS2 improve the thermal properties of base oil or fluid. Optimal composition of these additives
is necessary to be considered when using them for various applications.
Although, additives have found a variety of application, there are still some challenges that are
hindering its commercialization. Additives like diamond are expensive to use. Agglomeration
and stability are still a challenge. Furthermore, their impact on environment, safety and health
related aspects invites more research.
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Abstract: Research has demonstrated that healthcare information technology can possibly
lessen errors and the odds of the occurrence of an adverse event and enabled simpler access to
the resources of healthcare. Simultaneously, this pattern offered to meet the high expectations of
people identified with the usage of these new technologies. The software utilized in medical
services can be delegated as medical devices relying upon their functional attributes and the
manner in which they are utilized. This paper presents a review of the manner in which
healthcare delivery can be improved by the use of agile technology along with the machine
learning techniques.

Keywords: Agile product development, machine learning, the healthcare sector, Automation
testing, Ranorex studio, python
1. Introduction
Enhanced health care system is made possible with the advent of innovative techniques
comprising of Smart Health. It means the innovation of the health sector through digitization.
This leads to wide possibilities of an effective home-based, self-reliant health care system. With
an innovative Product-Service-System (PSS), patients can obtain high-end service with better
access, affordability. This study is also about the significant role of extreme programming in the
methods employed for providing agile machine learning in the case of implementation of data
analytics in the healthcare industry [1]. In this introduction will give an idea about the
application of software engineering methods along with specifying the criteria required for
developing exploratory research focusing on the modeling and remodeling of software processes
with formal methods and simulating it before the execution or implementation by achieving the
optimized version of the process. Considering the challenge, there are approaches that can
integrate agile development methodologies into the engineering process to implement in the
data-driven health care system. These focus on various aspects of agile development and
implementation. Agile methods focus often only on digital products and neglect the high degree
of complexity of PSS based on the complexity of the systems. Besides that, the classical
approaches are too systematic and stiff to react on fast leading changes required to be made that
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caused by the concentrated market.
The social insurance commercial center has turned out to be expanding aggressive and complex,
and it gets increasingly unpredictable constantly. By gathering the information that is arriving,
the advances in the market can enable you to settle on educated choices prompting improved
quality in social insurance. Associations are getting adequate information that encourages them
to comprehend about the patient's requirement [1].
Smart health underlines this and prompts extraordinary possibilities in the event of locally
situated, self-guided physical recovery. In this paper, we presented an innovative idea for a
locally situated, self-guided physical recovery and a structure for coordinated advancement of
creative Product-Service-Systems. We accomplished a few results, including a consistently
expanding requirement for physical restoration, prompts the capability of adding new advances
to existent physical recovery frameworks to empower locally situated, self-guided physical
recovery, an innovative idea structures the incalculable conceivable outcomes and can motivate
engineers to make new thoughts for physical recovery and current methodologies from the field
of traditional item, PSS-and deft advancement is not reasonable for a market situated, spry
improvement of PSS, in light of existing complex frameworks.
2. Software process development
Various scholars in the field of software engineering have suggested that there does not exists a
specific software development process that is fit for all of the settings of software
development[5]. This being the situation, some measure of adapting the procedure [6], is
required so as to render a procedure appropriate to its condition. A wide range of processes have
been proposed for software development, each asserting to offer something extraordinary or new
that speaks to an improvement to its precursors, and in many situations new software process
techniques do portray the potential for headway (however doubtlessly not every single new
offering bestow certified originality, maybe simply new labels for prior procedure ideas). The
process of software development, sometimes shortened as software process, exists as a
theoretical idea since the mid-1960s. Recently, the community of agile software development
has preferred the word method for the identification of software process or its aspects, however,
it has been viewed by one of the founding father of agile that the words methodology and
method ought to be supplanted by the term agile software development ecosystems [6].

2.1Agile methods
The trends like digitization, globalization, and technological advancement lead to progressively
complicated, unpredictable and dynamic conditions for the development of products. These
variations require an expanded reactivity and flexibility of the engineers as well as their
development teams [8]. These conditions are handled in software development by utilizing
techniques of agile development. As per Böhmer et al. (2015) "agility is defined as the capacity
to respond, and adjust to the unexpected and expected changes inside a dynamic situation
continually and rapidly, and to utilize those variations as an advantage". This capability is vital
to surviving due to consistently evolving conditions [10]. As indicated by the Agile Manifesto,
documentation has a minor need in agile development. Hence, agile techniques accompany their
very own type of documentation or are skeptic to the particular implementation.
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The agile methodology is causing a buzz in the community of software development. Agile
techniques are responses to customary methods for software development and recognizing the
"requirement for an option to documentation driven, a heavyweight process of software
development"[11]. In implementing the conventional strategies, work starts with the elicitation
and documentation of a "total" set of necessities, trailed by engineering and design,
improvement, and investigation. During the initial period of the 1990s, a few experts found these
initial steps in software development frustrating and impossible [13]. The industry along with the
innovation is moving too fast and the clients are not being able to state their requirements
appropriately while simultaneously expecting a lot more from the software. Subsequently, a few
experts have freely created techniques and practices as a response to the inescapable change they
were encountering. These Agile strategies are a combination of various methods (or practices)
that offer similar qualities and fundamental standards [12].Many agile models like Adaptive
software development (ASD), Lean software development (LSD), Dynamic system development
method (DSDM), Extreme programming (XP), Kanban, Scrum, Feature-driven development
(FDD), are available. The most extensively utilized agile models are XP and Scrum specifically
for projects at smaller scales.
2.1.1Methodology - Extreme Programming (XP)
The XP life cycle comprises of five phases: Exploration, Planning, Iterations to Release, Product
ionizing, Maintenance and Death. Extreme programming (XP) is a method of agile software
development created by Kent Beck in 1996. It is a lightweight, adaptable and generally safe
methodology of developing software with the capacity to oversee quickly evolving necessities. It
is viewed as increasingly appropriate for smaller and medium-sized groups. XP is an
accumulation of qualities, standards and practices that are applied in a specified manner [14]. XP
highlight particularly on consumer loyalty. The defects near its origin are dealt with by the quick
feedback. Lower rate of defect decreases the development cost and results in an increasingly
adequate end product at a lower cost [16].
McHugh et al., (2014) presented the evaluation of software development for a medical device of
an organization situated in Ireland, which was considering moving towards the agile software
process development methods. This incorporated the performing of a Home-Ground Analysis to
decide the agility of the organization. On completing the Home Ground Analysis suggestions
were given to the organization with respect to how they could tailor their current structure to
more readily oblige the techniques of agile development. Various investigations can be found in
literature pointing out the adoption of XP when developing software for medical devices [18,
19]. These investigations are proof of the medical organizations moving away from the
utilization of customary development procedures towards the processes of agile development. In
addition, these investigations show how the origin of such software is as of late giving more
consideration to the consistency procedure with regulatory necessities.

3 Machine Learning
The concept of machine learning is to give the computers the capability to learn without being
programmed that’s why it makes similar to humans. The projects of machine learning are
increasingly being developed by Agile Methods. The method of learning depends upon the data
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such as supervised learning/unsupervised learning. In supervised learning we have both input
and output and in unsupervised learning we have only input.

3.1Supervised learning/ unsupervised learning
It is observed in the literature that utilizing an agile technique is an extremely repetitive task and
requirements appropriate evaluation because of its variability features. Thus, there is a need for
the development of suitable estimation strategies for the development of an agile software
process. The story point approach is considered by a few scholars and utilized for an efficient
software estimation of utilizing agile techniques [20]. Contingent upon whether to include the
results, algorithms of machine learning can be bifurcated into two noteworthy classifications:
supervised and unsupervised learning. Unsupervised learning is outstanding for extracting the
features and supervised learning is appropriate for predictive modeling by means of developing
relationships between the traits of the patient (input) and the result of interest (as the output)[21].

3.2Automation testing- Ranorex studio
Automation testing verifies the software by initializing, executing and delivering results. In
testing of software, automation is utilized in comparing the actual and the predicted outcomes
and it is unique software for controlling the test execution to run quickly and periodically. In
automation, the test cases are constantly generated and can be added to existing automation
parallel to the software development [26]. Ranorex is a testing tool and system. It is for the most
part utilized for GUI testing for windows that additionally supports applications based on mobile
and web. Ranorex gives a set of experiments, wherein the SUT functions provide extra capability
in creating an effective regression test. It utilizes programming languages like VB.NET and C#
as a foundation. The distinct features of Ranorex is its capability for packaging the test case into
an EXE file making it simpler for integrating and activating. It allows the quick generation of an
executable
file
also
reviewing
the
outcomes
in
a
different
report.
3.3Machine learning algorithm
As of late AI systems have revolutionized the healthcare sector, additionally fuelling a
discussion if the human doctors will be replaced by the AI doctors in future. But practically it not
possible for the replacement of the doctors by machines but the AI can help doctors to make
better clinical choices or even supplant human judgment in certain practical zones of healthcare
like radiology. The expanding accessibility of medicinal services information and the extensive
development of big data analytic techniques have made effective uses of AI in healthcare.
Guided by applicable clinical inquiries, powerful ML methods can be utilized in unlocking the
clinically important data covered up in the huge measure of information, which thus can help in
making decisions [22].

3.4 Machine learning tool-python
The Python programming language is setting up itself as one of the most mainstream mediums
for scientific computation. On account of its high-level intuitive nature and its developing
environment of scientific libraries, it is an engaging decision for algorithmic improvement and
experimental analysis of data [25]. However, as a universally useful language, it is progressively
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utilized by the industries as well as academicians. For researchers with the knowledge of
programming, there are a number of languages that are especially appropriate for manipulating
the data and extracting the features. Python is considered by numerous individuals to be a
valuable language for these reasons. Specifically, engineering the temporal features or the
features dependent on the context is simpler in Python than in Google Sheets or excels [24].

4 Simulations
Simulation is used in various ways by different people. It is defined as process of creating a
model of an existing and planned system in order to identify and understand those factors that
control the system and forecast the behavior of system. It has been used in several areas such as
Biology, Engineering, and social science. In software process simulation is used to detect weaker
point in the process of agile development.

4.1 Software process simulation (SPS)
SPS is progressively becoming prominent in the community of software engineering. Simulation
can give exceptionally valuable data about the weaker points and the bottlenecks in the process
of agile development. Developing a simulation model is a moderately reasonable method for
data collection contrasted with exploring different avenues regarding real software projects in
light of the fact that the complexity and the risks of the framework are exceptionally high[27]. A
model is abstracting the conceptual or real complex framework. The model is intended to show
highlights and attributes of the framework, which one aims at studying in predicting, modifying
or controlling. Subsequently, a model incorporates a few parts of the framework being
developed. The simulation model is an automated model that has the qualities depicted above
and that portrays some unique phenomena or system. One of the primary inspirations for
building up a simulation model or utilizing some other technique of modeling is that it is an
economical method to increase knowledge when the logistics, costs, and risks of system
manipulation are restrictive. The simulations are commonly utilized while modeling system
complexity.

4.2Agile Process Simulation
Healthcare sector is a specific field of delivering services comprising of various exercises,
demands of whom are extremely unpredictable and variable. Consequently, the approach of
Agile Process Simulation has of late been proposed as a way to improve the services of
healthcare delivery. In spite of this vision, explicit administration strategies and practices have
not yet been introduced for the services including health assistance [28]. Additionally, the
relative viability of agile practices is not known, while hypothetical ideas Agile Manufacturing
appear to be appropriate to improve the performance of the healthcare organizations. The
simulation of Healthcare can be extended out ahead of the customary job of contrasting
situations or imagining work processes. The simulation model could be included as a segment to
screen and improve execution along with increasing the effectiveness. The simulation model is
not only designed for conducting experiments but also for running the organizations’ data
frameworks. This helps in studying the framework of the system in a longitudinal way for
providing suggestions on the changes and adaptations as the framework works and information
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are dynamically gathered. The merits of simulation can be used after the complete integration of
the models into the current data framework applications which aid the everyday activity of the
healthcare provider [30].
Basically, the vision is not to regard recreation as an apparatus for leading a one-time set of
investigations when a significant change is arranged but ensure the models of simulation keep
running in parallel to different applications as a standard piece of the regular workplace. With
this methodology, healthcare proficiency turns into a progressing objective and the future may
require demands that considerably tougher. Besides, with the quickly changing factors of the
healthcare framework (innovation, account, arrangement, administration requests, market and
demands), the effectiveness of healthcare has become to a greater extent a moving goal that
should be intermittently retargeted and re-tended to. Rising up out of past cynics and limitations
towards simulation currently, healthcare is demonstrating greater development and the need for
simulation to assume an important job in resolving the challenges of healthcare. In addition, the
current monetary circumstances, shift in the policies, and healthcare delivery environment are
ready for the systematization of simulation as a standard device supporting the control of
medical service delivery [29].

Figure 1 the analysis of Machine learning yearly by yearly in health care data

5. An AI-Powered Agile Project Assistant
In AI powered agile project assistant the artificial intelligence is used to expand the agile project
management. The tools based on Artificial Intelligence generates large amount of data from
software project, and educate to execute difficult tasks such as estimating the effort, management
of resource and many more. The Figure 2 represents the planning of the architecture of Artificial
Intelligence powered agile project management. The component of artificial intelligence systems
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are:

Planning engine

Optimization engine

Analytics engine
These machineries depend on Representation learning engine to study and generate
representation of project data.

Representation learning engine
In Agile projects this engine contains both data Structured as well as unstructured. The
representation learning engine has various components such as NLP, Code Modeling, and
Feature Extraction and aggregation. The NLP component perform automatic analysis on project
textual artifacts and generates good representation of those artifacts .The code modeling
component is answerable for studying meaningful vector representation that reflect the semantic
and syntactic structure of source code. The Feature extraction and Aggregation component is
related to developer that extract all the vector representation of the artifact related to a developer.

Analytics engine
The Analytics engine goals to provide decision support in the following phase.

Descriptive analysis

Predictive analysis

Prescriptive analysis

Descriptive analysis
This is first level of analytics in agile project management tool such as data visualization via
reports, dashboard and scorecards. Knowing what happened, why something happen that type of
question tries to answer in this. Example such as current blood pressure, temperature

Predictive analysis
This is advanced level of analytics tool and their challenges areas are effort estimation and risk
prediction. Machine learning techniques are used to build prediction models. It describes an
answer from the question WHAT WILL HAPPEN and the methods used are data mining,
machine learning and other statistical. Example-Forecast of patient health status.

Prescriptive analysis
This is most advanced level of analytics tool that is divided into two subgroups –decision support
and decision automation. In this analysis we try to find an answer to the question ‘How do we do
it in order to achieve the goal’. Example Physical movement of patient body in order to achieve
best result
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Figure 2 Architecture of Artificial Intelligence powered agile project management

Conversational Dialog Engine
This engine act as interface between the user and remaining part of AI system It can answer
different type of question when communication with users such as ‘Show me your estimate of
user story’ or ‘can you help split this user story’. It takes input and requests, and pass to relevant
engine.

6. Literature Review
In literature review agile software development with machine learning in our research. The
literature review helps in to identify objective of the paper, describe any gaps or drawback. The
agile methodology was developed in 1990 and the technique of agile software development is
Extreme programming, Scrum, Adaptive software development. This examination revealed that
Scrum and XP had contrasting as well as common features. Some of differentiating highlights
supplement each other that urge scientists to explore different avenues combining Scrum and XP
for developing software. The area of agile software development has been explored it decrease
the development time and defect rates and improve customer satisfaction
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Sr. No

Name of the paper,
Author name,
Year

Objective of the
paper

Conclusion of
the paper

Future
Research

1

Mapping the progress in
agile
product
development: A multicase
study.
In
Proceedings
of
the
Design
Society:
International Conference
on Engineering Design,
Schmidt,
T.
S.,
Behrenbeck,2019

The objective of
this paper is to
derive strategies
with agile into
the
innovation
and
product
development
process in order
to increase the
innovation
capability.

In conclusion
the
program
increase
the
failure capacity
and encourage
willing
to
change
in
organization
into an agile
innovation
system

0002

Framework for the agile
development
of
innovative
ProductService-Systems
for
existing
physical
rehabilitation
systems,
Laban
Asmar,Martin
Rabe, 2018

The objective of
the paper is to
build
a
framework using
agile methods to
integrate
the
patient on an
early stage. It
includes
four
phases
plan,
build,
and
measure
and
learns.

The conclusion
of the paper is
enable
home
based,
selfmanaged
physical
rehabilitation
by adding new
technologies to
existent
physical
rehabilitation
and create new
ideas
for
physical
rehabilitation.

The
agile
product
development
is organized
around the
team and its
activities
that
make
traditional
matrix
management
difficult. In
future
it
allocates
more
resources so
that
developers
and
users
constantly
interact
Apart from
the
integration
of product
service
concept, that
cannot
integration
of Software
engineering
method into
other phase.
Its
works
only
for
startup
company. In
future
it
works
for

510 J.C. Bose University of Science and Technology, YMCA, Faridabad

3

Artificial intelligence in
healthcare: past, present
and future, Jiang, F.,
Jiang, Y., Zhi, H.,
Dong,2017

The aim of this
paper is to detect
three major areas
(detection,
diagnosis,
prediction
and
prognosis
evaluation

4

How Healthcare Can
Refocus on Its SuperCustomers(Patients,
n
=1)
and
Customers
(Doctors and Nurses)by
Leveraging Lessons from
Amazon,
Uber,
and
Watson,
Evelyne
Kolker,1
Vural
O¨
zdemir,2016

The aim of this
paper
is
to
provide
healthcare
to
customers from
doctors
and
nurses in uber,
Amazon
and
offer
superior
quality service
for
super
customers

5

Agile
Model-Driven
Engineering
in
Mechatronic Systems, U.
Eliasson, R. Heldal,2014

The aim of this
paper is to create
fast feedback and
providing critical
knowledge early
in the project

The
artificial
intelligence is
divided
into
two
typeMachine
learning,
Natural
language
processing the
machine
learning
component
handling
structure data.
The healthcare
in
artificial
intelligence can
focus
on
several patients,
n=1 around the
country
and
address the key
needs, pain and
health issues.

It
develops
software
for
complex
mechatronics
system
by
successful
combining
model driven
engineering and
agile methods.

others
company
The
drawback is
that
Artificial
system has
to be trained
from clinical
studies. In
future
it
provides
incentives
on sharing
data
and
system.
The
drawback of
this paper is
it can work
only normal
disease such
as
pain,
headache. In
future it can
work
on
major
disease such
as
cancer,
thyroid and
many more.
This paper
work only
one part of
automation
testing
in
future it can
work further
parts
of
testing and
reach
continuous
integration
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6

Agile Design Methods
for Mechatronics System
Integration,
Matthieu
Bricogne,
Nadège
Troussier,2013

In this paper the
advantage
of
agile
design
methods
are
presented
for
multidisciplinary
system
integration

In this paper
project actors
support
for
new managing
methods
like
agility design
methods

7

Healthcare
Simulation
and its Potential Areas
and
Future
Trends,
Joseph Barjis,2011

These
paper
focuses
on
human
health
because waiting
time has been
increasing
for
healthcare
services
to
remove
that
problem include
healthcare
simulation.

The conclusion
of this paper is
to
provide
services
for
healthcare
delivery,
patients
and
planning with
the help of
healthcare
in
simulation.

In this paper
the
framework
based
on
engineering
action
management
and in future
they work
on
other
framework
The
drawback of
this paper is
accuracy it
takes limited
input data
and delivers
incorrect
output.
In
future
it
works

7. Conclusion
The health sector is influence by ongoing trend of digitization. The meaning of Smart Health
means great potentials in case of home based, self-managed physical rehabilitation. It works on
several diseases such as pneumonia, cancer, diabetics, thyroid, cardiology, lung cancer. Adopting
agile methods helps in accomplishing better execution as far as reduction in the time expected to
perform crucial activities, decreasing the congestion in these procedures. Hence from the
technological aspect, the encoding of agile factors could be the subject of developing a model
which in real-time provides a considerable improvement in the healthcare delivery. In AI
Powered Agile project management plan to evaluate it using our data sets of open source projects
and also concerned with industry partner that perform an evaluation on commercial software
agile projects. Artificial Intelligence can serve better accelerator for agile teams. In future it will
work on Aggressive cancer feed off the brain nerves
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Abstract
Three dimensional printing or Fused diposition modelling or specially fused filament fabrication
is being used for desktop scale prototyping and customization of application oriented
parts.Nowdays multicolor and multi material 3D printing is on demand for better visualization ,
communication and for building some complex hanging parts. But multi-material three
dimensional printing is quiet a difficult task as it complexes the feeding mechanism and
increases the size and weight of the extruder which effects the printing size and printing speed
of the 3d printer. In present work an extruder with multi filament feeding mechanism is proposed
which is capable of feeding filament in switching mode by moving the extruder head at the
home position. The proposed objective enables printing with different colors and materials
without stopping the operational process while changing the filaments.The major advantage of
proposed objective is that light weight cold end extruder is driven by only one motor and fused
filament extruded through only single nozzle. By providing mechanism that locks in two
positions engaging and disengaging of filament can be faciliated.

Keywords
Three dimensional printing , Fused diposition modelling, Fused filament fabricaton, Multi
material 3D printing, Cold end extruder, Filament feed mechanism.

Introduction
Fused Diposition Modeling or 3d printing is the process of adding material layer upon layer in
order to built an desired 3dimensional object according to the cad design provided to the 3d
printer. It is an additive manufacturing technique which means that objects are built by addition
of material in calculated and precise manner according to the geometrical coordinates of the
CAD design. During the process thermoplastic extruder is used to deposit tiny beads (or strings)
of plastic to draw a picture as it is moved over the build surface. The ability to print a 3D object
from a digital file is a break-through technology. Three-dimensional printing technology has
shown a rapid growth in the last few years. The principle of 3D printing is to bond materials in
layers to create a three-dimensional object. There are several 3D printing methodologies such as
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stereolithography apparatus (SLA), selective laser sintering (SLS), fused filament fabrication
(FFF), laminated object manufacturing (LOM), and digital light processing (DLP) . FFF is one
in all the foremost well-liked technologies because of its simplicity. In FFF, a plastic filament
from a spool is driven to the extrusion nozzle with the assistance of pinch wheel mechanism then
passes through the heater with the required melting temperature. The object is printed layer by
layer with the flow of that melted material on the heated bed. After flowing through the extrusion
nozzle, the material solidifies immediately. The application of pressure in the nozzle pushes the
semisolid material out of the nozzle..
Although a number of advancements have been achieved in the FFF process, there are still some
imperfections. More time is needed to obtain thinner layers in order to build up an object with
more accurate and precise dimensional control. Moreover, the process has been limited to
printing only one type or coloured material at a time. This study provides a novel solution to
such issues as colour, and material limitations to achieve sufficiently fine and accurate 3D
printing. The solution is to implement drive mechanism comprising of several pieces that operate
simultaneously, which could lessen the printing time and allow the utilization of varieties of
colour/material filament.

RESEARCH ELABORATION
What is an Extruder?
The extruder is one of the most important components on 3D printer. It is responsible for sending
the correct amount of filament to the hot end where it is melted and extruded down in thin layers
to make a desired part. Its important to know that the extruder is not the same as the hot end,
though these terms are commonly conflated.The cold end generally consists of a stepper motor
which rotates a toothed gear against a bearing. The filament (usually 1.75 and 3 mm in diameter)
is located in between the gear and bearing. It is driven toward the hot end when the motor is
activated. Different types of gear combinations (e.g., worm wheel and gear, pinion and gear, or
complex gear-box) can be used to increase the torque and improve the extrusion control.
Nowadays, two types of extruders are commonly used, such as direct extruder and Bowden
extruder. Most of the FFF 3D printers belong to the direct extruder type [1]. In this type of
extruder, moving parts include nozzle, heater, and motor. The motor pulls and drives filament
from the cold end to the hot end directly. For Bowden extruder type, the driving parts are
separated from the hot end and it is the only difference between the direct and Bowden extruder.
Bowden extruder FFF printer has a flexible cable connected between two separate parts. The
cable is known as Bowden cable, or sometimes, it is also called as Teflon tube (because of the
material used). Thermoplastic filament is driven inside the tube in order to get a permanent feed
of the material to the moving hot end. There is a thermal insulator or break in between the cold
end and hot end, which joins these two ends and prevents heat conduction between the two ends.
The thermal insulator is normally made of PEEK plastic with polytetrafluoroethylene (PTFE)
liners. Groove mounts are also used to connect the cold end to the hot end.
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The purpose of the hot end is to melt the filament. It is normally made of brass, but in some case,
aluminium and glass are used in order to reduce the weight of the hot end. The hot end consists
of a heating chamber with two holes. One hole is for filament feed in, and the other hole is for
the extrusion of molten plastic. The diameter of the extrusion (tip) hole of the nozzle varies from
0.3 to 1 mm. The typical working temperature for the hot end ranges is from 150 to 250 °C. This
range includes melting temperatures of the most popular filaments like acrylonitrile butadiene
styrene (ABS) and polylactic acid (PLA). Thermistor or thermocouple is normally used in the
feedback loop of the controller to measure and monitor the temperature. The extruder is mounted
to the frame of 3D printer by different methods and standards. the cold end into the chamber.
The simple schematic diagram of a conventional FFF extruder is shown in fig.1(a). The
employment of just one filament feed mechanism limits the 3D printing capabilities, just one
single filament can be set into the extruder at a time, and thus, just one colour material filament
is used. Changing each time, a filament would need a notable time break for the printing process.
The procedure embody pull out the used filament, clean the extruder chamber, and feed in the
next filament.

Fig.1 (a) Schematc representation of 3D printer extruder

Why multi-material ?
Most FFF desktop 3D printers are limited to printing with one kind and color of plastic at a time.
There are some tricks you can use to do very limited multi-color prints, such as printing a few
layers then pausing to change to a different filament. Multi-material printing gives you the ability
to make truly multicolored things without painting or post-processing. Printing with multiple
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colors makes a surprisingly big difference in how the finished product looks.beyond just colors,
multi-material printing also holds the promise of making more functional things by combining
different kinds of materials in a single print. For example, you can combine flexible and rigid
materials to make prints that can move and flex in ways that might be difficult or impossible
using any traditional manufacturing method. And one can print supports in a dissolvable material
for easy cleanup of even the most intricate support structures. For the researchers, multi-material
printing is a next-level capability. Combining PLA and TPU in the same object shows the
interesting possibilities for making things with both rigid and flexible materials.

Mechanism of Proposed Multi Filament Extruder
Filament Feeding mechanism is called as extruder, which extrude the filament into the hot end in
desired rate.

Fig. 2(a) Layout and process forces in FFF based 3d printer extruder with a spring-lever mechanism.
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Commercially available extrusion mechanisms in FDM 3D printers are designed to feed
thermoplastic polymer filaments with diameters ranging from 1.5 mm to 3 mm through a heated
liquefier and then extrude onto a build platform. The filament is inserted into a guide tube and
pushed towards a heater via gear-roller extrusion mechanism, as shown in Figure 1 and Figure 2.
An extruding gear is powered by a stepper motor and a roller is pushed by a spring via lever to
create a pressure on the filament to avoid slippage. The filament is in tension above the gearroller mechanism and pulls the material from the spool. After the filament enters the gear-roller
mechanism, it is in compression and pushed through a heated liquefier towards the nozzle. The
gear-roller extrusion feed rate is controlled to keep the volumetric flow rate of filament constant.
The gear-feed force and the rolling friction between roller and filament are opposite to each
other, and the resultant of these two forces is pushing the filament into the liquefier. The
derivation of these two forces are presented as follows. First, gear-feed force depends on the
torque of the extruding stepper motor:
𝑇𝑒𝑥𝑡𝑟

𝐹𝐺𝐹 = 𝑅𝑔𝑒𝑎𝑟,

1

where Textr is extruding torque, Rgear is radius of extruding gear. Second, friction force
between roller and filament is rolling friction:
𝐹𝑅 = 𝜇𝑅𝑁𝑅 ,
2
where _R is coefficient of rolling friction between roller and filament, NR is normal force
between roller and filament. The normal force NR depends on the spring characteristics and the
lever geometry of an extruder:
𝑁𝑅 = 𝐹𝐶 𝑐𝑜𝑠𝛿,
3
= 𝐹𝐴 𝐴𝐵 𝑐𝑜𝑠𝛿,

4

= 𝐹𝐴 𝐴𝐵 cos (90-β),

5

𝐵𝐶

𝐵𝐶

and the filament rolling friction can be written as:
𝐴𝐵
𝐹𝑅 = 𝜇𝑅 FA𝐵𝐶 𝑐𝑜𝑠(90 − 𝛽)

6

angle between FC and NR, FA is a vertical force exerted by a spring at point A, AB and BC
lever geometrical distances illustrated in Figure 2(a), β is angle between AB and BC. In
summary, the filament feed mechanism includes:
 Gear-feed force, which is a function of a stepper motor and an extruder parameter.


Rolling friction gear force, which is a function of a roller friction coefficient and leverspring.



V- type nozzle junction which enables the change of filament during the engagement and
disengagement of 1st and 2nd roller bearing via lever-spring and locking nut.
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Clockwise and anticlockwise rotation of stepper motor for retraction and insertion of
filament.

Design procedure
The first step in the process of 3D printing is to design the part to be printed in any of the 3D
modeling software such as Autodesk AutoCAD, Pro-E, Catia, Solidworks etc. In this case, it was
used Nx modeling software to design the desired parts of the direct extruder.
We designed two parts, initial one is the static part, that could be attached with a stepper motor
and the other is a moveable part, which is attached to static part and it can be moved when the
material insertion is required. The static part 60 millimeter in height and 60 millimeters in
length. And the moveable part is 20 millimeter in height and its length is 60 millimeters. The 3D
models, shape and parameters of these parts are shown in Table,1.
Table 1.Conceptualization and Design of Extruder
3D Model designed by NX

Fig. 3(a) 3D Model of static part (Motor base plate)
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Fig. 3(b) 3D Model of movable part (Lever)

Fig. 3(c) Model of static part (Multi filament feed nozzle)

Then the designed part is exported in .STL format.

Output 3D Model of the Extruder part
We used Desk 200 3d printer to print the designed extruder parts. Polylactic acid was used as
printing material.The printed model is shown in figures below.
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Fig. 4(a) Motor base plate

Fig. 4(b) Lever

Final models of Extruder assembly

Fig. 5(a) Exrtruder parts needed for assembly
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1×NEMA17 motor
1×Copper Extrusion Head Gear 26 tooth
2×M6 nut (spinner for lever)
2×Bilateral groove bearing
2×M3*8 screw
2xM4*8 screw
2×M5*8 screw
2xM4 nut
2×M4*26 screw
2×M3*16 screw
2×stainless steel spring (20mm height, 1.2 mm dia, 9 laps)
2×M3*30 scew
1×MK8A part
1x hot end with 0.4 mm extruder nozzle

After completing the assembly it is implemented on 3d Printer. The implementation on 3D
printer is shown in Fig. 6 (a).

Fig. 6(a) Implementation of prototype on 3D Printer

523 J.C. Bose University of Science and Technology, YMCA, Faridabad

Result and Discussion
In this work, a Direct extruder for a 3D printer was designed. This extruder was created
supported FDM technology and supports thermoplastic materials filament of 1.75 mm diameter.
This extruder is extremely simple to implement with a 3D printer, with less complexity, increase
efficiency in terms of motor, usage, weight of extruder, easy to change filament and less
manufacturing Cost. It was required only few components to construct this extruder and the
important parts of this extruder are made by 3D printer.

Conclusion
The 3D printing technology is becoming popular day by day in the field like researchers,
manufacturers, designers, engineers and scientists and FDM is the most used 3D printing
technology. The current single-nozzle 3D FFF printer has limited application. It resulted in
limitation to only a single color/material printing. Multi-color/material printing by using a singlenozzle extruder requires extra time for filament replacement and nozzle cleaning, which makes
the process complicated and time-consuming. The proposed multi-nozzle extruder design
consists of single nozzle that enable the printing with two different colors and materials
simultaneously. It does not require to stop the operational process for switching the filaments.
Direct-type extruder is selected to prevents the spontaneous flowing out of material from the
nozzle when the head is moved to a different location for printing and to avoid high friction of
filament insertion, for materials with a high degree of flexibility. In addition, the cold-end is
driven by only one stepper motor, which can greatly reduce the bulkiness and weight of the
extruder and thus to increase the printing speed as comparable to other multi-material extruders
available in the market.The aim of this project was to design and construct a FDM based direct
extruder. We constructed a simple and user friendly direct extruder. We observed that, with this
extruder the prints print almost accurately. Although, in some case a deviation is observed at the
thin and sharp edge of the model. A little wrapping problem is also observed occasionally.The
proposed extrusion model provides a novel technique for 3D printing with multi-colors and
multi-materials.
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Abstract
In this work, direct quantum tunneling current (𝐼𝐺 )for 10 nm gate length double gate (DG) Si
MOSFET with the self-consistent solution between Schrodinger’s equation and Poisson’s
equationis studied using Silvaco ATLAS TCAD. 𝐼𝐺 have been simulated using various gate
materials with different body doping concentration for 𝑆𝑖𝑂2 thicknesses of 1nm. Further 𝑆𝑖𝑂2
has been replaced with𝐻𝑓𝑂2to get the same equivalent oxide thickness and 𝐼𝐺 was again
simulated. It was found that 𝐼𝐺 decreases using high-kdielectric, gate material which has higher
workfunction and high body doping which could be used in low standby power consumption.

Keywords
DG MOSFET, Direct tunneling Current, Silvaco TCAD.

Introduction
Revolution in Microelectronic Industry is because of MOS transistor [1] scaling of which allow
the Moore’s law to continue for more than 50 years [2]. Scaling methods begin to approach
physical fundamental limitations when physical dimension of Si-based bulk MOSFETs shrinks
because of (i) degradation in performance because of short channel effects (SCEs) (ii) because of
very thin 𝑆𝑖𝑂2 layer, gate direct quantum tunneling through it takes place. This direct tunneling
(𝐼𝐺 ) is the main source of leakage. Hence scaling down to 50 nm technology node require: (i)
use of double-gate (DG) MOSFET [3, 4] (ii) using high-k dielectric materials as they can provide
𝑆𝑖𝑂2 equivalent thickness (EOT) at large thickness and calculated as
𝐸𝑂𝑇 = (𝑘

3.9
ℎ𝑖𝑔ℎ−𝑘

) 𝑡ℎ𝑖𝑔ℎ−𝑘

(1)

where 𝑘ℎ𝑖𝑔ℎ−𝑘 is dielectric constant and 𝑡ℎ𝑖𝑔ℎ−𝑘 is the physical thickness of high-k dielectric
material respectively [5- 7].
For good interface, we have used the combination of 𝑆𝑖𝑂2 + 𝐻𝑓𝑂2 oxide for minimize the 𝐼𝐺 [1,
8]. 𝐼𝐺 have been simulated with 𝑆𝑖𝑂2=1 𝑛𝑚 and its EOT using 𝐻𝑓𝑂2 on Silvaco ATLAS TCAD
[10]. Also 𝐼𝐺 has been simulated with different body doping concentration and with different
metal gates.
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Figure 1. 10 nm DG Si MOSFET
.
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Table 1.various Parameters used in this work

Parameters

values

Si channel thickness (nm)

6.13

Si Band Gap (eV)

1.12 [9, 10]

Si Affinity (eV)

4.05 [9, 10]

Si Electron mass (eV)

𝑆𝑖𝑂2 Dielectric Constant

𝑚𝑙 = 0.916𝑚0
𝑚𝑡1 = 0.191𝑚0
𝑚𝑡2 = 0.191𝑚0
[9, 10]
3.9 [2]

𝑆𝑖𝑂2 Band Gap (eV)

9 [2, 9]

Si Conduction Band offset with 𝑆𝑖𝑂2 (eV)

3.2 [2, 9]

Si Conduction Band offset with 𝐻𝑓𝑂2 (eV)
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0.8 V

Results and Discussion
Fig. 2(a), fig. 2(b) and fig. 2(c) show 𝐼𝐺 𝑣𝑠 𝑉𝐺𝑆 curves for different gate materials for 1 ×
1018 𝑐𝑚−3, 5 × 1018 𝑐𝑚−3, 1 × 1019 𝑐𝑚−3 body doping concentration respectively, for
𝑆𝑖𝑂2 = 1 𝑛𝑚. Tungsten (W) and Aluminum (Al) are used as gate materials whose workfunction
in vacuum are 4.63 eV, and 4.28 eV respectively [10] and by considering interface dipole [9]
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these metals change to effective workfunction to 4.639 eV and 4.306 eV respectively. 𝐼𝐺
increases with increase in 𝑉𝐺𝑆 whichincreases the number of free electron that are tunnel through
gate oxide to form 𝐼𝐺 . Also 𝐼𝐺 decreases with higher workfunction metal gate and with higher
body doping concentration as shown in figure 2. Both high workfunction metal gate and higher
body doping decrease the number of free electron in the channel region to tunnel through the
gate oxide which decreases 𝐼𝐺 .
Also figure 2 (a) shows the 𝐼𝐺 for lower value of body doping whereas figure 2 (c) has the
highest value and figure 2 (b) has intermediate value. It is clear from the results that 𝐼𝐺 decrease
with increasing doping concentration.
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Figure 2. 𝐼𝐺 𝑣𝑠 𝑉𝐺𝑆 curves for metal gate materials with 𝑆𝑖𝑂2 = 1 𝑛𝑚, for body doping (a) 1 × 1018 𝑐𝑚−3 (b)
5 × 1018 𝑐𝑚−3 (c) 1 × 1019 𝑐𝑚−3 .

Studies were made using 𝐻𝑓𝑂2 as gate dielectricand results are using Silvaco ATLAS TCADas
shown infig. 3[10]. From the results it is seen that, there are large reduction in tunneling current
because of increase in the thickness of gate oxideby using 𝐻𝑓𝑂2 + 𝑆𝑖𝑂2.
It is found that 𝐼𝐺 has minimum value for highest value of doping concentration and vice versa.
Similarly, same figure also shows that on increasing work function of gate material𝐼𝐺 decrease.
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Figure 3. 𝐼𝐺 𝑣𝑠 𝑉𝐺𝑆 curves for metal gate materials with 𝐻𝑓𝑂2 , 𝐸𝑂𝑇 = 2.623 𝑛𝑚, for body doping (a)
1 × 1018 𝑐𝑚−3 (b) 5 × 1018 𝑐𝑚−3 (c) 1 × 1019 𝑐𝑚−3 .

Conclusions
Effect of metals gate workfunction, gate dielectric material and body doping on 𝐼𝐺 have been
studied. It was found that there is reduction in IGwith high-k dielectric, metal gate which has
higher workfunction and higher body doping as well. This device isuseful inlow standby power
consumption.
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Abstract
The advent of the ultramodern distributed systems paradigm, cloud computing, has
revolutionized the IT industry. It has grabbed significant attention from researchers, academia,
industries, and government bodies. Being a scalable pay-as-you-go model, cloud has emerged as
the backbone of the today’s modern economy by offering subscription-based services anytime,
anywhere following on demand self-service standard. The ever-growing data and compute
requirements of workload has led to extensive research on how to efficiently schedule and
deploy them in distributed cloud environments and has enabled the emergence of computing as
the fifth utility. This work identifies the challenges and immense opportunities to schedule
workflows at minimum costs without the need of retaining any infrastructure.

Keywords
Distributed, cloud computing, workflow, scheduling

Introduction
Cloud computing has sparked the emergence of distributed computing as the fifth utility by
shaping the way in which IT infrastructures and services are used by customers [1]. Since its
emergence, cloud computing adoption on a global scale has seen a rapid growth as it’s been
embraced largely by industrialist, researchers, academia and government bodies. Cloud
computing has become the backbone of today’s modern economy as it’s the only paradigm
which allows access to on-demand self-service subscription-based IT resources, resembling not
only the way in which basic utility services are accessed but also the assurance of modern society
on them. The emergence of Cloud Computing as a new distributed computing paradigm has
enabled establishment of new businesses in a very short span of time. Cloud has facilitated the
scientific progress, expansion of businesses across the world and for pervasive and ubiquitous
computing various models were created across the globe.
Adoption of cloud has fostered by the three main service models of cloud, namely software as a
service (SaaS), Infrastructure as a service (IaaS), and platform as a service (PaaS). Application
Services hosted on the cloud data center’s over the internet are provided by SaaS as it offers
highest level of abstraction [9, 17]. By enabling access to unlimited, scalable and on-demand
ready-to-use applications, SaaS is able to reduce incurring internal or direct expenses, such as
auto upgradation, license fees and IT infrastructure maintenance. Framework for the creation and
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deployment of Cloud applications is provided by PaaS. Platform as a service is mostly used by
developers that require more control over IT Infrastructure, requires programming models and
auto-scaling of infrastructure and services. For example, PaaS allowed the users to create elastic
cloud resources according to the real time dynamic requirements [29, 33, 45]. IaaS offers access
to virtual computing resources, by leasing Virtual Machines (VMs), instances and storage space
to create machine image. This service is not only the foundation for SaaS and PaaS, but has also
been the pillar of Cloud computing [46]. Infrastructure as a service has become focus of modern
world by enabling customers to access the IT resources only when they need it, to adjust the
amount of resources used in a flexible way, and to pay only for what has been used by the end
user, all while having a high degree of control over the resources.

Components of the Cloud Computing Paradigm
Several new paradigms were also emerged throughout the evolution of Cloud computing.
Increase in adoption of cloud service models not only led to the advancement of new deployment
models but also triggered the progress of technology on which this cloud paradigms is
based(e.g., virtualization). For instance, the use of novel virtualization techniques such as
containers that enable improved utilization of the physical resources and further hide the
complexities of hardware is becoming increasingly widespread, even leading to a new service
model being offered by providers known as Container as a Service (CaaS)[21]. There has also
been a rise in the type and number of specialized Cloud services that aid industries in creating
value by being easily configured to meet specific business requirements. Examples of these are
emerging, easy-to-use, Cloud-based data analytics services and serverless architectures.

Fig. 1. Components of the Cloud computing paradigm.
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Another clear trend is that Clouds are becoming increasingly geographically distributed to
support emerging application paradigms. For example, Cloud providers have recently started
extending their infrastructure and services to include edge devices for supporting emerging
paradigms such as the Internet of Things (IoT) and Fog computing. Fog computing aims at
moving decision making operations as close to the data sources as possible by leveraging
resources on the edge such as mobile base stations, gateways, network switches and routers, thus
reducing response time and network latencies. Additionally, as a way of fulfilling increasingly
complex requirements that demand the composition of multiple services and as a way of
achieving reliability and improving sustainability, services spanning across multiple
geographically distributed CDCs have also become more widespread. Fig. 1 illustrates the main
components of the Cloud computing paradigm and positions the identified trends and challenges.
The adoption of Cloud computing will continue to increase and support for these emerging
models and services is of paramount importance. In 2016, the IDG’s Cloud adoption report
found that 70% of organization’s have at least one of their applications deployed in the Cloud
and that the numbers are growing [2]. In the same year, the IDC’s (International Data
Corporation) Worldwide Semiannual Public Cloud Services Spending Guide [3] reported that
Cloud services were expected to grow from $70 billion in 2015 to more than $203 billion in
2020, an annual growth rate almost seven times the rate of overall IT spending growth. This
extensive usage of Cloud computing in various emerging domains is posing several new
challenges and is forcing us to rethink the research strategies and re-evaluate the models that
were developed to address issues such as scalability, resource management, reliability, and
security for the realization of next-generation Cloud computing environments [4].

Challenges: State of the Art and Open Issues
As Cloud computing became popular, it has been extensively utilised in hosting a wide variety of
applications. It posed several challenges such as issues with sustainability, scalability, security,
and data management among the others [5,9,7]. Over the past decade, these challenges were
systematically addressed and the state of the art in Cloud computing has advanced significantly.
However, there remains several issues open, as summarised in the Table 1.
Table 1: Challenges & Open issues in cloud computing

CHALLENGES
RELIABILITY

OPEN ISSUES
 Failure correlations leading to large scale service disruptions
 Lack of holistic service reliability models[18]
 Lack of automatic reliability-aware service management
mechanism
 Lack of failure-aware provisioning policies[7]

RESOURSE
MANAGEMENT
AND SCHEDULING

 Auto-scaling and resource-control in large scale services[18]
 Multi-cloud operation and load-balancing[15,21,17]
 Ad-hoc design of multiple control loops[14,20]

534 J.C. Bose University of Science and Technology, YMCA, Faridabad

 Sensitivity to errors in workload characterization[16]
 Interplay between security and resource management[19,20]
SCALABILITY AND
ELASTICITY

 Hardware heterogeneity to accelerate computations [9,11]
 Resource virtualization, performance isolation, pricing
models[8,13]
 Software for scalable elastic services[11,12]
 Middleware to monitor/model performance[6,10]
 Application programing models enabling adaption[5,7]

USABILITY

 Disparity between HCI and distributed system communities
 Encapsulation of system and services[39]
 Productivity tools

NETWORKING

 High energy consumption and lack of energy proportionality
 Lack of guaranteed QoS[18]
 Multi-tenancy and scalability issues

DATA
MANAGEMENT






APPLICATION
DEVELOPMENT
AND DELIVERY

 Resource programmability[32]
 Continuous delivery
 Increased technical debt due to agile delivery

ECONOMICS OF
CLOUD
COMPUTING






SLA and policy management
Migration in-house infrastructure to public cloud providers
Choosing the right cloud provider
Licensing models for the cloud[18,41]

SECURITY AND
PRIVACY







Encryption-based data protection[44]
Selective information sharing[41]
Fine grained access[42,43]
Query confidentiality and integrity[45]
Security-based cloud provider selection[43]

EMPOWERING
RESOURCECONSTRAINED
DEVICES

 Mobile cloud binding models-task delegation and code
offloading[36,44]
 Mobile cloud adaptability issues
 Cloud-centric Internet of Things[9,27]
 Cloud computing at the edge with fog computing

Limitation on services for managing Meta-data
Data management policies and regulations
Managing latency-sensitive data streams[7,21]
Integrating streaming and batch data
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INTERCONNECTED
CLOUDS

HETEROGENEITY

SUSTAINABILITY






Cloud interoperability[40]
Common rules and standards for security and service quality[36]
Cross-site virtual networking[35,37,40]
Interoperation beyond minimum common denominator of
services[38,39]
 Heterogeneity at VM, vendor and hardware architecture
levels[31,33]
 VM Placement, provisioning and scheduling[29,34]
 Hardware acceleration adoption with vendor specific
languages[30,32]
 Every needs of CDCs[22]
 VM consolidation to minimise energy consumption of
servers[25]
 Optimised scheduling of traffic flows between servers[23,25,28]
 ML based methods for task allocations[24,26]
 Energy versus QoS trade-offs[27]

Emerging Trends and Impact Areas
As Cloud computing and relevant research matured over the years, it led to several
advancements in the underlying technologies such as containers and software defined networks.
These developments in turn have led to several emerging trends in Cloud computing such as Fog
computing, serverless computing, and software defined computing [46,47,48]. In addition to
them, other emerging trends in ICT such as Big Data, machine/deep learning, and blockchain
technology also have started influencing the Cloud computing research and have offered wide
opportunities to deal with the open issues in Cloud-related challenges.
Table 2. Emerging trends in cloud computing

Containers
Fog Computing
Big Data
Serverless
Computing
Software-defined
Cloud Computing
Blockchain:
Machine
and Deep Learning

New type of virtualization technology with tiny memory footprint, lesser
resource requirement and faster startup.
Computing at the edge of the network and it envisions to make decisions
as close as possible to the data source.[49]
Discusses rapid escalation in the generation of streaming data from IoT
and social networking applications
An emerging architectural pattern where the server is abstracted away
and the resources are automatically managed for the user.
Optimizing and automating the Cloud configuration and adaptation by
extending the virtualization to compute, storage, and networks.[48]
Distributed immutable ledger deployed in a decentralized network that
relies on cryptography to meet security constraints
Algorithms and models for optimized resource management and ML
services offered from Clouds.
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Future Research Opportunities
The Cloud computing paradigm, like the Web, the Internet, and the computer itself, has
transformed the information technology landscape in its first decade of existence. However, the
next decade will bring about significant new requirements, from large-scale heterogeneous IoT
and sensor networks producing very large data streams to store, manage, and analyse to energyand cost-aware personalised computing services that must adapt to a plethora of hardware
devices while optimising for multiple criteria including application-level QoS constraints and
economic restrictions[50,51].
Table 3: Future Research Opportunities in cloud computing

EMERGING
TRENDS
RELIABILITY

PROPOSED FUTURE RESEARCH DIRECTIONS





Failure aware resource provisioning
Reliable as a service(RaaS)
Efficient storage reliability
Reliability and energy efficient correlation[11,13]

RESOURSE
MANAGEMENT
AND SCHEDULING







Big-data analytics for resource management
AI-driven management
Function-level QoS management in serverless computing
Holistic management of data centre and edge[18,19]
SDN- driven orchestration and consolidation

SCALABILITY AND
ELASTICITY

 Virtualization GPUs, and non-traditional architecture
 Programming abstractions, models, and language for scalable
elastic computing[37,41]
 Approximate computing: performance, cost, and accuracy tradeoffs
 Decentralized scalable distributed algorithms for edge, hybrid,
inter clouds[18,19]

USABILITY

 AI-based advisory systems
 Advanced visualization tools[6,12]
 Cost-aware decision making systems

NETWORKING

 SDN based traffic engineering[29]
 Providing network performance guarantee
 AI based networking

DATA
MANAGEMENT

 Metadata management and data traceability
 Security and compliance using distributed ledgers
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 Acquiring and processing edge/IOT data streams
 Managing models and data for deep learning [36]
APPLICATION
DEVELOPMENT
AND DELIVERY

 Continuous delivery for edge, big data and serverless computing
 Multi paradigm and cloud native design patterns[27]
 Iterative cloud application enhancement

ECONOMICS OF
CLOUD
COMPUTING

 Economics for serverless computing
 Business models for micro data centres
 Cloud architectures and market models for Fog computing

SECURITY AND
PRIVACY

 Efficient data protection techniques[41]
 Security and privacy of Fog based scenarios, Big Data, and
Blockchain technology[44]
 Controlled data sharing in multi provider scenarios
 Integrity for multi provider multi source computations[43,45]
 Query confidentiality
 Virtualization

EMPOWERING
RESOURCECONSTRAINED
DEVICES

 Multi tenancy in mobile cloud
 Incentive models for mobile clouds and independent fog
providers[35]
 Containers in Fog/Edge computing[39,40]
 QoS aware application deployment on Fog nodes
 Edge analytics for real time stream data processing

INTERCONNECTED
CLOUDS






HETEROGENEITY

 Management strategies that work across VM, vendor and
hardware architecture levels
 Predicting performance at hardware architecture level given
heterogeneity [50]
 High level programming languages for satisfying abstraction and
elasticity[49,51]
 Disaggregated datacentres[14,33]

SUSTAINABILITY

 Dynamic task scheduling for energy and QoS optimization
 Novel system architectures and algorithms that can
geographically distribute data centre computing[8,9]
 Interplay between IOT enabled cooling systems and CDC
manager
 Renewable energy for CDC[3,16]

Data and application format
Application Customization
SDN and NFV enhanced InterCloud operations[39]
Equivalent service compositions across providers
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Significant research was already performed to address the Cloud computing technological and
adoption challenges, and the state of the art along with their limitations is discussed thoroughly
in Table 1.The future research in Cloud computing should focus at addressing the limitations
along with the problems hurled and opportunities presented by the latest developments in the
Cloud horizon[49,50,51]. Thus the future R&D will greatly be driven by the emerging trends
discussed in Table 2.

Summary and Conclusion
Cloud computing has enabled new businesses to be established in a shorter amount of time, has
facilitated the expansion of enterprises across the globe. However, the future will bring about
significant new requirements, from large-scale heterogeneous IoT and sensor networks
producing very large data streams to store, manage, and analyse, to energy- and cost-aware
personalised computing services. These requirements will be posing several new challenges in
scheduling workflow in Cloud computing and will be creating the need for new approaches and
research strategies, and force us to re-evaluate the models that were already developed to address
the issues such as scalability, resource provisioning, and security.
This paper discussed the challenges still to be addressed in realizing the future generation Cloud
computing and also provide the emerging trends and impact areas that further drive these Cloud
computing challenges. The discussed research directions show a promising and exciting future
for the Cloud computing field both technically and economically.

References
1. J. U. Duncombe, “Infrared navigation - Part I: An assessment of feasibility,” IEEE
Transactions on Electron Devices, vol. ED-11, pp. 34-39, Jan. 1959.
2. IDG Enterprise, “IDG Enterprise Cloud Computing Survey”, 2016.
3. IDC, “Worldwide Semiannual Big Data and Analytics Spending Guide”, 2017.
4. Adel Nadjaran Toosi, Rodrigo N. Calheiros, and Rajkumar Buyya, “Interconnected cloud
computing environments: Challenges, taxonomy, and survey”. ACM Comput. Surv. 47,
2014.
5. A. J. Younge, J. P. Walters, S. Crago, and G. C. Fox, “Evaluating GPU passthrough in
xen for high performance cloud computing”. In Proceedings of the 2014 IEEE
International Parallel Distributed Processing Symposium Workshops. 852–859, 2014.
6. Shigeru Imai, Pratik Patel, and Carlos A. Varela., “Developing elastic software for the
cloud”, In Encyclopedia on Cloud Computing (2016).
7. Travis Desell, Malik Magdon-Ismail, Boleslaw Szymanski, Carlos Varela, Heidi
Newberg, and Nathan Cole, “Robust asynchronous optimization for volunteer computing
grids”, In Proceedings of the 5th IEEE International Conference on e-Science, 2009 (eScience’09). IEEE, 263–270, 2009.
8. Shigeru Imai, Thomas Chestna, and Carlos A. Varela, “Accurate resource prediction for
hybrid iaas clouds using workload-tailored elastic compute units”, In Proceedings of the
2013 IEEE/ACM 6th International Conference on Utility and Cloud Computing
(UCC’13). IEEE, 171–178, 2013.
9. Satish Narayana Srirama and Alireza Ostovar, “Optimal resource provisioning for scaling
539 J.C. Bose University of Science and Technology, YMCA, Faridabad

enterprise applications on the cloud”, In Proceedings of the 6th International Conference
on Cloud Computing Technology and Science (CloudCom’14). IEEE, 262–271, 2014.
10. Shigeru Imai, Stacy Patterson, and Carlos A. “Varela, Maximum sustainable throughput
prediction for data stream processing over public clouds”, In Proceedings of the 17th
IEEE/ACM International Symposium on Cluster, Cloud and Grid Computing. IEEE
Press, 504–513, 2017.
11. Carlos A. Varela, “Programming Distributed Computing Systems: A Foundational
Approach”, MIT Press, 2013.
12. W. Felter, A. Ferreira, R. Rajamony, and J. Rubio, “An updated performance comparison
of virtual machines and Linux containers”, In Proceedings of the 2015 IEEE
International Symposium on Performance Analysis of Systems and Software
(ISPASS’15), 2015.
13. Carlos Varela and Gul Agha, “Programming dynamically reconfigurable open systems
with SALSA”, ACM SIGPLAN Not. 36, 12 (2001), 20–34, 2001.
14. Zoltan Adam Mann, “Allocation of virtual machines in cloud data centers-a survey of
problem models and optimization algorithms”, ACM Comput. Surv. 48, 1 (2015), 11.
15. Maciej Malawski, Gideon Juve, Ewa Deelman, and Jarek Nabrzyski, “Algorithms for
cost-and deadline constrained provisioning for scientific workflow ensembles in IaaS
clouds”, Fut. Gen. Comput. Syst. 45 (2015), 1–18.
16. Danilo Ardagna, Giuliano Casale, Michele Ciavotta, Juan F. Perez, and Weikun Wang,
“Quality-of-service in cloud computing: Modeling techniques and their applications”, J.
Internet Serv. Appl. 5, 1 (2014), 11.
17. Raquel V. Lopes and Daniel Menasce, “A taxonomy of job scheduling on distributed
computing systems”, IEEE Trans. Parallel Distrib. Syst. 27, 12 (2016), 3412–3428, 2016.
18. Sunilkumar S. Manvi and Gopal Krishna Shyam, “Resource management for
infrastructure as a Service (IaaS) in cloud computing: A survey”, J. Netw. Comput. Appl.
41 (2014), 424–440.
19. Sukhpal Singh and Inderveer Chana, “QoS-aware autonomic resource management in
cloud computing: A systematic review”, ACM Comput. Surv. 48, 3 (2016), 42.
20. Shigeru Imai, Stacy Patterson, and Carlos A. Varela, “Uncertainty-aware elastic virtual
machine scheduling for stream processing systems”, In Proceedings of the 18th
IEEE/ACM International Symposium on Cluster, Cloud and Grid Computing
(CCGrid’18), 2018.
21. Israel Casas, Javid Taheri, Rajiv Ranjan, and Albert Y. Zomaya, “PSO-DS: A scheduling
engine for scientific workflow managers”, J. Supercomput. 73, 9 (2017), 3924–3947,
2017.
22. Rajkumar Buyya, Saurabh Kumar Garg, and Rodrigo N. Calheiros, “SLA-oriented
resource provisioning for cloud computing: Challenges, architecture, and solutions”, In
Proceedings of the 2011 International Conference on Cloud and Service Computing
(CSC’11). IEEE, 1–10,211.
23. James M. Kaplan, William Forrest, and Noah Kindler, “Revolutionizing Data Center
Energy Efficiency”, Technical Report. McKinsey & Company, 2008.
24. Rajkumar Buyya, Anton Beloglazov, and Jemal Abawajy, “Energy-efficient management
of data center resources for cloud computing: A vision, architectural elements, and open
challenges”, In Proceedings of the 2010 International Conference on Parallel and
540 J.C. Bose University of Science and Technology, YMCA, Faridabad

Distributed Processing Techniques and Applications (PDPTA’10). CSREA Press, 2010.
25. Barbara Pernici, Marco Aiello, Jan vom Brocke, Brian Donnellan, Erol Gelenbe, and
Mike Kretsis, “What IS can do for environmental sustainability: A report from CAiSE”,
panel on green and sustainable IS. Commun. Assoc. Inf. Syst. 30 (2012), 18.
26. LanWang and Erol Gelenbe, “Adaptive dispatching of tasks in the cloud”, IEEE Trans.
Cloud Comput. 6, 1 (2018), 33–45.
27. Lan Wang, Olivier Brun, and Erol Gelenbe, “Adaptive workload distribution for local
and remote clouds”, In Proceedings of the 2016 IEEE International Conference on
Systems, Man, and Cybernetics (SMC’16). IEEE, 003984–003988, 2016.
28. Yonghua Yin, LanWang, and Erol Gelenbe, “Multi-layer neural networks for quality of
service oriented serverstate classification in cloud servers”, In Proceedings of the 2017
International Joint Conference on Neural Networks (IJCNN’17). IEEE, 1623–1627,
2017.
29. Christoforos Kachris, Dimitrios Soudris, Georgi Gaydadjiev, Huy-Nam Nguyen,
Dimitrios S. Nikolopoulos, Angelos Bilas, Neil Morgan, Christos Strydis, et al., “The
VINEYARD approach: Versatile, integrated, accelerator-based, heterogeneous data
centres”, In Proceedings of the International Symposium on Applied Reconfigurable
Computing Springer, 3–13, 2016.
30. Mukesh Singhal, Santosh Chandrasekhar, Tingjian Ge, Ravi Sandhu, Ram Krishnan,
Gail-Joon Ahn, and Elisa Bertino, “Collaboration in multicloud computing environments:
Framework and security issues”, Computer 46, 2 (2013), 76–84, 2013.
31. Steve Crago, Kyle Dunn, Patrick Eads, Lorin Hochstein, Dong-In Kang, Mikyung Kang,
Devendra Modium, Karandeep Singh, Jinwoo Suh, and John Paul Walters,
“Heterogeneous cloud computing”, In Proceedings of the 2011 IEEE International
Conference on Cluster Computing (CLUSTER’11). IEEE, 378–385, 2011.
32. Brendan Jennings and Rolf Stadler., “Resource management in clouds: Survey and
research challenges”, J. Netw.Syst. Manage. 23, 3 (2015), 567–619, 2015.
33. Blesson Varghese, Ozgur Akgun, Ian Miguel, Long Thai, and Adam Barker, “Cloud
benchmarking for maximizing performance of scientific applications”, IEEE Trans.
Cloud Comput. (2016).
34. Christoforos Kachris, Dimitrios Soudris, Georgi Gaydadjiev, Huy-Nam Nguyen,
Dimitrios S. Nikolopoulos, Angelos Bilas, Neil Morgan, Christos Strydis, et al. “The
VINEYARD approach: Versatile, integrated, accelerator-based, heterogeneous data
centres”, In Proceedings of the International Symposium on Applied Reconfigurable
Computing. Springer, 3–13, 2016.
35. Rajkumar Buyya, Saurabh Kumar Garg, and Rodrigo N. Calheiros, “SLA-oriented
resource provisioning for cloud computing: Challenges, architecture, and solutions”, In
Proceedings of the 2011 International Conference on Cloud and Service Computing
(CSC’11). IEEE, 1–10, 2011.
36. Benny Rochwerger, David Breitgand, Eliezer Levy, Alex Galis, Kenneth Nagin, Ignacio
Martin Llorente, Ruben Montero, Yaron Wolfsthal, Erik Elmroth, Juan Caceres, et al.,
“The reservoir model and architecture for open federated cloud computing”, IBM J. Res.
Dev. 53, 4 (2009), 4–1, 2009.
37. Borja Sotomayor, Ruben S. Montero, Ignacio M. Llorente, and Ian Foster. “Virtual
infrastructure management in private and hybrid clouds”, IEEE Internet Comput. 13, 5
541 J.C. Bose University of Science and Technology, YMCA, Faridabad

(2009).
38. Adel Nadjaran Toosi, Rodrigo N. Calheiros, and Rajkumar Buyya, “Interconnected cloud
computing environments: Challenges, taxonomy, and survey”, ACM Comput. Surv. 47, 1
(2014).
39. Rajkumar Buyya, Rajiv Ranjan, and Rodrigo N. Calheiros, “Intercloud: Utility-oriented
federation of cloud computing environments for scaling of application services”, In
Proceedings of the International Conference on Algorithms and Architectures for Parallel
Processing. Springer, 13–31, 2010.
40. Hakan Hacigumuş, Bala Iyer, Chen Li, and Sharad Mehrotra, “Executing SQL over
encrypted data in the database-service-provider model”, In Proceedings of the 2002 ACM
SIGMOD International Conference on Management of Data. ACM, 216–227, 2002.
41. Rakesh Agrawal, Jerry Kiernan, Ramakrishnan Srikant, and Yirong Xu, “Order
preserving encryption for numeric data”, In Proceedings of the 2004 ACM SIGMOD
International Conference on Management of Data. ACM,563–574, 2004.
42. Ernesto Damiani, S. D. C. D. Vimercati, Sushil Jajodia, Stefano Paraboschi, and
Pierangela Samarati, “Balancing confidentiality and efficiency in untrusted relational
DBMSs”, In Proceedings of the 10th ACM Conference on Computer and
Communications Security. ACM, 93–102, 2003.
43. Hakan Hacigumuş, Bala Iyer, Chen Li, and Sharad Mehrotra, “Executing SQL over
encrypted data in the database-service-provider model”, In Proceedings of the 2002 ACM
SIGMOD International Conference on Management of Data. ACM, 216–227, 2002.
44. C. Gentry, A. Sahai, and B.Waters, “Homomorphic encryption from learning with errors:
Conceptually-simpler, asymptotically-faster, attribute-based”, In Proceedings of Annual
International Cryptology Conference (CRYPTO’13).Santa Barbara, CA, USA, 2013.
45. Rahul Ghosh, Kishor S. Trivedi, Vijay K. Naik, and Dong Seong Kim, “End-to-end
performability analysis for infrastructure-as-a-service cloud: An interacting stochastic
models approach”, In Proceedings of the 2010 IEEE 16th Pacific Rim International
Symposium on Dependable Computing (PRDC’10). IEEE, 125–132, 2010.
46. Albert Greenberg, James R. Hamilton, Navendu Jain, Srikanth Kandula, Changhoon
Kim, Parantap Lahiri, David A. Maltz, Parveen Patel, and Sudipta Sengupta. “VL2: A
scalable and flexible data center network”, SIGCOMM Comput. Commun. Rev. 39, 4
(Aug. 2009), 51–62, 2009.
47. Jayavardhana Gubbi, Rajkumar Buyya, Slaven Marusic, and Marimuthu Palaniswami,
“Internet of things (IoT): A vision, architectural elements, and future directions”, Fut.
Gen. Comput. Syst. 29, 7 (2013), 1645–1660, 2013.
48. Redowan Mahmud, Satish Narayana Srirama, Kotagiri Ramamohanarao, and Rajkumar
Buyya, “Quality of experience (QoE)-aware placement of applications in fog computing
environments”, J. Parallel Distrib. Comput. (2018).
49. Blesson Varghese and Rajkumar Buyya, “Next generation cloud computing: Newtrends
and research directions”, Fut. Gen. Comput. Syst. 79, 3 (2018), 849–861, 2018.
50. LanWang and Erol Gelenbe, “Adaptive dispatching of tasks in the cloud”, IEEE Trans.
Cloud Comput. 6, 1, 2018.
51. Marco A. S. Netto, Rodrigo N. Calheiros, Eduardo R. Rodrigues, Renato L. F. Cunha,
and Rajkumar Buyya, “HPC cloud for scientific and business applications: Taxonomy,
vision, and research challenges” Comput. Surv. 51, 1, Article 8, Jan. 2018.
542 J.C. Bose University of Science and Technology, YMCA, Faridabad

ISFT/2020/R/1141

A REVIEW ON SINKHOLE ATTACK DETECTION IN MANET
Laxmi, Dr. Rashmi Popli
J.C. Bose University of Science and technology, India
J.C. Bose University of Science and technology, India
loglaxmi@gmail.com,rashmimukhija@gmail.com

8377012495,9810862658
Abstract:
Mobile adhoc network are popular network used widely because of their decentralized nature.
These types of networks are endures from the sinkhole attack as there is no centralized security
management. The problems in on-going communication are considered in this. Sinkhole attack is
in MANET is important security issue. A sinkhole attack is type of the network layer attack. The
information is pulled in by sinkhole from the neighboring node and after that, it counterfeits the
steering data that makes the local area network know its way on specific node. Therefore, sinkhole
tries to attract all the network traffic to it. Therefore, it modifies the data packet or drops the data
packet mutely. One of the most severe routing attacks in adhoc network namely sinkhole attack is
discussed in this paper.

Keywords- Sinkhole attack; AODV; MANET; Ant colony Optimization; Particle Swarm
Optimization; Genetic Algorithm; Artificial neural network; DSR; OLSR; Artificial neural
network.

1. INTRODUCTION
Mobile adhoc Networks (MANET) are well known system utilized broadly because of their
dynamic nature. MANET are wireless network consists of autonomous mobile nodes. There is not
any central hub and all nodes are associated by means of distributed correspondence. All the nodes
of remote MANET are free and having the ability to take your own decisions. Dependability of the
system is significant for security criteria. MANET is temporary system of versatile nodes
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interconnected by means of remote connections without fixed infrastructure. Nodes inside
transmission scope of one another can convey information straightforwardly but the nodes, which
are outside from that range, relies on different hubs to impart. Therefore, every node can move the
information of different nodes. In light of this reason, each hub functions as a host and as a router.
In MANET's the network topology is unpredictable. Decentralized nature of the MANET makes
the system penetrable to different attacks, steering convention attack, data forwarding attack,
channel get to mischief etc. The implicit features of MANET are dynamic topology;
decentralization open medium, nodes with limited battery based energy makes them vulnerable to
various attacks. Attacks can undoubtedly enter into the system, disrupts the system activity, and
after that leave the system without being detected. All certain routing protocols in the MANET
expect that nodes will work cooperatively so even a single attacker node upsets the system
working.

1.1 Two major design approaches used by the MANET protocols:
i.

Table Driven.

ii.

Source initiative on demand.

Table-driven: Dependable routing of data between any two nodes in the system kept up utilizing
routing table, modifications and up-to-date are reflected immediately.

Source initiative on demand: Source starts this route discovery protocol when it needs a route to
the destination .This method recognize all the path opportunities and then set up a final route.
Route maintenance procedure protects this perceived route up to the target end up being
inaccessible.

1.2 Security goals of MANET:
Security is important for wired and wireless network communication. The success of MANET is
depends on how much the security is trusted. However the characteristics of MANET pose both
challenges and opportunities in achieving the security goals such as, Availability, Integrity,
Confidentiality, Authenticity, Non Repudiation, Authorization, Anonymity.[6]
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i.

Availability

ii.

Integrity

iii.

Confidentiality

iv.

Authenticity

v.

Non-Repudiation

vi.

Authorization

vii.

Anonymity

2. NETWORK LAYER SECURITY ATTACKS IN MANET
Security involves the identification of possible attacks or unauthorized access which confrontation
the confidentiality, availability and integrity of any system. Understanding possible forms of
attacks is the first step for developing the good security solutions.

2.1 Classification of attacks in MANET is - Active & Passive attack.
Active Attack: Active attacks are the attacks that are performed by the malicious nodes. Active
attacks involve some modifications of data stream or creation of false stream.
i.

Black-Hole Attack: In this attack an attacker introduces a matrix which has the zero
values for all the destinations causing all nodes around it to route packet towards it. A
malicious node sends fake routing information, claiming that it has an optimum route and
causes other good nodes to route data packets through the malicious nodes.

ii.

Sinkhole Attack: In sinkhole attack, a malicious node announces itself as the end to
receive the complete network traffic.

iii.

Replay Attack: Due to the flexibility in MANET an attacker, resend the previously
recorded packet at a later moment in time .It can be used to gain the access the data, which
was demanded by replayed packet.

iv.

Sybil Attack: In this type of attack, the attacker nodes create the aliases of themselves to
gain extravagant influence on the network.

v.

Wormhole Attack: Attackers keeps the packets from reaching the destination node by
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always tunneling the packets between malicious nodes.
vi.

Man-In-The-Middle-Attack: An attacker sites between the sender and receiver sniffs
any information being sent between two nodes. In some cases, attacker impersonates the
sender to communicate with receiver or impersonate the receiver to reply to the sender.

Passive Attack: Passive attacks are the attack that does not disrupts the proper operation of
network. Attackers only read the data between transmissions without altering it.
i.

Traffic monitoring: This attack can be used to identify the communication parties and
functionality, which could provide information to launch further attacks.

ii.

Eavesdropping: The main goal of this attack is to access some confidential information
that should be kept secret during the communication such as location, public or private key,
and password of the nodes.

iii.

Traffic analysis attack: Traffic analysis is passive type of attack used to gain information
on which node communicate with each other and how much data is processed.

3. SINK HOLE ATTACK
Sinkhole attack is one of the intrusion attacks in MANET. In this attack an attacker, send the fake
routing information claiming that it has an optimum route to destination. In this attack an attacker,
attract other nodes in the ad-hoc networks to sends data packets through this malicious node. Then,
the malicious node get access to all the traffic to aggravate the data as it wishes. Sinkhole node
alters or drops the packets silently, causing disorder in the network.
In DSR, when a node want to establish a connection and send a packet to its destination or target
node it firstly, check the available route, if route is found then connection is established. If route is
not found then the nodes generates a RREQ (Route Request) which consist of source id,
destination id, sequence number and source route. A node receives a route request the node
searches for an available route to the destination from its available route table or cache. If node
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finds an available route then a node sends a RREP (Route Reply) which contains route information
from source to the destination [8]. In this, a sequence number is used to send the RREQ Sequence
number indicates freshness of the RREQ. The sequence number is used to avoid multiple
transmissions of the same RREQ's. Every time a node generates a RREQ, it increases a sequence
number by one; higher sequence number indicates more recent RREQ. When a destination
receives a RREQ, it compares its sequence number with the previous one. If the sequence number
is higher than the previous sequence number of RREQ, it accepts the route request. Otherwise, the
RREQ is ignored.
A sinkhole node utilizes sequence number to make Bogus RREQ's. It watches the sequence
number of the target node cautiously from the RREQ of target node and creates a Bogus RREQ,
whose source ID is the target node with the higher sequence number then the sequence number of
the objective node. In view of the higher sequence number of the Bogus RREQ, a node accepting
its bogus route solicitation would consider the source route as a new route to the source.
The node learns the source route, update its route reserve and will overlooks the RREQ's from the
target node. Since the sequence number of the RREQ is not exactly the past sequence number.
From that point, when a node needs to send a data packet to the goal node they utilize the phony
route gained from a bogus request.
Fig1 Shows the Sinkhole attack. In fig1 the various mobile nodes and a single sinkhole or
malicious are given. The malicious node tries to attract all the traffic to it.
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Fig1: Sinkhole Attack

4. SOLUTIONS TO SINKHOLE ATTACK IN MANET
Different intrusion detection mechanisms in Mobile Adhoc network (MANET) have been
introduced and described by the researchers in order to detect Sinkhole attack. The various
techniques used to detect and prevent the sinkhole attack are discussed ad follows [9]:

4.1 DETECTION ALGORITHM OF SINKHOLE ATTACK FOR SHORT
ROUTE IN AODV PROTOCOL [2016]
Whenever a RREQ packet is broadcasted to one-hope neighbors, sinkhole node modifies hope
count from itself to the sink in RREQ packet. It creates an illusion of shorter route towards the
destination node but actually to malicious node. When RREP packet is generated, the updated hop
count information is added in RREP packet [5]. When source node receives RREP packet from
sinkhole malicious node and its neighboring nodes, it found shorter route through the sinkhole
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node. Node affected by sinkhole attack attracts network traffic towards itself and drops or alter the
packets. Therefore, it decreases the PDR. Fig 2 shows the flowchart of detection of sinkhole attack
for short route using AODV Protocol.

Initialize the number of nodes and define source and destination
Using AODV, find the best route from source to destination
Source sends RREQ to adjacent node
Adjacent node sends RREP to source

Middle hop is normal
node

No

If Middle hop ID
== Target
ID?

yes

Discard the packet or
RREQ

Fig2: Detection algorithm of sinkhole attack for short route in AODV
4.2 DETECTION AND PREVENTION OF SINKHOLE ATTACK IN
MANET USING PSO (PARTICLE SWARM OPTIMIZATION) [2017]
In this paper, the basic objective is to protect the ad-hoc network through sinkhole attack. The
methodology steps, which are followed to implement the proposed technique, are described in Fig
3.[2][10]

Define the deployment area and initialize the number of sinkhole and monitoring nodes
Place all the nodes in the network and analyze the movements of the nodes
Calculate the distance vector of each node from their initial position
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Detect sinkhole nodes using proposed technique

IF selected

For the prevention of attack use cryptographic technique
Analyze the performance parameter Packet Delivery Ratio, End-to-End Delay and
Computational time

Fig3: Flow chart of detection of sinkhole attack in MANET using PSO.

4.3 A COOPERATED SINKHOLE DETECTION METHOD IN CONTEXT
OF SINKHOLE INDICTOR
Sinkhole Indicator: A sinkhole indicator is detected through the examination of the RREQ. If
a node receives an RREQ whose source id is equal to the id of the receiving node, it checks the
sequence number. If the sequence number of the RREQ is greater than the current sequence
number of the node, then the node recognizes the existence of sinkhole and that this RREQ is from
the malicious node. Fig4 shows the working of sinkhole indicator to detect the sinkhole attack in
MANET.[4]
Source node needs to send RREQ (Route Request) to destination

If sequence no of RREQ <
sequence number of RREQ

Yes

previous RREQ number
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Ignores the
RREQ

No
Check the receiving node

If id of receiving node==id of
destination node

NO

Send packet

Yes
Check sequence number of RREQ

If sequence number RREQ>
current sequence number of
node

Yes

Indicates some
malicious node

Normal node sends the RREQ and the connection is
established

Fig4: Sinkhole Indicator

DETECTION PROCESS:
A sinkhole detection algorithm is activated once a node is aware that sinkhole attack is exists. Fig5
shows the detection of sinkhole attack in MANET using cooperative sinkhole detection method.
[4]
Sinkhole indicator indicates that sinkhole attack exists

Bogus RREQ discover the sinkhole path
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Nodes broadcasts a SAP (Sinkhole Alarm Packet)

When nodes receiving a Sap it rebroadcasts the SAP

Modify the sequence number of source with current sequence number received

If sequence number of Bogus
RREQ is SAP==sequence
number of previous RREQ

Yes
Node searches for the route to the source of SAP from route cache

Find the common path to send packets

Fig5: A cooperative sinkhole detection method for MANET

4.4 THE EVALUATION AND DETECTION OF SINKHOLE ATTACK BY
IMPLEMENTING GENETIC ALGORITHM IN MANET
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In this, the Genetic Algorithm is used to link the nodes and establish the network. It is a strategy for
delicate figuring which utilizes the laws of choice and advancements. The steps required during
the simulation are shown in Fig6.[1]

Define the number of nodes and simulation area of 1000m*1000m
Define the cluster heads and number of rounds to run for the network
Plot the cluster heads

Detection technique fine the node which produces the multiple copies in the
network

No
Is sinkhole attack
detected?

Parameters are evaluated
without sinkhole attack

The parameters (PDR, Throughput, and Energy Consumption) are evaluated during
the sinkhole attack.

The performance comparison of parameters are performed with and without
sinkhole attack

Fig6: Steps for evaluation of parameters with and without sinkhole attack

4.5 DETECTING SINKHOLE ATTACK IN MANET USING OLSR
ROUTING PROTOCOL WITH ARTIFICIAL INTELLIGENCE
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ABC (Ant Colony Optimization) algorithm is utilized for optimization along with OLSR routing
protocol. ANN (Artificial Neural Network) is used for the classification of the proposed work [3].
The utilization of these is for the reduction of the issue of routing protocols and decrement of the
energy uses. In Fig7 number of steps, which are followed during process are described.[7]

Start

Initialize network parameters and deploy nodes with properties

Identify source and destination
Apply Artificial Bee Colony algorithm for path and trust model development using
OLSR routing protocol

Transfer data and check network for suspects

ABC.Fitness
satisfied ?

Apply Neural Network rule set
for suspect identification. Block
suspect and run data transfer

Stop

Fig7: ABC algorithm for sinkhole attack

5. DETECTION TECHNIQUES FOR SINKHOLE ATTACK
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Sinkhole attack is very harmful attack in MANET, it is essential to detect and prevent the network
from this type of attack. The comparisons of different techniques that are used to detect and
prevent the sinkhole attack are shown in Table1.

Table1: Comparison of different sinkhole detection techniques
Paper No. Techniques
Author & Used
Year

Function of Tool
Algorithm

Parameters
Compared

Direction of
future work

1.Shubh
AODV Based
Lakshmi
Routing
Agrwal Et Algorithm
al. [2016]

To analyze NS3
and detection
of sinkhole
attack

End
to
End Simulate it in
Delay,
PDR, NS2 in terms
Routing
of Detection
Overhead
Rate, Routing
Overhead and
PDR

2.Jeewan
PSO (Particle Analyze and NS2
Jyoti Et al. Swarm
report
[2017]
Optimization)
sinkhole
attack
violation in
MANET

Packet Delivery
Ratio, End To
End
Delay,
Computational
time

Simulate
it
with
less
calculation
time
and
increasing the
PDR

3.Gisung
Sinkhole
Reduce
NS2
Kim et al. indicator, SAP, Detection
[2009]
SDP and SNP
Rate
and
Detection
Time

Detection Rate Lowering the
and
Detection network
Time
energy
consumption
and increases
the efficiency
of the model
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4.Vikas
Genetic
To
Detect MATLAB
Raina et al. Algorithm and and prevent
[2017]
AODV Protocol sinkhole
attack

5.Iqbal
ANN
Singh et al. (Artificial
[2018]
Neural
Network),
ABC(Artificial
Bee
Colony),OLSR

To
detect
sinkhole
MATLAB
attack using
AI
and
OLSR
Routing
Protocol

Delay,
PDR,
Energy
Consumption,
Throughput

Throughput,
BER,
MSE,
Delay,
Energy
consumption

Improve the
parameters i.e.
Delay, PDR.
Throughput

Using
other
routing
protocols like
DSR, AODV
and
for
optimization
different
Algorithms
like GA,PSO
are used

From the results acquired, it is seen that when the malicious node is present in the network:


It surely decreases the packet delivery to target node.



Throughput of network curtails definitely.



End to end delay decreases.

When Sinkhole Attack is overcome, it is seen that:


Packet Delivery Ratio is surely better than that sinkhole attack.



Throughput of network is increased and reaches to acceptance level.



End to end increased when compared to normal network.

6. CONCLUSION
The review paper has focused on the study of Sinkhole Attack, possibly the most representative
route poisoning attack in which detection and prevention is very important. MANET is vulnerable
to various types of attacks, as it is dependable network. It is flexible in nature and manages various
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routing protocols for transmission of packets from source to destination. In this paper, the various
attacks in MANET are studied. This study indicates that the various problems and detection
techniques of Sinkhole attack in MANET. AODV is one type of routing protocol that is less prone
to attack. Among various attacks, Sinkhole Attack is an actual threat in contradiction of AODV
protocol in MANET. It has been observed that GENETIC ALFORITHM work well by optimizing
the Sinkhole network. ABC (Artificial Bee Colony) and ANN (Artificial neural network) are
described in this study. OLSR protocol is used to discover the path from source to destination.
Therefore, various detection techniques are used to detect Sinkhole Attack but they are having
some limitations. This requires strong mechanism, which can effectively detect and prevent adhoc
network from Sinkhole Attack. Therefore, trying to develop efficient mechanism, this will
overcome the vulnerabilities of existing Sinkhole detection methods.
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Abstract
Diabetes is one of the most common diseases in recent years, and its global prevalence is growing
rapidly. Nowadays, data mining techniques are gaining increasing importance in medical diagnosis
field by their classification capability.
This paper provides review on prediction of disease based on data mining techniques and analysing
their performance. Disease diagnosis is one of the applications where data mining tools are proving
successful results. Data mining supports a lot in heathcare sector. It supports heathcare sector by
correlating demographics of patient with critical illnesses, developing better insights on symptoms
and their causes and learning how to provide proper treatment. To decrease health risks, recognition
of a disease is a very pivotal task. The prior identification of diseases helps people to prevent losses
occurred by various types of other critical diseases. Diabetes disease can be identified using various
classification algorithms. Classification algorithms and tools may reduce heavy work on doctors.
This paper focuses on the early prediction of diabetes at the early stage by the classification
algorithms namely Decision Tree, Naive Bayes, KNN (K nearest neighbors, random Forest .The
performance of the algorithms have been measured in both the cases i.e dataset with noisy data
(before pre-processing) and dataset without noisy data (after pre- processing) and compared in terms
of Accuracy.

Keywords:
Classification, Decision tree, KNN algorithm, Random Forest, Naive Bayes

Introduction
Healthcare industry today generates large amounts of complex data about patients, hospital
resources, disease diagnosis, electronic patient records, medical devices etc. Larger amounts of data
are a key resource to be processed and analyzed for knowledge extraction that enables support for
cost-savings and decision making. Data mining holds great potential for the healthcare industry to
enable health systems to systematically use data and analytics to identify inefficiencies and best
practices that improve care and reduce costs .Data mining is an algorithmic techniques for extracting
new useful patterns from collected raw data .Today, huge amount of data is produced by healthcare
industries. Data mining processes includes the hypothesis framing, data gathering, pro processing,
model estimation, model understanding and then finding the conclusions. Healthcare industries have
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data that clutches complex information about the patients and their medical conditions. Data mining
is becoming popular in various research areas due to its wide variety of applications and system of
methods used to find information that is useful in correct manner. Data mining techniques [1] have
the ability to detect hidden patterns or relationships among the objects in medical records. Data
mining techniques have been applied on medical data during the last few decades, for determining
useful trends or patterns that are used in analysis and making proper decisions. The infinite potential
of data mining is utilized for predicting the different kind of diseases more efficiently in healthcare
data. Some data mining methods used in medical field includes Association, Clustering,
Classification, etc. Knowledge Discovery (KDD) and Data Mining are two related terms and they are
used interchangeably. Knowledge Discovery in database is systematized in different stages. The first
stage is selection of data in which data is collected from different sources, the second stage is preprocessing the data that is collected, the third stage is transformation of data into suitable format for
their further processing, the fourth stage includes data mining where suitable Data Mining technique
is applied on the transformed data in order to extract valuable information and Interpretation is the
final stage. The process of retrieving high-level knowledge from base level data can be considered as
knowledge discovery in database

II Background
In this section of paper, we shall discuss data mining and some of the data mining methods.

A. Data mining
Data mining refers to extracting or ―mining knowledge from large amounts of data [1]. Data mining
is a method of extracting required data from the large amount of data, where data can be stored in
huge databases. Data mining is process of analysing data to gather the information from large
amount of data. The main goal of data mining process is to extract information from large amount of
data and to translate raw data into meaning full information. Data Mining helps to identify patterns
among data. Data mining techniques are widely useful in different fields like games, business,
medical diagnosis, science & engineering and many more. Data mining task includes different
techniques from different disciplines such as statistics, machine learning, pattern recognition and
many more. Different functionalities of data mining includes discovery of patterns, association,
correlations, prediction, classification, clustering, trend analysis and many more. Data mining task
also includes decision support system for more accurate prediction. Data mining technology uses
different data mining methods for decision making and mining the data.

B. Data mining methods
Decision tree J48
Decision tree is possibly the most popular data mining technique. Decision tree is one of most
important classifier which is easy and simple to implement. Decision tree uses a decision tree as a
predictive model used in data mining. In this research, decision tree is used to predict disease from
patient’s data along with classification technique. Decision trees are quick to construct and easy to
interpret. Prediction based on decision trees is well ordered. It handles the huge amount of extent
data.
The J48 Decision tree classifier follows the simple algorithm shown below. In order to classify a
New item, it first needs to create a decision tree based on the attribute values of the available training
data. The Pseudo code of J48:
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1) Check for base cases
2) For each attribute a
a) It checks for normalized information gain on a.
3) Amount the best information gain of the attribute a_best it selects the attribute which has highes
information gain.
4) It creates a decision node with that attribute.
5) This process is repeated with sub list of the nodes and added to its child node.

Naive Bayes Classifier
Naive Bayes is a classification technique with a notion which defines all features are independent
and unrelated to each other. It defines that status of a specific feature in a class does not affect the
status of another feature. Since it is based on conditional probability it is considered as a powerful
algorithm employed for classification purpose. It works well for the data with unbalancing problems
and missing values. Naive Bayes classifier which employs the Bayes Theorem. Using Bayes
theorem posterior probability P (C|X) can be calculated from P(C),P(X) and P(X|C) .Therefore,
P(C|X) = (P(X|C) P(C))/P(X) Where,
P(C|X) = target class’s posterior probability .
P(X|C) = predictor class’s probability.
P(C) = class C’s probability being true.
P(X) = predictor’s prior probability.
K-nearest neighbour (KNN)
KNN is known with different names are Instance-Based Learning, K-Nearest Neighbors, Lazy
Learning, Memory- Based Reasoning. It is the foremost classification technique which never knows
about the previous knowledge regarding distribution of data. Role of KNN in data mining
Web mining is a significant concern in data mining as well as other information process techniques
to discover useful patterns. KNN is used to categorize and classified the documents present on the
web. KNN has been applied successfully in mining the vital information regarding stock market
which includes revealing the market trends, planning investment policies, discovering the best time
to purchase the stocks, etc.
Support vector machine (SVM)
A SVM training algorithm SVM has become famous because it gives precision comparable to classy
neural networks with elaborated features in a handwriting recognition task. SVMs are among the best
off-the-shelf supervised learning algorithm where the core is a quadratic programming problem
(QP), in order to separate the support vectors from the rest of the training data.
Performance Evaluation
In this section, a number of measures for assessing how good or how accurate a classifier is at
predicting the class label of tuples will be introduced
1) Accuracy, sensitivity and specificity: Firstly, there are four additional terms we need to know that
are used in computing many evaluation measures.
a) True positives (TP): The positive tuples that were correctly labeled by the classifier.
b) True negatives (TN): The negative tuples that were correctly labeled by the classifier.
c) False positives (FP): The negative tuples that were incorrectly labeled as positive.
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d) False negatives (FN): The positive tuples that were mislabeled as negative.
In this study, the following equations are used to measure the accuracy, sensitivity and specificity
Accuracy = TP +TN / TP+TN +FP+F

III Literature Review
Various research works has been done by different researchers to identify diabetes disease. A brief
overview about the related work in the field of diabetes disease identification by various researchers
is as follows:
3.1 The author Deepti Sisodia & Dilip Singh Sisodia[1] discussed about the different techniques used
for prediction of disease were studied and evaluated a on different measures . The motive of this
study is to design a model which can prognosticate the likelihood of diabetes in patients with
maximum accuracy. Therefore three machine learning classification algorithms namely Decision
Tree, SVM and Naive Bayes are used in this experiment to detect diabetes at an early stage.
Experiments are performed on Pima Indians Diabetes Database (PIDD. The performances of all the
three algorithms are evaluated on various measures like Precision, Accuracy, F-Measure, and Recall.
Accuracy is measured over correctly and incorrectly classified instances. Results obtained show
Naive Bayes outperforms with the highest accuracy of 76.30% comparatively other. During this
work, three machine learning classification algorithms are studied and evaluated on various
measures. Experiments are performed on Pima Indians Diabetes Database. Experimental results
determine the adequacy of the designed system with an achieved accuracy of 76.30 % using the
Naive Bayes classification algorithm. In future, the designed system with the used machine learning
classification algorithms can be used to predict or diagnose other diseases.

Diabetes
patient
dataset

Pre process
data

Applied
classification
algorithm
Naïve byes

Performance Evolution by
various Measures

Support vector
machine
Decision tree

Results
Comparative analysis
based on Accuracy
Fig. 1. Proposed Model Diagram
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The performances of all the three algorithms are evaluated on various measures like Precision,
Accuracy, F-Measure, and Recall. Accuracy is measured over correctly and incorrectly classified
instances. Results obtained show Naive Bayes outperforms with the highest accuracy of 76.30%
comparatively other. During this work, three machine learning classification algorithms are studied
and evaluated on various measures. Experiments are performed on Pima Indians Diabetes Database.
Experimental results determine the adequacy of the designed system with an achieved accuracy of
76.30 % using the Naive Bayes classification algorithm. In future, the designed system with the used
machine learning classification algorithms can be used to predict or diagnose other diseases.
32. The author J Pradeep Kandhasamy & S.Balamurali [2]. The main aim of this study is to compare
the performance of algorithms those are used to predict diabetes using data mining techniques. We
compare classifiers (J48 Decision Tree, K-Nearest Neighbours, and Random Forest, Support Vector
Machines) to classify patient with diabetes mellitus. These approaches have been tested with data
samples downloaded from UCI machine learning data repository. The performances of the
algorithms have been measured in both the cases i.e dataset with noisy data (before pre-processing)
and dataset set without noisy data (after pre-processing) and in terms of Accuracy, Sensitivity, and
Specificity .We have compared four prediction models for predicting diabetes mellitus . One is
before pre-processing the dataset. Here the studies conclude that the decision tree J48 classifier
achieves higher accuracy of 73.82 % than other three classifiers. In other case that is after preprocessing the dataset we have more accurate result when compared to the first study. In this case,
both KNN (k=1) and Random Forest performance much better than the other three classifiers and
they provide 100% accuracy. From this we can come to know that after removing the noisy data
from our dataset it will provide good result for our problems.
3.2 The author Wenqian Chen, Shuyu Chen, Hancui Zhang [3], a hybrid prediction model is
proposed to help the diagnosis of Type 2 diabetes. In the proposed model, K-means is used for data
reduction with J48 decision tree as a classifier for classification. In order to get the experimental
result, we used the Pima Indians Diabetes Dataset from UCI Machine Learning Repository. The
result shows that the proposed model has reached better accuracy it is clear to see the proposed
model obtains quite promising results in classifying the possible Type 2 diabetes patients. With the
rapidly growing demand for medical data analysis, the proposed model can be fairly useful to the
researchers and doctors for their decision-making on the patients as by using such an efficient model
they can make more accurate decisions.
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Performance
evaluation

Fig 2. Block diagram of the proposed model

3.3 The author Panwar, Madhuri and Acharyya, Amit and Shafik, Rishad A and Biswas, Dwaipayan
[4] aimed to improve the diagnosis accuracy we have proposed a new methodology, based on novel
pre processing techniques, and K-nearest neighbor classifier. The effectiveness of the proposed
methodology is validated with the help of various quantitative metrics and a comparative analysis,
with previously reported studies using the same UCI dataset focusing on pima diabetes disease
diagnosis. This is the first work of its kind, where 100% classification accuracy is achieved by
feature reduction from eight to two that shows the out performance of the proposed methodology
over existing methods.

Input

Output

Dataset
Non Diabetic

Diabetic

Pattern Matching

Attribute Checking
KNN Classifier
PCA

Fig. 3. Flow Chart and Block Diagram of Proposed Methodology for Diabetes Diagnoses

3.4 The author Gunasekar Thangarasu [5] Clinical databases are widely utilized by the numerous
researchers for predicting different diseases. The current diabetes diagnosis methods are carried out
based on the impact of various medical test and the results of physical examination. The new and
564 J.C. Bose University of Science and Technology, YMCA, Faridabad

innovative prediction methods are projected in this research to identify the diabetic disease, its types
and complications from the clinical database in an efficiently and an economically faster manner The
proposed methodology aims to avoid the patients from undergoing blood tests, checking diastolic
and systolic blood pressure etc. thus creating a user friendly environment without the need for a
doctor or a hospital staff. The inputs designed are based on the symptoms which could appear during
the early stages of diabetes and based on the physical condition of the individual. The vision of this
research is to identify and develop methods and procedures that assist medical practitioners in an
efficient way for people to attain longer life in this world.

COMPARISION OF DIFFERENT ALGORITHMS:
Table I shows the comparison of various algorithms there, advantages and disadvantages

TECHNIQUES PURPOSE TO
USED
USE
Decision tree

•

Decision tree
algorithms
used to build
tree, if – then
–else rules to
classify the
data items

ADVANTAGES


Some tolerance to
correlated inputs
A single tree is
highly interpretable
Can handle missing
values
Able to handle both
numerical
and
categorical data
Performs well with
large datasets






Simple to implement
Great computational
efficiency
a



The precision of algorithm
decreases if the amount of
data is less



It predicts accurate
results for most of
the classification and
prediction
and
prediction prediction
problems



For obtaining good results
it requires a vey large
number of records






Naïve Bayes
Algorithm

•

It works on
probabilistic
representation
of attribute
values

DISADVANTAGES






Can work on linear
combinations of features
Relatively less predicative
in many situations
Practical decision tree
learning algorithms cannot
guarantee to return the
globally optimal
Decision tree can lead to
over fitting
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K Nearest
neighbour
Algorithm

•


It is a
distance based
algorithm




Support vector
machine



Classes need
not be linearly
separable
Zero cost of the
learning process
Sometimes it is
robust with regard
to noisy training
data

It is used for
 High accuracy
classification
Work well even if
and regression data is not
problems
linearly separable in the
base features space










Time to find the
nearest Neighbors in
the large training data
set can be excessive
It is sensitive to noisy
or irrelevant data
Performance
of
algorithm depends on the
number of dimension
used
Speed and size
requirement both in
training and testing is
more
High complexity and
extensive memory
requirements for
classification in
many classes

V Conclusion
The objective of this paper is to prevent the disease at early stage by predicting the symptoms of
diabetes using several methods. The main aim of this study is to compare the performance of
algorithms those are used to predict Diabetes using data mining techniques. The performance of the
algorithms will be measured. From the study it will be observed that data mining techniques gives
best performance and executes faster. Here, different techniques have been used to predict the
disease so, that a proper treatment will be provided to the patient. The performances of all the three
algorithms are evaluated on various measures like Precision, Accuracy, F-Measure, and Recall.
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Abstract
Chronic Kidney disease (CKD) is also known as chronic nephritic sickness. It defines constraints
which affects your kidneys and reduces your potential to stay healthy. Predictive analytics for
healthcare using machine learning is a challenged task to help doctors decide the exact treatment
for saving lives. Early prediction and proper treatments can possibly stop, or slow the
progression of this chronic disease to end-stage, where dialysis or kidney transplantation is the
only way to save patient’s life. In this paper, the ability of several machine learning methods for
early prediction of chronic kidney disease has been discussed. There are Four machine learning
methods are explored including K-nearest neighbors (KNN), support vector machine (SVM),
logistic regression (LR), and decision tree classifiers. In this research paper, the effects of using
clinical features to classify patients with chronic kidney disease by using support vector
machines algorithm is investigated.

Keywords
Chronic Kidney diseases (CKD), Predictive Analytics, Prediction algorithms and technique,
Machine learning algorithms.

Introduction
Chronic Kidney Disease (CKD) is a major public health concern with rising prevalence. Kidney
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disease is when the kidneys are damaged and could not filter the blood properly. This damage
could cause the wastes to build up in the body. Machine learning is a programming model which
allows to a machine to learn from examples and experience, and based on experience evaluate
patterns that are useful for future. Different machine learning techniques for predicting the
chronic kidney disease using clinical data have been described. Four machine learning methods
are explored including K-nearest neighbors (KNN), support vector machine (SVM), logistic
regression (LR), and decision tree classifiers. These predictive models are constructed from
chronic kidney disease dataset [1] and the performance of these models are compared together in
order to select the best classifier for predicting the chronic kidney disease. The performance of
the methods is measured by sensitivity, specificity and accuracy. There are four performance
measures to evaluate the classification, namely: testing accuracy, precision, recall, and f-measure
has been used.
The rest of this review paper is organized as follow. Section II Background provides introduction
of machine learning and predictive analytics in healthcare. Section III presents detailed literature
review of machine learning model in health diseases prediction. Section IV gives a brief
comparison of reviewed papers based on some parameters. Section V concludes the papers.

II. Background
MACHINE LEARNING
Machine learning is a programming model which allows to a machine to learn from examples
and experience, and based on experience evaluate patterns that are useful for future. Machine
learning algorithms use to develop a mathematical model based on sample dataset, known as
training dataset that are used to make decisions without explicit programming[2].
MACHINE LEARNING ALGORITHMS
There are many algorithms in machine learning and they are classified into three broad
categories, depending on the nature of the learning. The process of selecting a machine learning
algorithm involves matching the features of the data to be learned to the biases of the existing
approaches. Machine learning algorithms can be divided into two key groups: supervised
learning is used to construct predictive models, and unsupervised learning is used for to build
descriptive models.
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Fig1. Type of Machine Learning Model
SUPERVISED LEARNING
Supervised learning algorithms takes a known set of input data and known responses to the data
(output), and trains a model to generate realistic predictions for the response to new data.
Different supervised algorithms are:1) K-nearest neighbors
K-nearest neighbors (KNN) is the classification method for classifying unknown examples by
searching the closet data in pattern space [3].
2) Support Vector Machine
For the classification problem, the support vector machine (SVM) is the popular data mining
method used to predict the category of data [4]. The main idea of SVM is to find the optimal
hyper plane between data of two classes in the training data [5].
3) Decision Tree
Decision tree is the classification method frequently used in data mining task [6]. A decision tree
is a structure that includes a root node, branches and leaf nodes. It divides the data into classes
based on the attributes value found in training sample.
4) Naive Bayes Classifier
It uses a probabilistic model by determining probabilities of the outcomes/outputs. It is used in
analytical and predictive problems. Naive bayes is robust to noise in input dataset.
UNSUPERVISED LEARNING
In unsupervised learning the output is unknown and model is trained by using unlabeled dataset.
It is mostly used for pattern detection and descriptive modeling. It involves clustering and
association problems.
SEMI SUPERVISED LEARNING
Semi Supervised learning uses both labeled and unlabeled data for training. Methods such as
classification, regression and prediction are using this type of learning.
REINFORCEMENT LEARNING (RL)
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The main focus of reinforcement learning is to gather the information from the environment to
take actions which increase the rewards and decrease the risk.
MACHINE LEARNING ROLE IN PREDICTION
Machine learning is provided with effective algorithms, applications, and frameworks to attain
greater predictive accuracy and value to enterprises. Machine learning methodologies are
intended to find out the chance to optimize the decisions, based on predictive value of large-scale
data sets. It is evidencing to be effective at handling predictive tasks including defining which
behaviors have the maximum tendency to drive preferred outcomes.
PREDICTIVE ANALYTICS IN HEALTHCARE
The aim of predictive analytics is to diagnosing the diseases accurately, enhanced the
performance of patient care, resource optimization and also improve clinical outcomes.
Predictive Analytics helps organizations to prepare for the health care by optimizing the cost
[10]. The accomplishment of predictive analytics in this industry is likely to provide proficient
outcome by improving the service quality. Predictive Analytics have the future to transform the
health care industry.

III. Literature review
3.1 Anusorn Charleonnan et.al[7]. proposed machine learning techniques for predicting the
chronic kidney disease using clinical data. Four machine learning methods are explored
including K-nearest neighbors (KNN), support vector machine (SVM), logistic regression (LR),
and decision tree classifiers. These predictive models are constructed from chronic kidney
disease dataset and the performance of these models are compared together in order to select the
best classifier for predicting the chronic kidney disease.
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Fig 2. The process of creating the model to predict the case of chronic kidney disease.

In this paper, the performance of the proposed method is measured by sensitivity, specificity and
accuracy. It can be seen that SVM classifier gives the highest accuracy. SVM has highest sensitivity after
training and testing by the proposed method. Therefore, it can be concluded that SVM classifier is
appropriated for predicting the chronic kidney disease.

3.2 Reem A. Alassaf et. al[8]. aims to decrease the number of patients and the expenses needed
for treatment by preemptively diagnosing chronic kidney disease accurately using data mining
and machine learning techniques. Here, different techniques have been used to predict the kidney
disease like: SVM, naïve Bayes, ANN etc. The study uses four performance measures to
evaluate the classification, namely: testing accuracy, precision, recall, and f-measure. In this
study, Saudi medical records were investigated for the first time in the process of diagnosing
CKD using machine learning techniques. Precision, recall, and f-measure achieved by the
classifier. ANN, SVM, and NB all achieved an accuracy of 98% while k-NN achieved an
accuracy of 93.9%.
3.3 Ahmed J. Aljaaf et.al [9]. proposed the ability of several machine-learning methods for early

prediction of Chronic Kidney Disease. Here, methodologies being used the use of predictive
analytics, in which examination of the relationship in between data parameters as well as with
the target class attribute has been described. Predictive analytics enables us to introduce the
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optimal subset of parameters to feed machine learning to build a set of predictive models. In this
paper, predictive analytics methods to examine relevance of input parameters to class attribute,
as well as association between parameters themselves. This is a fundamental point toward an effective
and valid prediction of CKD. Parameters derived from blood tests, Parameters derived from urine tests
being used for analysis.

Start with 24
parameters

Ignore 5 parameters
with incomplete cases

Others

Ignore 5 parameters as
redundent

Others

Ignore parameter

Final subset

Fig. 3: Parameters selection procedure
3.4 Yedilkhan Amirgaliyev et.al [10]. described the early detection strategy of the disease
remains important, particularly in developing countries, where the diseases are generally
diagnosed in late stages. Finding a solution for above-mentioned problems and riding out from
disadvantages became a strong motive to conduct this study. In this research study, the effects of
using clinical features to classify patients with chronic kidney disease by using support vector
machines algorithm is investigated. The chronic kidney disease dataset is based on clinical
history, physical examinations, and laboratory tests. In this study, automatic classification
algorithm for kidney disease diagnosis based on clinical history, physical examinations, and
laboratory tests, which are noninvasive, cheap and save, have been proposed. The performance
measures of SVM classifier with linear kernels have been evaluated in order to find the best
scores for sensitivity, specificity, and accuracy metrics. Experimental results showed that
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properly implemented classifier can reach the overall performance of 94.602%. The sensitivity
value of SVM classifier with a linear kernel is 93.100%.

IV.COMPARISON TABLE

Used
Model/algorithm

Purpose to
used

Advantage

Disadvantage

Support Vector
Machine

Used for
classification and
regression
problem.

SVM is relatively memory
efficient and more effective
in high dimensional spaces.

Difficult to handle
large dataset and does
not perform very well,
when the data set has
more noise.

K-means Nearest
Neighbor

Used for
statistical
estimation and
pattern
recognition.
Used for predicts
membership
probabilities for
each class.

It allows the algorithm to
respond quickly to changes
in the input during realtime use.

Does not work well
with large dataset and
high dimensions.

Handles real and discrete
data.

Naïve Bayes classifier
makes a very strong
assumption on the
shape of your data
distribution.

Used in operation
research
specifically in
decision analysis,
to help identify a
strategy most
likely to reach a
goal.
Used for predict
discrete
functions.

Decision tree requires less
effort for data preparation
during pre-processing.

A small change in the
data can cause a large
change in the structure
of the decision tree
causing instability.

LR performs well when the
dataset is linearly
separable.

If the No of
observations are lesser
than the no of features,
LR should not used.

Naïve Bayes

Decision Tree

Logistic Regression

V. CONCLUSION
The objective of this paper is to prevent the disease at early stage by predicting the symptoms of
chronic kidney diseases using several methods. The main aim of this study is to compare the
performance of algorithms those are used to predict chronic kidney disease using machine
learning techniques. The performance of the algorithms will be measured. From the study it will
be observed that machine learning techniques gives best performance and executes faster. Here,
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different techniques have been used to predict the disease so, that a proper treatment will be
provided to the patient.
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Abstract
Credit card fraud is a wide-ranging term for theft and fraud devoted using, or imply a payment
asset, such as a credit card or debit card, as a fraudulent source of funds in a transaction. Credit
card fraud is a billion dollar business and has been expanding exponentially on yearly basis,
which results in incredible loss to organization. In this paper we describe a various technique of
machine learning such as supervised and unsupervised techniques used in credit card fraud
detection . Various techniques such as logistic regression, K-nearest Neighbours method (KNN),
random forest, support vector machine ,decision tree has been used by various researchers. The
aim of this paper is to describe the techniques devised in this domain and provide a complete
review of different techniques to detect credit card fraud.

Keywords
credit card, fraud detection, machine learning ,data mining, supervised learning, unsupervised
learning , classfication, imblance dataset, Sampling

Introduction
Due to ease of use and money obtain option, credit cards is being used as a payment device by
both online and offline buyers in a big way. however, this convenience has come with its own
share of trouble too. Credit card based transaction have become a major liable target for
offender, hackers and executioner .Online use of credit card requires only the card information to
be entered and not present the card substantially. Credit card fraud is raise day by day every year
on a huge scale, which results in great loss to association. According to pwc global financial
survey one of every three association faces financial fraud which results in huge loss to an
association .the number of credit cards used for the purposes of budgetary and digital transaction
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is on the rise and thus there is a rise in amount of credit card fraud. Thus major services
providers are concerned with detection and prevention
Components of Credit Card Fraud .The term credit card fraud is generally used to allude to
the use of a credit card, debit card, or any comparative form of credit, to make purchases, or to
obtain financial profit with the intention of avoiding payment. This incorporates data fraud,
identity assumption, and extortion binge. According to the law, certain elements are required for
a financial or identity theft crime to be classified as a form of credit card fraud. These include:
1 Credit Card Theft: the taking of a credit card, or credit card number, from another person,
without the cardholder’s assent with the purpose of utilizing or selling it
.2 Credit Card Forgery: the purchasing of something of value using a credit card, by someone
other than the cardholder, or an legitimate user, with the intent of deceive the card’s issuer.
3 Credit Card Fraud: the taking of a credit card, or credit card number, from another person with
the intent to use, sell, or transfer it to another person, or using the credit card or card number to
purchase something of value, with the intent to deceive.
Card holder, issuing bank as well as dealer all three become casualties of a credit card fraud, as it
is one of them who needs to endure the load of extortion .commonly, it is duty of card holder to
detect the fraud and report fraudulent transactions to the issuing bank. The bank then examines
the issue and if proof of fraud is found then the process for reversing the credit for the transaction
is admitted. This process is non-real time and has no assurance of successfully resolving the
issue. Fraud Detection Systems (FDS) are computerized machine learning based solutions that
credit card companies employ to recognize the fraudulent transactions even before end users
feedback. Objective of such a system is to recognize the fraudulent transaction before it is
committed to the database and thus prevent the fraud from taking place. An ideal FDS should
also minimize the false detection where a certifiable transaction is intruded causing
inconvenience to the end-user.
Credit card dataset is highly imbalanced dataset because it carries more authentic, transaction as
compared to the fraudulent one .that means prediction will get very high accuracy score without
detecting a fraud transaction The fraud cases have to be detected from the available large data
sets such as the logged data, and user behaviour. At that time, fraud detection has been
implemented by a various methods such as data mining, statistics, and artificial intelligence.
Fraud is originated from anomalies in data and patterns. In this paper, we use different machine
learning technique and compare them. Fraud detection occurs in different levels, concerning time
expired from the occurrence of the single transaction as shown in figure 1,first level is automated
card validation, which is perform in real time, for the benefit of user satisfaction. If card is not
rejected, transaction goes to second level denoted as predictive model.
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Automated Check

Online
Purchase

Correct card
information

Yes/No

Predictive Model

Feedback

!

Card Holder

Investigators

Alert

Figure 1 Typical Credit card Fraud detection Scenario

Related Work
Tanupriya Choudhary [1] proposed a model to predict whether the credit card is fraudulent or
not .A dataset used is highly imblanced . which is very common and important problem in data
mining , it used over sampling data techniques to improve our model and compare results it
compared three machine learning algorithim with three different balancing methods on the basis
of ROC values ,it has successfully trained model to predict whether a credit card is fraudulent or
not. Sampling is a method to deal with imbalanced data and it is widely used to change an
imbalanced dataset into a balanced .the data is divided into half for training and testing our
models and also used sampling method to train our model and compare their results. it also
compared the performance of different machine learning algorithims on both balanced and
imbalanced data and reviewed the topic of classification problem with imbalanced data.if the
outcome is positive ,then the credit card is legit.if the outcome is negative ,then the credit card is
fraud
Fabrizio Carcillo [2] proposed the implementation of a hybrid approach that makes use of
unsupervised outlier scores to extend the features set of a fraud detection classifier.. in this
unsupervised learning techniques can help the fraud detection systems to find anomalies .it
present a hybrid techniques that combined supervised and unsupervised techniques to improve
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the fraud detection accuracy .unsupervised outlier scores, computed at different levels of
granularity are compared and tested on a real annoted Credit card fraud detection aims to decide
whether or not a transcation is fraudulent on the basis of historical data.the author investagate
supervised, unsupervised and semi supervised.Supervised techniques rely on the set of past
transication for which the label of the transcation is known .it based on past transcation.
unsupervised outlier detection techniques do not require knowledge of the label of transcation
and aim at characterizing the data distribution of transcations. the two approaches are combined
in the semi supervised technique
There are two method to detect the outlier scores .Multivariate and principal component
analysis(PCA).several metrics have been proposed in the literature to measure the quality of
detection.it is the implementation and assessment of different levels of granularity for definition
of an outlier scores.the granularity in question ranges from the card level to the global level .it is
intermediate levels of card aggeregation through clustering.the result are not convincing in term
of global and local approaches. a more promosing outcome is obtained through the cluster
approach .it uses augmented dataset with too many scores be determine due to overfitting and
variance issues
Sahil Dhankhad[3] proposed to delineate hidden patterns and use them to support informed
decisions in a variety of situations.Credit card fraud has highly imblanced publicly available
datasets.we apply many supervised machine learning algorithms to detect credit card fraudulent
transcations using a real world dataset.credit card dataset is highly imbalanced dataset because it
carries more legitimate transcations as compared to the fraudulent one .that means prediction will
get very high accuracy score without detecting a fraud transcation.to handle this kind of problem
one better way is to class distribution i.e sampling minorityclasses. In sampling minority class
training examples can be increased in proportion to the majority class to raise the chance of
correct prediction by the algorithim.
We apply supervised learning method on the real –world dataset. we used 70% of the data is used
for training and 30% used for the testing set. data was balanced by using an under-sampling
techniques.so we used Accuracy ,FI-Score,Recall,Precision ,G-Mean,FPR,TRP and specificity
are used to compare the models.the result of all the purposed models were superior in overall
performance.overall results show that stacking classifier which is used LR as meta classifier is
most promosing for predicting fraud transcation in the dataset ,followed by the random forest .
N.Malini [4] proposed an efficient method of fraud detection has become a need for all banks in
order to minimize chaos and bring order in place .the best solution for the fraud detection
problem can be optimized by the KNN algorithim and outlier detection method. These
approaches are proved to minimize the false alarm rates and increase the fraud detection
rate.Classification generally performed on the two approaches namely: statistical and structural .
Statistical classification is performed on characterizations of patterns which are generated using
probabilistic system; whereas structural classification . KNN is used widely for finding the final
results obtained in ranking the research methodology. In this we investigate credit card fraud
using KNN algorithm and outlier detection method. Supervised classifications are a process in
which we gather the information of interest from the dataset and consider it as training data. The
statistical classification of each training set is obtained. After the statistical classification is
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performed the best match from the training data is considered and the class it resembles is
chosen. In unsupervised classification, large dataset is considered and divided into several parts
or groups based on the natural grouping present in the dataset. Unsupervised classification does
not require any labeling of data.
Maja Puh [5] proposed state-of-the-art solutions for outlined main issues in the CCFD(content
credit fraud detection).using the only publicly available dataset suitable for the CCFD we have
implemented, and measured performance of three selected ML algorithms: Random Forest,
support Vector machine and Logistic Regression. The selected algorithms in CCFD belong to the
most often used machine learning algorithms in CCFD. It uses two approaches (i) static and (ii)
incremental. Static training approach is not a long-term solution, it investigates incremental
learning on more realistic dataset. The performance of the technique is evaluated based on
commonly acceptance metric: precision and recall.
Sangeeta Mittal [6] Proposed a credit card fraud detection is a peculiar classification problem
due to a very high imbalance in instances of normal and fraudulent transactions. A number of
popular algorithms in supervised,ensemble and unsupervised categories were evaluated on
different metrics. It is concluded that unsupervised machine learning algorithm handle the data
set skwness in better ways and give classification results.

Comparison study
Different methods and techniques related to this have been studied in the previous section. In this
section, a detailed comparative study of those methods has been presented and is tabulated in
Table 1.

Table 1: Comparative study of Different Fraud Detection Algorithms
Year
2017
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Techniques
Random Tree

Advantage
It can handle
thousands
of
input variables
without
variable
deletion

Disadvantage
It is overfit for
classification and
regression
tasks
with noisy dataset

Uses
It is an essemble
method classifier
combines various
predictors
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that
tree

2017

2017

2017

2018
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Artificial
Neural
Network

This method is
able
of
detecting
the
fraudulent
activity
at the time of
transaction.

1. The number of
parameters is to be
set before the
training is initiated.
No rules as such are
in place to
set the parameters.
2. The network
depends on the
interconnection
between
the
neurons. Till date
there
are
no
approach
to
determine
the
optimal
topology
for a given problem.
Hidden
1.This method 1. It can’t detect the
Markov
is
able
to fraud in initial few
Model.
detecting
the transactions
fraudulent
activity
at the time of
transaction.
2.The
HMM
based models
decreased the
False Positive
transactions
detect as fraud
though they are
really genuine
customer.
Support vector This techinque 1.Sometimes it fails
machine
is able to detet to detect fraud
the fraudulent cases.
activity
at the time of
transaction.
K-Nearest
There is no 1. The accuracy and
Neighbor
requirement of performance of the
Algorithm
predictive
method depends on
model before
the
classification.
measure of distance.

ANNs are Feed-Forward
Neural Networks (NN)
that use
the backpropagation algorithm for
training

It is used for temporal
pattern recognition such
as speech, handwriting,
gesture.

SVM are used for
supervised
learning
where the data is linearly
classified
and analyzed
1.it stores all available
instances.
2.Based on similarity
measures new instances
are classified.
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2018

Naïve Bayes

2018

Logistic
Regression

2018

Decision Tree

2. It can’t detect the
falls at the time of
transaction
1.High
1.Excessive training It based on Bayesian
theory that selects the
Processing and need
decision based
detection
2.expensive
on conditional pro
speed.
bability
2.high accuracy
1.It produces a 1.It can’t be applied LR finds the
best fit parameter to
simple
on non-linear data.
the
probability
2.It is not able to approximate
probability
of
the
binary
formula
for handling
fraud
classification.
detection at the time response based on one or
more features
2.In credit card of transaction
fraud detection
LR work with
linear data
This technique
can handle nonlinear data as
well.

1.
It
involves It is a computational tool
complex algorithm for classification and
prediction
and even a little
change in the data
can
divert
the
structure of the
tree.
Choosing
parting criteria is
also complex.
2. It can’t detect
fraud at the time of
transaction

Conclusion
Fraud detection predicts the credit card fault using a machine learning technique. Machine
learning is having numerous applications in several domains like Bank, online payment, Ecommerce website, etc. Some authors proposed a Logistic Regression for best fit parameter to
estimate the probability of the binary while some authors focused on Decision tree, K-Nearest
Neighbor Algorithm, Artificial Neural Network, Support vector machine. Each of the methods
having its pros and cons has been tabulated and can be used to accomplish searching tasks more
efficiently through Machine Learning techniques.
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Abstract:A MANET is a gathering of self-arranged node connected with wireless connections. Every
node of a mobile ad hoc network goes about as a router and discovers an appropriate route to
forward a packet from source to destination. This network is relevant in regions where
establishment of framework is not possible, such as in the military condition. Alongside the
military environment MANET is used in the civilian environment like as sports stadiums,
meeting room. The effect of this attack has been demonstrated to be adverse to network
execution, bringing down the packet delivery ratio and significantly increasing the end-toend delay. This research is based on detection and prevention action of wormhole attacks in
AODV.

Keywords---MANET, Wormhole attack, AODV, Use Detection Techniques

1.INTRODUCTION
Mobile Adhoc Network (MANET): also called as wireless ad hoc network or ad hoc
wireless network that normally has a routable systems administration condition over a
connection layer. MANET work without any fixed infrastructure and each node in the
network behaves as a router in order to transmit data towards the destination. MANET is
more accessible to routing attacks as compared to other networks. In MANET each node
behaves as a sender, receiver and router which are connected directly with one another if they
are within range of communication or else will depend on intermediate node if nodes are not
in the nearness of each other. All the nodes of remote MANET are free and having the ability
to take your own decisions. Dependability of the system is significant for security criteria.
MANET is temporary system of versatile nodes interconnected by means of remote
connections without fixed infrastructure. The first attribute of MANET include dynamic
topology, and limited resources. MANETs can be used for many soldiers, and in oceans for
extracting and communicating critical information etc. MANETs can be create as a type of
Wireless ad hoc network which generally has a routable networking environment built on top
of a Link Layer ad hoc network. MANET has many advantages and offers the ease of
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establish, however its own specific feature pose a serious challenge for security solutions and
leaves it vulnerable to a wide array of problem. A part of the problem stems from the fact that
many of the protocol used in MANETs do not consider security. Decentralized nature of the
MANET make the system penetrable to different attacks, steering convention attack, data
forwarding attack, channel get to mischief etc. The implicit features of MANET are dynamic
topology, decentralized open medium, nodes with limited battery based energy makes them
vulnerable to various attacks. Attacks can undoubtedly enter into the system, disrupts the
system activity, and after that leave the system without being detected.

1.1 Security Problems in MANETS:
Security in MANET is a very complex job and requires considerations on the issues spanning
across all the layers of communication stack. It provides an updated account of the security
solutions for MANET with detailed discussions on secure routing, intrusion detection system
and key management problems.
•

Open media

•

Routing protocol don't have any security component

• Inaccessibility of central organizer.
1.2 Security goals of MANET:
The goals of security mechanism of MANETs are similar to that of other networks. Security
is a great issue in network especially in MANETs where security attacks can affect the
nodes limited resources and consume them or waste the time before rote chain broke.
i.

Availability

ii.

Integrity

iii.

Confidentiality

iv.

Authenticity

v.

Non-Repudiation

vi.

Authorization

2. NETWORK LAYER SECURITY ATTACK IN MANET
Security includes the identification of possible attacks or unauthorized access which
confrontation the confidentiality, availability and integrity of any system. Understanding
possible forms of attacks is the first step for developing the good security solutions.
Attacks in MANET can be classified as following:
585 J.C. Bose University of Science and Technology, YMCA, Faridabad

2.1 Active Attack:- Attacker attempt to change or modify the data being exchanged in the
system. In active attack the intruders can adjust the packet, inject the packets, drop the packet,
or it can be utilize the different element of the system .An Active attack endeavors to adjust
framework assets or impact their tasks. Active attack include some change of the data stream
or false stream. These attacks are very dangerous for our network.
i.

Black Hole Attack:-It refer to places in the network where incoming or
outgoing traffic is silently discarded (or "dropped"), without informing the source that
the data did not reach its intended recipient. A malicious node sends fake routing data,
claiming that it has an optimum route and causes other good nodes to route data
packets through the malicious node.

ii.

Sink Hole Attack:-In sinkhole attack a malicious node announces itself as the end to
receive the complete network traffic.

iii.

Replay Attack: Due to flexibility in MANET's an attacker resends the previously
recorded packet at a later moment in time. An attacker in replay attack misuse the
adaptability include in MANETs by resending recently recorded packets and creating
different other in the system to supply stale course in their routing tables.
Sybil Attack:-In this type of attack the attacker node create aliases of them to gain

iv.

extravagant influence on the network.
Worm-Hole Attack:-Attackers keeps the packets from reaching the destination node

v.

by always tunnelling the packet between malicious node.
Man-in-the-middle Attack:-An attacker site between the sender and receiver and shift
any data being sent between two nodes. In some cases, attacker imitate the sender to
communicate with receiver or mimic the receiver to reply to the sender.

vi.

2.2 Passive Attacks:- It is a network attack in which system in observing and sometimes
scanned from open ports and the helpless. Attacker only read the data between transmissions
without altering it.
•

i.
ii.

iii.

These attack are commonly used to accumulate the data about the network or realize
the communication design between the conveying parties.
Traffic Monitoring:-This attack can be developed to identify the communication
parties and functionality which could provide information to launch further attacks.
Evesdropping:-It is also known as a sniffing or snooping attack, is an attack where
somebody attempts to take data that PCs, cell phones, or different device transmit
over a network.
Traffic analysis attack: Traffic analysis is passive type of attack used to gain
information on which node communicate with each other and how much data is
processed.
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3. WORMHOLE ATTACK
Wormhole attack is one of most serious security attack in MANET. It can harm more
MANET routing protocol(DSR),AODV,OLSR,DSDV etc. Two or more malicious node
discover a wormhole attack using a private channel called tunnel. Wormhole tunnel will then
start gathering the data packets and relay the same to some other location.
Working: At one side of the tunnel, a malicious node catches a control packet and sends it to
another intriguing node at the opposite end through a private channel, which rebroadcasts the
packet locally. Route for communication between source and destination is selected through
the private channel as a result of having better metrics e.g., less number of hops or less time,
as compared to packets transmitted over other normally route. The attack regularly works in
two phases. In this Figure, MANET describes how to work MANET in the Wormhole
Attack.

Wormhole Node
Private Channel
Normal node

Fig 1: WORMHOLE ATTACK
In first phase, the wormhole nodes get themselves involved in several routes. In the second
phase, these malicious nodes start exploiting the packets they receive. These nodes can
disrupt the network functionality in a number ways. Wormhole nodes can drop, modify, or
send data to a third party for malicious purpose. Various sort of attack, for example, DOS
attack, Eavesdropping and creation can be performed with the utilization of this enable.
Wormhole attack can cut down the whole routing system in MANET.

4. SOLUTIONS TO WORMHOLE ATTACK IN MANET:
Different intrusion detection mechanisms in Mobile Ad hoc network (MANET) have been
introduced by the researchers in order to detect Wormhole attack. The various techniques
used to detect and prevent the wormhole attack are discussed as follows:
587 J.C. Bose University of Science and Technology, YMCA, Faridabad

(1)Wormhole

Attack Detection Using Hop-Based Analysis Technique In
MANET [2016]
Flow Chart: In these approach named “Hop Based Analysis” the wormholes nodes are
determined when sudden decrement in the average hop count of a path from the source node
to the destination node had been noticed as compared to the another paths because the path
with wormholes nodes has very smaller hop count. In this Figure, Hop-based Analysis
Technique for detection of Worm Hole Attack.
Source Node

Various routes are to be found from source
to destination
Calculate hope count for every route

Route is isolated

If route’s hope
count<normal
based count

Communication Proceed

If every node add a
key of encoded msg

Communication Successful

Destination Node

Fig2: Hop Based Analysis Technique
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(2)Wormhole Attack Detection and Prevention in Wireless Sensor
Networks Using Proposed Algorithm In MANET[2017]:In this paper, there are
two important parts contained in the detection and prevention of wormhole attack, neighbour
and path verification. In neighbour verification again divided into two parts: Buidling one
hop two hop transmission neighbourhood list .

Flow Chart: Flow chart for detection of Wormhole Attack in wireless sensor network.
Sensor Node deployment in network

Now all sensor have same communication
range

Wait for beacon
message

If any sensor node
has atleast two
neighbour

No

Yes
Sending information to neighbour by Sensor

Expand transmission Range R=2r

Wait for one beacon period

No

Reset Transmission Range
to R=r

Forbidden
topologyN(A)=N(B

Alternative Path selection by
APS-AODV.

Wormhole Detection using TRM

Fig3: Proposed Algorithm
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(3) Ad hoc Demand Distance Vector routing algorithm in Detection and
Prevention of Wormhole Attack in MANET[2016]
It have been be used firstly for developing detection as well as prevention algorithms for
Wormholes encountered in the MANET. The AODV(Ad-Hoc –Demand Distance Vector)
routing protocol is a reactive protocol it uses some characteristics of proactive routing
protocols. Basically route are established for users needed. Once established a route is
maintained long as it is needed.
AODV find a path in between source and destination only when the any path is needed (i.e,if
data to be exchange in between the source and the destination).In these approach give some
advantage means routing overhead is greatly reduced.
Step 1: First step is to create a MANET network .
Step 2: Creating network and creating wormhole using tunnelling technique between the
nodes(AODV algorithm is used)
Step 3: Creating Detection Technique using a AODV for Detection.
Step 4: Sending “Packet” through the network which will detect the wormhole and other
node will drop that packet.
Step 5: These part have be avoided by any other node. Generate algorithm for the same that is
the Prevention algorithm.
In this Figure, Design detail of the Path Analysis basically Aim to find a safe path for
sending packet for data communication.
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Flow Chart: Design details of the System (Path Analysis):
Start

Assumption
N1=Arbitrary node
N1,N2,N3=Neighbouring
Nk
Attack Procedure
Tunneling
Dropping Packet
Modify Routing Table

Find Sespected Path
Recheck
Ni send the packet to other
neighbours

Is smart packet sent to
any other neighbour

Neighbour that again send
packet is a wormhole

Network is Safe

Verifying and Acceptance

Maintain Table of Blacklist node

Maintain Table of Safe Node

Inform all other node
Safe Path analysis & apply prevention
Algorithm
Apply Avoidance Mechanism
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Fig4: Design detail of System
5. PREVENTION AND DETECTION METHODOLOGY
Methodology: Aim to finding a safe path for sending packet for data communication. This
technique focuses on the detection of misbehaving node and tries to prevent the wormhole
attack on the network by preventing those nodes to uses the current routing path and select
an alternative path by again following the route discovery technique for same.
Attack Procedure

Path Analysis

Detection Mechanism

Tunneling

Modified Routing
Table

Sending packet
and Processing
request

Drop Packet(or
resend)

Find Suspected
Path

Confirmation

Prevention Mechanism

Form Blacklist of
Malicious node

Alert and
Communication

Fig 5: System Architecture

The steps in system in architecture are as follow:
5.1. Attack Procedure:
i.

ii.

Tunneling: Two nodes are associated with each other with the help of a medium
which is not accessible to normal nodes, with the help of this altogether different
channel the nodes can communicate with each other over a extend in which normal
nodes cannot. The two defective nodes act such that they seem, by all appears, to be
neighbours to all the different nodes.
Drop Packets: A malicious node receive packets at one place in the network and
tunnel them to somewhere else in the network, where these packets are again sent into
a similar network.
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5.2. Path Analysis:
i.

ii.

Modified Routing Table: The table will be altered to have an additional section
consisting of full path of every nodes besides the next hop. The modified routing
table in two cases,
1. when no wormhole is available.
2. when wormhole is available.
Find Suspected Path: By modifying routing table we can identify suspicious
wormhole links way before the attack actually takes place and starts disturbing the
network. We can have a number of links within a routing table of a node that have
high density, but it is least likely that the same two nodes be present in the routing
table of a lot of nodes at the same time. Using this concept once a node has identified
a potential wormhole link, it can confirm from its neighbours about the existence of
same pattern in its routing table.

5.3. Detection Mechanism:
5.3.1 Sending smart packet & Processing Request: The smart packet is send to the
neighbouring nodes up-to two jumps. This packet should be dropped by the
authorized nodes. But if this packet is resend by any node, that node is expected to be
malicious and that node is to be checked further for affirming that the node is really
malicious.
5.3.2 Conformation:
i.

ii.

iii.

First Process: At the point when a node receive such a processing demand, it will
check its very own table and if a similar pattern exists, it will answer as true with the
requesting node.
Second Process: The nodes at the two parts of the wormhole send some encoded
messages to each other. Each special node on the path can have the option to process
those messages (we accept conspiring nodes cannot decode and cannot process) and
will include their signature/stamps/flag to the encrypt packet pay load.
Third Process: When a destination node receives the encrypted message, it will look
for signatures of all nodes along the path, if every node has added its signature to the
encrypted payload; it will consider it as normal. If the signature of any node along the
path is missing, it will consider it as a wormhole.

5.4. Prevention Mechanism:
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i.

ii.

Blacklist of Malicious Node: When the source node receives the encrypted reply and
the wormhole presence is affirmed, we need to remove the malicious node so that no
further communication takes place with them and they are black listed.
Alert Generation & Communication: Upon the affirmation of wormhole, both end
node communicates a blacklist message. This message contains list of malicious
nodes to be prohibited from communication and not to engage any path update or any
future request from them.

6. Comparison of New Technique of Wormhole Detection with Existing
One:
In this paper various approaches are presented for the detection and prevention of wormhole
attack in MANET and along with that a new Technique is proposed which is used for both
detection and prevention of the attack. In the following table we have compared the presented
techniques for pros and cons and Resources. On the basis of this analysis, the best wormhole
detection technique could be based on route request and with a little overuse of resources.

Table1: Comparison of different Wormhole detection techniques
Paper No.
Author &
Year

Method

Mobility

Resource
Required

Q0S

Advantage

Disadvantage

1.Ashka
Delay Per
Shastri Et. Al Hop(DelpH
2016
i

No Need

Min. as only
Packet Size
Increase.

Delay

Able to detect
both hidden and
exposed attack.

It does not consider
Mobility.

2. Arish
Siddiqui Et.
Al 2017

No need

Minimum as No Delay
only routing
table
is
modified.

It has minimizes
routing
overhead from
the network.

It reduce routing
overhead as well as
end to end delay and
increase
packet
delivery
ration
which
is
not
achieved .

Proposed
New
Technique
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3. Aakanksha AODV
Kadam Et.
Technique
Al 2016

No need

Routes
are No Delay
established on
demand,
as
they
are
needed.

This approach is
that the routing
overhead
is
greatly reduced.

There
is
no
detection procedure
which
detects
wormhole
attack
perfectly.

4. Gauri
Mathur Et.
Al 2014

Bound
to
Maximum
transmission
Distance

Large due to Delay up
requirement
to Leash
synchronized Factor
clock, GPS
coordinates

Restrain
transmission
distance
maximum
permitted.

Increase
computation and
Network Overhead

Packet
Leashes
Technique

The impact of this attack has been shown to detrimental to network performance, lowering
the packet delivery ratio and dramatically increasing the end to end delay. Many wormhole
detection technique proposed by researcher like Proposed algorithm, Delphi, Hop-count
analysis.
From the outcomes acquired it is seen that when the malicious nodes is present in the
network: A remarkable chunk of exertion has been finished on clarifying wormhole attack
problem. One solution can't be applicable to all situations.
• According to need of networks, solution may vary and decision is accessible
dependent on cost and need of security.
• If different kind of helpful outcomes significant to few networks have been shown a
standard explication is as yet deficient.
Future Outcomes: The protocol can be extended with this facility and may improve the
routing overhead, end to end delay and packet delivery ratio.

7. CONCLUSION
MANET are framework less, self-arranged and self maintained wireless networks. These
networks have greater security dangers due to lack of central point of control when compared
with fixed network. Wormhole attack is serious attack as it will critical corrupt system
execution to arrange security. The effect of this attack has been demonstrated to be
detrimental to arrange execution, lowering the packet delivery ratio. Although the fact that
packet of research has been done to combat wormhole attack and numerous wormhole
detection methods proposed by researcher like Packet leashes, Delphi, way Hop-count
analysis ,(PHA), Routing Trip Time (RTT),Proposed algorithm. Proposed work suggested the
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efficient and secure routing in MANET. This research is based on detection and prevention of
wormhole attack in MANET. As according to the need of networks, solution may change
and decision is accessible depend on cost and need of security. Even if different type of
useful results relevant to few networks have been illustrated, a standard explication is still
lacking.
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Abstract
Blockchain, as a decentralized and appropriated open record
innovation in shared system, has gotten impressive consideration
as of late. It uses a connected square structure to confirm and store
information, and a linked block structure to verify and store data,
and applies the trusted mechanism to synchronize changes in data,
which makes it possible to create a tamper-proof digital platform
for storing and sharing data.
In this paper, the privacy issues caused because of incorporation of
blockchain in IoT applications by centring over the utilizations of
our everyday use has been discussed. Besides, examining the
usage of five security protection methodologies in blockchainbased IoT frameworks named as anonymization, encryption,
private contract, blending, and differential protection has been
done.

Keywords: Iot, Blockchain, Anonymization , Smart Contract,
Trusted data access , Mixing , Bitcoin , Decentralized , Crypto
currency , privacy preservation etc.


Introduction

Blockchain technologies was a result of online cryptocurrency
named as Bitcoin in 2008[1]. Bitcoin is a cryptocurrency, it is a
decentralized digital currency without a central administrator that
can be sent from user to user on the peer-to- peer bitcoin network,
The reason behind such rapid spread of Bitcoin was its absence of
control from any centralized financial entity or authority.The
working of blockchain depends on a decentralized disseminated
record framework that is shared among each blockchain hub.The
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data on record is open and straightforward, subsequently every
exchange even from the beginning of framework can be examined
utilizing this straightforward nature[2].
The following figure 1 depicts the five privacy preservation
strategies in blockchain based IoT systems:

Fig 1 : Privacy preservation strategies in blockchain based Iot systems

These strategies will help in preserving privacy in block chain IoT
based applications
i.e. different privacy attacks can be overcome by them.


Background

Technologies Used:
Internet Of Things (IOT)
We can state IOT as a network of devices which can sense,
accumulate and transfer data over the internet without human
intervention. IOT is an ecosystem of connected physical objects
that are accessible through the internet.
The adoption of IoT-based technologies emerges with so many
new opportunities in various aspects of our daily lives, such as
home automation, intelligent transportation, and manufacturing.

Blockchain
Blockchain is a new approach towards decentralized storage and
data management, as it actually works over the concept of a
shared, secured, and distributed ledger that stores and keeps
records without any centralized authority or trusted third-party.
Many researchers conclude that blockchain technology is the
missing link to settle scalability, privacy and reliability concerns in
the Internet of Things. Blockchain technology can be used in
tracking billions of connected devices and enable the processing of
transactions and coordination between devices. In context of IoT,
blockchain permits two devices to communicate and exchange,
resources, information, and data in a decentralized peer-to-peer
(P2P) network.
There are different types of blockchain available:
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Public blockchain: A permission less or public blockchain is
essentially an open source decentralized stage in which each
individual autonomous of its association or foundation can join,
and can perform mining or exchange operations[3]. Every node
participating in blockchain has full authority to perform operation
of reading, writing, auditing, or reviewing of blockchain at any
instance of time.
Private blockchain: A permissioned or private blockchain system
is a decentralized network which is designed to assist private
exchange and sharing of volume/data within an organization or
specified group of people.
Consortium blockchain: Consortium blockchain framework is
commonly considered as a merger of public and private
blockchain. A multi signature plan is utilized to mine the block in
the system, in which the mined block is as it were considered as a
legitimate block if the controlling hubs affirm and sign it up.
Data Privacy
Consortium blockchain used to provide data privacy in a
blockchain network. As in figure.2,nodes used for a particular
purpose are combined together to form a private
network/sidechain. Each sidechain is responsible to manage its
own IoT data. Nodes that are participating in one sidechain are not
allowed to take part in the validation process of other sidechains.
In order to access the data of consortium blockchain network the
node first need to register and become part of that sidechain
network. Consortium blockchain has access control and prevents
unauthorized access .

Fig 2. Consortium Blockchain network
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Integration of block chain with Iot
The interconnection of IoT hubs requires security, consistent
validation, heartiness and simple support administrations. The
decentralized nature of blockchain has resolved many security,
maintenance, and authentication issues of IoT systems[11].
The following figure 3 represents the various real life applications
of blockchain with Iot:

Fig 3 : Applications of blockchain with Iot

The exponential growth of devices using Internet of Things (IoT)
technology has attracted attention of both academia and industrial
sector [4].
In traditional IoT systems, collected data is stored in certain
centralized server for future use[6]. Therefore, IoT users have to
develop trust for the centralized servers to ensure their sensitive
and private data is safe in these servers.

EXISTING WORK
3.1:Privacy preservation in blockchain based IoT systems:
Integration issues, prospects, challenges, and future research
directions:
Muneeb et al.[7] discussed about the implementation of five
privacy preservation strategies in blockchain-based IoT systems
named as anonymization, encryption, private contract, mixing, and
differential privacy. In this paper, challenges and future directions
for research in privacy preservation of blockchain-based IoT
systems has been discussed.
This work can fill in as a premise of advancement of future security
safeguarding procedures to address a few protection issues of IoT
frameworks working over blockchain.
3.2:A Decentralized Solution for IoT Data Trusted Exchange
Based-on Blockchain
Zhiqing Huang et al.[8] focused on the following layers with respect to
blockchain based Iot data exchange platforms as shown in fig 4:
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Fig 4 : Architecture of Blockchain based Iot data exchange
platform
This paper deeply analyses current trusted requirements in Iot data
exchange and divide them into three categories - trusted trading,
trusted data access and trusted privacy preserve.
Trusted trading: This means the whole transaction process is
recorded and cannot be modified by either party if once confirmed.
Trusted data access: This states that the data owner can hold their
ownership.
Trusted privacy preserve: This states that the data owner can
protect their personal information during data exchange.
Besides, this paper provides architecture of above solution and
detailed design of its main trust component. Finally, it realizes a
prototype by using Ethereum blockchain and smart contracts and
presents its auditable, transparent, decentralized features visually.
3.3:Privacy in Blockchain-Enabled Iot Devices
Privacy is always at stake when common resources are shared. The
resource being shared being controlled by its current owner cannot
be the ultimate solution to the problem. Arman Pouraghily et al.[9]
discussed a solution to this challenge by introducing a trusted third
party between the resource and the requester (of the resource),
although finding such a trusted third party is a major task in itself.
In this paper, a smart contract is being used as a third party
between a device (the resource) and the buyer. The contract is
created by the manufacturer of the camera once it is produced. The
buyer needs to fill out the required details in the contract – public
key, duration of feed which is requested etc. This is a design paper,
the researchers plan to implement this design on Raspberry Pi in
their next paper.
3.4:Blockchain’s roles in strengthening cybersecurity and
protecting privacy
According to Nir Kshetri, the need for blockchain arose from the
fact that this technology can provide a robust and strong
cybersecurity solution and better privacy as it is secured by design.
The idea is that if an intruder manages to penetrate a network and
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tries to misfunction, the multiple redundant copies of the original
prevents him from doing so[12]. Practically, about 50 % of the
systems in the network need to be hacked in order to successfully
alter the original contents.
The researcher also focuses on the fact that blockchain has not
been used and adopted widely enough to be used at its maximum
benefit. Most organizations in the networks tend to use the same
piece of code with minor modifications only. The paper also draws
a comparison between a centralized cloud model versus a
decentralized blockchain model as solutions to enhance security
and privacy. A major part of the paper focuses primarily on Iot
security.
RESULTS AND DISCUSSIONS:
Sr No.

Major
Contributi
on

1

Privacy
preservation
in blockchain
based Iot
systems
[2019]

Methodology Privacy /
Trusted
discussed
Requirements



Address Reuse
Wallet privacy
leakage
Sybil attacks
Deanonymizatio
n analysis using
graphs
Message
spoofing





2

3

A
decentralized
solution for
Iot data
trusted
exchange
based on
blockchain
[2017]
Privacy in
blockchainenabled Iot
Devices
[2018]



Exchange
management
contracts

Data
management
contracts

User
management
contracts.
Example of CCTV
camera to explain the
concept.

Privacy
Preservation
Strategies (Yes /
No)



Identity
privacy

Transactio
n privacy

 Trusted trading
 Trusted Data

Yes

No

Access
 Trusted privacy
preserve

1. Privacy in
shared
resources
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Yes

Blockchains’
s roles in
strengthening
cybersecurity
and
protecting
privacy
[2017]

4

-

None

Table 1: Comparison Study of different papers on the basis of different
parameters

This table describes different methodologies, privacy trusted requirements
and different strategies to preserve privacy in different papers.


Conclusion:

The trend of integration of Internet of Things (IoT) systems in our
daily life is increasing exponentially, and it has benefited our lives
in many ways. This advancement has raised certain security and
authentication challenges such as mining, hacking, and service
denial attacks because of centralized nature, but blockchain
technology came up as an optimal way to overcome these
challenges. However, blockchain-based IoT systems are also
vulnerable to various privacy threats that needs to be resolved
before their practical implementation.
Here, five major privacy preservation strategies being used in
blockchain-based IoT systems named as anonymization,
encryption, mixing, private contract, and differential privacy has
been extensively covered. Within these privacy preservation
strategies, we briefly surveyed the applications of IoT being used
in our daily lives such as healthcare, finances, energy systems,
vehicular networks, and wearable devices.
In this context, this survey reviews the existing privacy issues
associated with the blockchain network. Then, we present a
comprehensive analysis of cryptographic protection mechanisms
in terms of both anonymity and transaction privacy. Based on the
review and discussions for these mechanisms that achieve privacy
protection in the blockchain, we identity future research directions
for blockchain’s privacy protection.
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Abstract
With fast improvement of Internet of Things (IOT), it is obvious that clients get
accommodation in various fields, for example, smart homes, transportation, production
network, smart contracts and so on. Blockchain and IOT are both balanced and be world
evolving advancements. Combining these innovations could bring about something more
than the total of its parts. Then again IOT gadgets are shockingly unreliable. Subsequently,
security issue is one of the most testing errands for using blockchain [1].
Keywords: Blockchain , IOT, Reliability, Authentication, Security Issues, peer-to peer,
DOS attacks etc.

1. Introduction
Blockchain is a distributed technology that provides very hard to temper ledger record. It
permits storage of all exchanges/transactions into permanent records and each record
conveyed crosswise over numerous member hubs. The security originates from utilization
of strong public key cryptography, strong cryptographic hash and complete
decentralization. Blocks are the key components of this innovation; they are little
arrangements of exchange that include occurred inside the framework. Each new block
stores the reference of past exchange by including a SHA-256 hash of the past exchange.
This way it creates a ‘chain’ of blocks and hence the name “Blockchain”. Blocks are
computationally hard to make and takes various specific processors and huge measure of
time to be created.
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Miners are the individuals who run amazing PCs to make squares. Blockchain can be
utilized to verify the work arranges in the IOT condition with the goal that associated
gadgets are verified from any risk. Each IOT hub can be enlisted in the blockchain and will
have a blockchain ID and will uniquely identify a device in the universal namespace. For a
gadget to associate with another device, one will utilize the blockchain ID as URL and will
his nearby blockchain wallet to raise a personality request. The wallet will make a carefully
marked solicitation and send to the focused on gadget that will utilize the blockchain
administrations to approve the mark utilizing the open key of the sender [1].

While there is numerous security proposals for IOT, for example, biometrics and twofactor approval yet blockchain is viewed as progressively secure of them all. Blockchain
contains solid insurance against information treating, locking access to IOT and permitting
bargained gadgets in an IOT n/w to be closed down[7].

Integration of blockchain with Iot
The following figure represents the various real life applications of blockchain with Iot:
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Fig 1: Applications of Blockchain with IoT

The exponential growth of devices using Internet of Things (IoT) technology has
attracted attention of both academia and industrial sector.
SECURITY NECESSITIES FOR IOT OR ISSUES
1. Data Privacy
Because of a diversified integration of services and network, the data recorded on a
device is vulnerable to attack by compromi-sing nodes existing in associate IoT
network. Moreover, an attacker can access the data without owner permission.
2. Data Integrity
In a centralized client-server model, the attacker may gainunauthorized access to
the network and change the original data or information and forward it. For
example, X sends data to Y,Z the middle guy might get data first and forward the
data after modification.
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3. Third Party
Data collected in a centralized environment is stored and controlled by a third
centralized entity that may miss use this data or provide it to someone else.
4. Trusted Data Origin
In IoT environment, it is difficult to know the origin of data and data might be
altered during the transmission by anyone.
5. Access Control
Access control is one off the main issue in IoT network. It is difficult to define in
IoT network that which node has the right to access and perform a different
function with data.

In traditional IoT systems, collected data is stored in certain centralized server for
future use. Therefore, IoT users have to develop trust for the centralized servers to
ensure their sensitive and private data is safe in these servers [2].

EXISTING WORK

2.1 Blockchain technology for security issues and challenges in IOT
Manoj kumar et.al [3] examined the different sorts of issues and moves identified with
IOT security, for example, interoperability, absence of models, legitimate difficulties,
administrative issues, right issues, economy issues, etc. Blockchain innovation has
following favourable circumstances:
•
•
•
•
•
•

Tamper evidence information
Trust-less and P2P informing ability.
Robustness, reliability and protection.
Distributed document sharing.
Elimination of single control authority.
Built in trust and quick exchanges.

Blockchain allows a peer-to-peer messaging in a faster way with the help of distributed
ledger. In IoT with blockchain the data flow is from sensor-network-router-distributed
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blockchains analytic user. Appropriated record doesn't permit any misinterpretations,
wrong verifications in information. Difficulties in blockchain incorporate the constraint of
record storeroom, restricted advancements in innovation, absence of legitimate lawful
codes and models, absence of talented workforce, varieties in appropriate speed and time
such are some of basic issues tended to by IOT security. This work distinguishes the job of
blockchain in IOT security and difficulties looked by this amalgamation of two wide
advancements/technologies.

2.2 A blockchain future for IOT security
Mandrita Banerjee et.al [4] studied the various types of Intrusion Detection procedures
and their therapeutic techniques in this specific paper. Most of the Intrusion Detection
Systems (IDS) and Intrusion Prevention Systems (IPS) are intended to recognize
unapproved access endeavours and DDoS(Distributed Denial of Service).
Predictive security procedures focus on the quantitative security measurements which are
helpful to evaluate the overall security of the framework, given that the splendidly secure
framework doesn't exist. As data in IOT environment is exchanges very frequently so the
integrity of data must be ensured and preserved so as to guarantee the sense of reliability to
the end-user. For maintaining the integrity of data Reference Integrity Metric (RIM) has
been maintained using blockchain in the distributed ledger. In the RIM approach for IOT
security there is a focal centre point that keeps up references of part archives where the
datasets are really put away and conveyed. The participation capacity is recorded and
shared by every one of the individuals including the centre. There is another chain of
obstructs that keeps up the RIM of datasets.
Blockchain compromised firmware detection and self-healing for compromised devices is
another approach followed in this paper. The blockchain is an appropriated database that
keeps record of the considerable number of exchanges. Since all participating devices
maintain same record, unless an adversary manages to compromise the majority of devices,
the integrity of records will be assured. Redundancy is regularly used to recuperate the
defiled programming where the equivalent or comparable code replaces the ruined code.
By utilizing the blockchain the historical backdrop of firmware can be followed, thus when
compromised firmware is detected, it will be compelled to move back to its past form.

2.3 Blockchain mechanisms for IOT security
Daniel Minoli et.al[5] reflected upon the different uses of blockchain in IOT security and
certain security requirements in IOT in general and e-health and Intelligent Transportation
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Systems (ITS). Blockchains as clarified in this paper offer a component for individuals
who don't have a clue or trust each other to make a common record of benefit possession.
The blockchain is a period stepped database that holds the total logged history of
exchanges on the framework, every exchange processor on the framework holds their
neighbourhood duplicate of this database and agreement development calculations enable
each duplicate to stay synchronized.

Fig:2 Functionality of blockchain
Interruption identification Systems Firewalls, availibility , confidentiality , integrity and
link encryption and decryption, these are some factors that are overcome by blockchain
architecture. The functionality of blockchain has been shown in fig 2.
In a blockchain, the hash of a previous block in a sequence is a temper-proof sequence
because as a function of the design, a hash is very sensitive. So, to change any
variable of any one of the hashes in a given block would cause a domino effect,
altering all of the previous transactions in the block. Form of Hash function used in
blockchain has been shown in fig 3.

Fig 3. Hash function used in Blockchain

Typical Blockchain environment in IOT:
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Fig 4. Typical Blockchain environment in IOT
This paper foccusses on the layer-wise appropriation of security instruments for IOT
biological system. Various layers are independent in their functionality but they pass the
information to upper layers in the architecture , in the IOT ecosystem the prime focus is on
the integrity and the encryption of variety of IOT devices as shown in fig 4.
Alongside giving security answers for IOT, blockchains should be joined with other
security components including firewalling , encryption , confided in execution condition
and other verification, approval and bookkeeping systems. The upside of utilizing
blockchains is that they can work at the lower layer of correspondence models just as at the
application layer , along these lines empowering the synergetic utilization of mehcanisms
crosswise over layers and areas of the IOT biological system. Start to finish blockchains ,
examination/stockpiling level , door level , site level and gadget level are a portion of the
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practical necessities of blockchain usage[8]. Every one of these necessities are mapped to
the different layers of the security i.e in particular seven layers of the security which starts
from gadgets and stacks upto the appliaction level.

2.4 Towards decentralized IOT security, a blockchain approach
Yongfeng Qian et.al [6] proposed the combination of blockchain in the discernibility of
IOT gadgets, which includes cooperation between IOT gadget and the system transmission,
IOT gadgets and the cloud. For the IOT devices and the network transmission the problems
include the identification of malicious hotspots, malicious terminal access, abnormal traffic
monitoring etc [9]. With the utilization of blockchain innovation, it can understand the
validation without the outsiders, spare/save the client time and henceforth bring QoE to the
client.

Fig 5: Blockchain enhanced IOT security architecture

With thought to IOT as help and blockchain innovation as the primary strategy, IOT
resource database that faces enormous gadgets in full life cycle the executives is
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incorporated with the stage layer [11]. Terminal layer, security layer and application layer
security issues are portrayed in this paper as shown in fig 5.
Blockchain record structure is utilized to confirm gadgets that interface with the system
and cloud based administrations. Blockchain maintains ledger for IOT devices which keeps
track of all the related transactions that are executed and then consensus is made based on
the entries of the ledger, that’s why this blockchain architecture is called time-stamped
database storage system. The blockchain ledger structure for IoT devices has been shown
in fig 6. Administration solicitations are made by the gadgets when associating with the
system and information solicitations are adjusted through cloud based usefulness.

Fig 6: Blockchain ledger structure for IOT devices

This paper puts forward a distributed storage models on IOT based on blockchain and
device ledger, where related production and application of IOT devices is analysed. In any
case, with the expansion of IOT gadgets, there are huge IOT terminals [10]. Consequently,
a lot of registering power at terminals would fundamentally be expended dependent on
conventional blockchain innovation. With respect to IOT, issues, for example,
computational eﬃciency, security insurance, and supervision for circulated hub
information the executives in blockchain must be understood. Along these lines, the
foundation of blockchain based cloud stage for IOT gadgets [12] the executives in the full
life cycle can be considered, contingent upon the disseminated cloud calculation.

3. Comparison Table

Author
Name
1.

Motive/Major Security Attacks Security Requirements
Contribution

Manoj kumarThe scope for Block Legal issues, DOS,
chain
Variation in
et.al [3]

Reliability, availability,
distributed file sharing,
integration with IOT Computing capabilities,Decentralized computing.
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2.

3.

4.

is explained in this Processing
paper
time, Scalability.
along with
advantages
and limitations.
Collaborative securityTransaction attacks, Hybrid encryption techniques,
Mandrita
firewall attacks
Game theory, Intrusion
Banerjee et.altechniques,
Access
control
firmware,
detection
systems, Firewall.
[4]
mechanisms,
compromising security
Predictive security protocols.
techniques.
Daniel MinoliFunctioning of cyber-Encryption security Block chains for sensor data,
physical systems, attacks, attacks on
end to end requirements,
et.al [5]
public
operating systems,
strong applications, strong
key management, password attacks,
user interface, secure key
base station/gateway device keys.
storage.
security.
security
DOS attacks, DDOS
Authentication,interaction between IOT
Yongfeng Potential
risks
are
attacks,
attacks
on
device and
Qian et.al [6]
identified in this
smart home, attacks onremote cloud, high-security
paper, problems
smart cities,
management mechanism
of
layers
are
attacks
on
smartto archive overall
introduced.
healthcare, and
Security management.
Security problems in
perception layer.

4. Conclusion:
The pattern of joining of Internet of Things (IoT) frameworks in our day by day life is
expanding exponentially, and it has profited our lives from multiple points of view.
This progression has raised certain security and validation difficulties, for example,
mining, hacking, and administration refusal assaults as a result of incorporated nature,
however blockchain innovation came up as an ideal method to beat these difficulties.
Nonetheless, blockchain-based IoT frameworks are likewise helpless against different
protection dangers that should be settled before their handy usage.
IoT security using blockchain has been studied extensively in the four scenarios.
These scenarios have been examining the data being attacked and DDoS in IoT
environment. Security measures for IoT integration in blockchain is duly enhanced by
certain advantages as being offered by blockchain mechanisms. Variety of encryption
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attacks and masquerades are prime form of attacks and their impact is studied
extensively in this paper.

References:
[1]https://datafloq.com/read/securing-internet-of-things-iot-with-blockchain/2228
[2]https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6567376/.
[3]Nallapaneni Manoj Kumar, Pradeep Kumar Mallick ,“The Internet of Things:
Insights into the building blocks, component interactions, and architecture layers”,
2018,www.keaipublishing.com/en/journals/digital-communications-and-networks.
[4] Mandrita Banerjee, Junghee Lee, Kim-Kwang Raymond Choo,2018,
ScienceDirect.
[5] Daniel Minoli, Benedict OcchiogrossoDVI Communications,2018, Elsevier
[6]Yongfeng Qian ,Yingying Jiang , Jing Chen et al., MatevžPustišek School of
Computer Science, China University of Geosciences, Wuhan, China,School of
Computer Science and Technology, Huazhong University of Science and
Technology, Wuhan 430074.
[7]ABassi,MBauer,MFiedler,TKramp,RvanKranenburg,SLange,
HYPERLINK
"http://refhub.elsevier.com/S2542-6605(18)30016-7/sbref0001"
HYPERLINK
"http://refhub.elsevier.com/S2542-6605(18)30016-7/sbref0001"SMeissner
HYPERLINK
"http://refhub.elsevier.com/S2542-6605(18)30016-7/sbref0001"
HYPERLINK
"http://refhub.elsevier.com/S2542-6605(18)300167/sbref0001"(Eds.),EnablingtheInternetofThings,Springer,
HYPERLINK
"http://refhub.elsevier.com/S2542-6605(18)30016-7/sbref0001"2013.
[8]A.K. Pathan (Ed.), Securing Cyber-Physical Systems, CRC, HYPERLINK
"http://refhub.elsevier.com/S2542-6605(18)30016-7/sbref0002"2015.
[9]A.M. Rahmani, P.
HYPERLINK "http://refhub.elsevier.com/S25426605(18)30016-7/sbref0003"Liljeberg, J.-S. Preden, A. Jantsch HYPERLINK
615 J.C. Bose University of Science and Technology, YMCA, Faridabad

"http://refhub.elsevier.com/S2542-6605(18)30016-7/sbref0003", Fog Computing in
the Internet of Things, Springer, HYPERLINK "http://refhub.elsevier.com/S25426605(18)30016-7/sbref0003"2017.
[10]Q.Hassan,A.R.Khan,S.A.Madani(Eds.),InternetofThings:Challenges,Advances
andApplications,CRCPress,
HYPERLINK
"http://refhub.elsevier.com/S25426605(18)30016-7/sbref0004"
2017
HYPERLINK
"http://refhub.elsevier.com/S2542-6605(18)30016-7/sbref0004"ISBN
HYPERLINK
"http://refhub.elsevier.com/S2542-6605(18)300167/sbref0004"9781498778510.
[11]A. Pal, B. Purushothaman HYPERLINK "http://refhub.elsevier.com/S25426605(18)30016-7/sbref0005",
HYPERLINK "http://refhub.elsevier.com/S25426605(18)30016-7/sbref0005"IoT HYPERLINK "http://refhub.elsevier.com/S25426605(18)30016-7/sbref0005"Technical Challenges and Solutions, Artech
HouseISBN:
HYPERLINK "http://refhub.elsevier.com/S2542-6605(18)300167/sbref0005"978-1-63081-111-2, HYPERLINK "http://refhub.elsevier.com/S25426605(18)30016-7/sbref0005"Norwood,
Mass,
HYPERLINK
"http://refhub.elsevier.com/S2542-6605(18)30016-7/sbref0005"2016.
[12]A.Rayes,S.Salam
HYPERLINK
"http://refhub.elsevier.com/S25426605(18)30016-7/sbref0006",InternetofThingsFromHypetoReality,Springer,
HYPERLINK "http://refhub.elsevier.com/S2542-6605(18)30016-7/sbref0006"2016.

616 J.C. Bose University of Science and Technology, YMCA, Faridabad

ISFT/2020/R/1152

PREDICTION OF LIFESTYLE RELATED DISEASES USING
MACHINE LEARNING
Sapna Singh *, Sonali Gupta**
*Research Scholar, **Assistant Professor
Department of Computer Engineering
J.C. Bose UST , YMCA Faridabad, India.
sapna4882@gmail.com, sonali.goyal@yahoo.com
9560945100

Abstract
Life style diseases prediction is new approach towards the healthcare design of better patient
oriented system. Due to improper lifestyle new diseases are coming up in the society. The
inappropriate way of life, for example dietary patterns, smoking and drinking are the reason for
the way of life related diseases. A better lifestyle for example eating appropriately, takes
complete rest doing contemplation and so on. Machine learning technique is widely used to
automate the process of predicting diseases more accurately. Machine learning methods facilitate
development of intelligence into a machine based on its learning experience.
The paper presents a brief background of machine learning algorithms/technique for diseases
prediction. Comparisons of different paper based on learning type, used algorithms/models,
purpose, strength and limitation. It also provides research directions required for lifestyle
diseases prediction using machine learning.

Keywords
Lifestyle diseases, Improper lifestyle, Healthcare, Health Monitoring, Prediction algorithms and
technique, Predictive Analytics, Machine learning algorithms.

Introduction
Lifestyle diseases are connected with the way, the individuals carry on with their daily routine
[1].This is usually brought about by expending liquor, medication and smoking maltreatment just
as absence of physical action and eating low quality nourishment [2,3] . Diseases that impact our
lifestyle are heart diseases, stoke, obesity, and diabetes are appear to become ever more
widespread as countries become more industrialized [2]. IDF(International Diabetes Federation)
has been revealed a report in India that 33 per cent of Indians over 30 years of age are suffering
from one or more lifestyle diseases such as diabetes, high cholesterol, blood pressure, thyroid
and hypertension. Globally, 14.2 million people between the ages of 30-69 years, die
prematurely each year from diseases like heart attack, diabetes, and high blood pressure etc.
Over 61 per cent of all deaths in India are due to lifestyle or non-communicable diseases
(NCDs). According to the National Family Health Survey, India ranks second with 155 million
obese citizens and this number is increasing at 33-51% every year.
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Some of common life style diseases are:
Obesity:
If a human BODY MASS INDEX (BMI) is higher than 25 then he/she might suffer by
Obesity. Unhealthy eating habits, reduced physical activity, stressful lifestyle leads to obesity.
Human suffers from breathing issues, blood pressure, cardiovascular diseases, diabetes etc.

Type II diabetes:
Type II diabetes is the non-insulin form develops in adults due to poor eating habits and bad
lifestyle choices. India has the largest number of diabetics with type II at 40.9 million.

Arteriosclerosi:
Arteriosclerosis is also linked to obesity, diabetes and high blood pressure usually causes blood
circulation disorders, chest pain, and heart attacks. Atleast 30-40% of cardiovascular deaths
happen in the age group of 34-64 in India.

Heart Diseases:
Any irregularity or abnormality affect heart muscles and heart vessels can be referred as heart
diseases. Smoking, diabetes and high cholesterol contribute to create heart diseases in human
body. India ranks number in all countries with 50 million suffering heart health issues.

High Blood Pressure:
High blood pressure reasons are stress, obesity, genetic factors and unhealthy eating habits.
100 million people in India suffer from high blood pressure.
A healthy lifestyle must be adopted to combat these diseases with a proper balanced diet and
physical activity. Kids spending too much time slouched in front of TV or PCs, should be
encourage to find a physical sport or activity they enjoy. To decreases the ailments caused by
occupational postures, one should avoid long sitting hours and should takes frequent breaks, do
regular exercise or yoga, and enjoy their work.
The trends these days are to develop a system which makes accurate prediction. Technology in
Health has an immense development over the years like advances in information gathering,
treatments, communications and research. This paper understand different kind of machine
learning model have been used to predict life style related diseases. Machine algorithms makes
decision from existing data and based on previous experience predict the future outcome. To
monitor a patient, the ML-based method analyses the situation on the trained dataset. The trained
dataset are useful to predict the future trends in healthcare industry. However the goal of
machine learning method is to learn and improve over the time can be used for predictions [4].
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The rest of this paper is organized as follows. Section II Background provides introduction of
machine learning and predictive analytics in healthcare. Section III presents detailed literature
review of machine learning model in health diseases prediction. Section IV gives a brief
comparison of reviewed papers based on some parameters. Section V concludes the paper.

II. Background
MACHINE LEARNING:Machine learning is a programming model which allows a machine to learn from examples and
experience, and based on experience evaluate patterns that are useful for the future. Machine
learning algorithms used to develop a mathematical model based on sample dataset, known as
training dataset that are used to make decisions without explicit programming [5].

MACHINE LEARNING ALGORITHMS:There are many algorithms in machine learning and they are classified into three broad
categories, depending on the nature of the learning. The process of selecting a machine learning
algorithm involves matching the features of the data to be learned to the biases of the existing
approaches. Machine learning algorithms can be divided into two key groups: supervised
learning is used to construct predictive models, and unsupervised learning is used to build
descriptive models.

Fig[5]. Type of Machine Learning Model

SUPERVISED LEARNING:Supervised learning algorithm takes a known set of input data and known responses to the data
(output), and trains a model to generate realistic predictions for the response to new data.
Different supervised algorithms are:1). K-nearest neighbors :
K-nearest neighbors (KNN) is the classification method for classifying unknown examples by
searching the closest data in pattern space [6].
2). Support Vector Machine:
For the classification problem, the support vector machine (SVM) is a popular data mining
method used to predict the category of data [7]. The main idea of SVM is to find the optimal
hyperplane between data of two classes in the training data [8].
3).Decision Tree:
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Decision tree is the classification method frequently used in data mining task [9]. A decision tree
is a structure that includes a root node, branches, and leaf nodes. It divides the data into classes
based on the attribute value found in training sample.
4). Naive Bayes classifier:
It uses a probabilistic model by determining probabilities of the outcomes/outputs. It is used in
analytical and predictive problems. Naïve Bayes is robust to noise in input dataset.
5). Principal component analysis:
PCA is an arithmetic procedure that uses an orthogonal conversion to convert a set of
Observations of possibly allied variables into a set of standards of linearly uncorrelated variables
called principal components in our system.

UN-SUPERVISED LEARNING:
In Unsupervised learning the output is unknown and model is trained by using unlabeled dataset.
It is mostly used for pattern detection and descriptive modeling. It involves clustering and
association problems.

SEMI SUPERVISED LEARNING:
Semi Supervised learning uses both labeled and unlabeled data for training. Methods such as
classification, regression and prediction are using this type of learning.

REINFORCEMENT LEARNING (RL):
The main focus of reinforcement learning is to gather the information from the environment to
take actions which increase the rewards and decrease the risk.

MACHINE LEARNING ROLE IN PREDICTION:
Machine Learning is provided with effective algorithms, applications, and frameworks to attain
greater predictive accuracy and value to enterprises. Machine learning methodologies are
intended to find out the chance to optimize the decisions, based on predictive value of large-scale
data sets. It is evidencing to be effective at handling predictive tasks including defining which
behaviors have the maximum tendency to drive preferred outcomes.

PREDICTIVE ANALYTICS IN HEALTHCARE:
The aim of predictive analytics is to diagnosing the diseases accurately, enhanced the
performance of patient care, resource optimization and also improve clinical outcomes.
Predictive Analytics helps organizations to prepare for the health care by optimizing the cost
[10]. The accomplishment of predictive analytics in this industry is likely to provide proficient
outcome by improving the service quality. Predictive Analytics have the future to transform the
healthcare industry.

III. Literature review
Many health’s Risk Systems are available in the literature. However, Most of the research in the
initials day focused on developing Diseases Risk Predictions Models using machine learning for
specific diseases.
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In this section, we discuss existing research efforts that predict health risks or health diseases
using various techniques.
Shancheng Jiang & & et al. [11] proposed a new machine learning framework to predict the
unplanned hospital readmission by combining feature selection algorithms and classification
models. Unplanned hospital readmission means to readmit a person again within specified time
interval that has been discharged. A broad variety of factors is collected from different databases
in HIS and then integrated as the original feature. In the modeling process, machine learning
models like SVM, RF, and DNN, is trained with preprocessed datasets and corresponding feature
subset obtained in the feature selection process. In which DNN achieves higher accuracy over
SVM and RF. DNN possesses strongest predictive power and presents high robustness under
different datasets. The unplanned hospital readmission framework consists of four parts: (1) Data
Collection and preprocessing:- hospitalization records of 45,407 individual are retrieved from the
hospital information system (HIS). After that relevant data is combined to evaluate the
performance and define the target class label. To determine the original feature set and to
overcome the dataset unbalanced problem, a synthetic minority oversampling technique
(SMOTE) have been proposed. (2). Feature selection: - Enhanced multi-objective bare bones
PSO algorithm is used in feature selection. It has two objectives, one is to maximize the
relevance of selected features of targeted class and the other is to minimize the redundancy
between them. (3). Model Training:- To train the model three algorithm have been used. Support
vector machine, Random forest, and deep neural network. In which deep neural network gives
the best performance and provide high accuracy. (4). Performance evaluation: - The system
performance has been evaluated by feature size reduction, accuracy, precision and recall.

Fig[11]. Machine Learning Framework of unplanned Hospital readmission.
Muhammad Azeem Sarwa & et al. [12] their objective is to predict if a person has diabetes or not
based on the diagnostic measurements of the patient by using machine learning techniques. It has
been noted that Plasma glucose concentration has the highest importance over body mass index
and age. The dataset has been downloaded from the UCI machine learning repository which
contains 768 patient records of Indian women. For experiment purpose, six different machine
learning algorithms are applied on the patient’s dataset. Performance and accuracy of the applied
algorithms is discussed and compared. Support vector machine and K-means Nearest Neighbor
algorithm achieved the highest accuracy which is 77%. The component of the model to predict
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the diabetes is: (1) Dataset: - The dataset is obtained by UCI machine learning repository. (2) Data
pre-processing:- Data pre-processing is used to evaluate the performance of processed data and
analysis that data has be in structured form. (3) Feature selection: - feature selection is used to
extract the feature or patterns in the existing pre-processed data. (4) Machine learning algorithms:
- Six machine learning algorithms such as Naïve bayes, K-means nearest neighbor, Support Vector
Machine, Logistic Regression, Decision Tree and Random forest are used to create a training
model.

Fig[12]. Machine learning Model to predict diabetes.
Anusorn Charleonnan [13] developed a predictive system to examine the future life style
diseases by using medical history. The intelligent system based on images analyzing to detecting
and classifying different stages of chronic kidney diseases (CKD). The CKD dataset consists of
400 instances and 24 attributes with 2 classes collected from UCI machine learning repository
from the Apollo Hospitals. The performance of the proposed method is measured by sensitivity,
specificity and accuracy. The 5-fold cross validation model is used to train and test the design. It
has been noted that SVM classifier achieved the highest accuracy is 98.3% over Logistic
Regression, Decision Tree and KNN algorithms. The Model to predict the chronic kidney
diseases explain in number of stage: (1) Training data: - It transforms the numerical attributes to
the binary attribute in the training datasets. (2) Feature transformation: - Best First method is
used for feature selection which selects the subset of features and reduces the number of
attributes and training time. In Best first search, greedy hill climbing with backtracking is used to
search the space of feature subset [17]. (3) Classifier Model: - The classifier model is developed
for creating the predictive model for unseen data. (4) Class Prediction: - In the final step chronic
kidney class have been predicted are by tested data. (5) Feature Selection: - SVM, KNN,
Logistic regression, and Decision Tree algorithms are used to extract the feature in existing
dataset.
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Fig[13]. Model to predict chronic kidney diseases.
Darcy A. Davis, Nitesh V. Chawla & et al. [14] developed a CARE, a Collaborative Assessment
and Recommendation Engine, that relies on a patient medical history in order to predict future
diseases risks. CARE combines collaborative filtering methods with clustering to predict each
patient greatest disease risks based on their own medical history. Collaborative filtering is used to
predict preferences of one person to the preference of other similar person. To improve the
performance of proposed system an ICARE ensemble learning concept has been used. This
research is mainly focused computer-aided medical prediction systems. The input of the system
takes each patient diagnosis history, provided per patient visit. In CARE System there are five
modules:(1) Code Collapse: - ICD-9-CM Code Collapse published by World health organization
(WHO) that provides the codes to classify diseases and wide range of sign, symptoms, abnormal
finding, social circumstances and external causes of injury or diseases. Each diseases having
unique code and can be up to 5 digital long. There are total 180207 unique codes in the database.
(2) Collaborative filtering: - Collaborative filtering has been implemented on resulting cluster,
which generate predictions for the future visitors. (3) Clustering: - Clustering is applied on training
dataset to discover the connected components of the patients. It determines the number of diseases
which the patients have in common.(4) Ensemble: - Ensemble is used to combine the maximum
prediction score for each disease. The additional unrelated diseases do not learn the probability of
having diseases that is why ensemble is used to run in distributed environment as each cluster has
been evaluated independently. (5) Individual patient history: - It contains individual patient history
record. (6) Patient Medical History: - It stored each patient previous medical history.

Fig[14]. framework of CARE System.
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Yongkoo Han, Manhyung Han & et al. [15] designed a novel healthcare framework to manage
lifestyle diseases using long-term activity monitoring. The framework is consists of four modules:
(1) Activity Classification: - It used an activity classifier to recognize the user’s activities in real
time. A set of activity classifier are capable to provide privacy, security, and inexpensiveness. In
their framework C4.5 decision tree activity classifier has been used to achieve the higher accuracy.
(2) Activity pattern generation:- This module has been used to generate the activity patterns and
determined the diseases symptoms .The Activity pattern generation determines some activity such
as Daily Activity Frequency (DAF) is calculate the aggregating recognized activities in activity
database in a day, Regular Activity Frequency (RAF) is the mean value of DAF trained dataset.
Graded Activity Frequency (GAF) is the deviation of DAF from RAF. Daily Activity Patterns
(DAP) is the set of all GAF in a day that gives the output to monitoring and predicting life style
diseases. (3) Life diseases prediction: It determines the risk probability of a lifestyle disease per
day. (4) Activity database: - It stored the output of each module that provides the healthcare
information such as current/last activity, activity frequency and duration, diseases probability and
activity patterns. The Life style diseases predictor predicts risk probability of life style diseases per
day. Major drawback of their framework is that the system does not work in a multi-user
environment. The proposed framework has been implemented on two well-known diseases related
to lifestyle is diabetes and depression.

Fig[15]. Architecture of healthcare framework for long term activity monitoring.
Xia Yu and Shuoyu Wang [16]. designed a health check and prediction system. Their system used
fuzzy set theory to deal with the fuzziness of degrees of the subject symptoms, lifestyles and
heritability. The proposed system experiments on 5 subjects aged 70 above and 10 subjects of
students ranging age from 20-30. The health check prediction system consists of two parts: Check
Sub System and Prediction Sub System. The Check Sub System having three components
Personal Constitution Characteristic Database (PCCDB) has the entire fuzzy attribute that are
useful for lifestyle diseases prediction, Medical Knowledge database (MKDB) checked current
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condition of patient its physiological data and symptoms, and Reasoning Engine is a rule inference
engine that stored the facts about the patient and fire the logic based on query. While the
prediction subsystem has Advice information module which calculates the future risk by using
medical knowledge with MKDB and Reasoning engine. Personal processing data module process
the person personal data and evaluate whether the person suffer from any diseases.
The subjective symptoms formulated as follow:
xSi, are defined as items of symptoms such as Blood pressure is high, Dizziness, Shoulders are
stiff, Headache, etc. xLi is items of lifestyle are salinity excessive, being overweight, not
exercising, stress etc. xHi is items of heritability is Some relatives or Diabetic or degeneration of
Organ or cardiovascular disease suffers from hypertension. dSi, dLi and dHi are defined as the
Degree of Symptoms for each item can be None, Mild, Slightly Serious, Serious or Very Serious.
RS, RL and RH be the risk of lifestyle-related diseases concerning with each precondition.
If {xSi is dSi } then RS.
If {xLi is dLi } then RL.
If {xHi is dHi } then RH
Example: - If a person have shoulders stiff that means he do not exercising every day.

Fig[16]. Health check and Prediction System.

Table.1 Comparison of different lifestyle diseases prediction techniques based on
supervised learning:
Articles

Used
Model/algorithm

Purpose to used

Advantage

Disadvantage
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An integrated
machine learning
framework for
hospital Readmission
prediction

Support Vector
Machine, Deep
Neural Network,
Random Forest.

Used for performance
evaluation of the tested
model, feature selection,
design evolution metrics
and to validate the
positive effectiveness of
the model.

Deployed risk
analysis tools
for hospital
readmission.
DNN achieved
highest
accuracy over
SVM and RF

Difficult to
handle dissimilar
pattern under
different
situation. DNN
used multi
hidden layer so
data processing
is very slow.

Prediction of Diabetes
Using Machine
Learning Algorithms
in Healthcare

Decision Tree ,
Support Vector
Machine, Random
Forest, Naïve
Bayes, K-means
Clustering,
Logistic
Regression

Used for feature selection
and performance
evaluation.

Implementation
of all the
algorithms is
very easy. SVM
and KNN
achieve highest
accuracy 77%.

Difficult to
handle large
dataset and only
used for
structured data.

Predictive Analytics
for Chronic Kidney
Disease Using
Machine Learning
Techniques

Support Vector
Machine, Decision
Tree, Logistic
Regression, Kmeans Nearest
Neighbor

Used for data mining,
feature selection,
determine sensitivity and
specificity, performance
evaluation or to predict
the correct classifier for
chronic kidney diseases

It fails to handle
unstructured data
and
Computationally
expensive.

Predicting Individual
Disease Risk Based on
Medical History.

Ensemble

Ensemble has been used
to demonstrate isolating
significant relationships
and control high
prevalence diseases to
make better predictions.

A Framework for
Supervising Lifestyle
Diseases
Using
Long-Term Activity
Monitoring.

Decision Tree

Used to design the
activity classifier

All algorithms
are the best
classifier for
feature
selection.
Highest
Accuracy
achieved by
SVM classifier
is 98.3%.
Modeling
human
behavior,
making
Judgment based
on many trusted
advisors each
with their own
specialty.
It is easy to
implement and
process high
dimensional
dataset. C4.5
decision tree
activity
classifier
employed for
higher
accuracy.

Combined model
rather hard to
analyze.

It is not a good
classifier and
used for
structured
dataset. It can
used Support
Vector Machine
For better
performance of
activity classifier
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Table 2:- Comparison of different lifestyle diseases prediction techniques based on Unsupervised learning:
Articles
Predicting Individual
Disease Risk Based on
Medical History.

Used Model/algorithm
Clustering

A Health Check and
Prediction System for
Lifestyle Related
Disease Prevention

Distance type fuzzy
reasoning(DTFR)

Purpose to used
Discovered the connected
component of patient and
remove the influence of
patient who has little or no
similarity.
Used for decomposition of
rule and calculate the
degree of truth.

Advantage
Simple as complete of
sampling units within
population is not required.

Easily update medical
knowledge while deleting
or adding knowledge in
the database.

V. Conclusion
The objective of this research review is to serve as guidelines for researchers who are new to
machine learning area and want to contribute in the healthcare industry. This paper explores
some review paper that has been already worked in lifestyle diseases prediction. It is noted that
some common machine learning algorithms are widely used in feature selection and
classification. In which Support vector machine serve as an appropriate classifier for prediction
of lifestyle diseases. But the drawback of all the used machine learning algorithms is that is all
are used only for supervised learning. This study provides further research directions required
into lifestyle related diseases prediction based on modern machine learning algorithm.
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Abstract
Herein, the dry sliding wear behavior of SiC reinforced aluminum alloy for different process
variables has been established following the design of experiments methodology.Reinforcement
wt. %, sliding speed, applied pressure, and sliding distance were selected as the variables, and
wear rate was the response variables to investigate the dry sliding performance. Three levels of
factorial parameters of variables have been considered for the design of experiments involving 0,
10, 15 wt. % of SiC, 2, 4, 6 m/s for sliding speed,10 N, 30 N, 50 Nfor applied load and 150, 300,
450 m for sliding distance. The wear tester having a pin on disc configuration is employed to
evaluate the wear performance as per L27 orthogonal array.The results indicated that the
reinforcement wt. % was the most effective factor among the control parameters on dry sliding
wear, followed by the sliding velocity, applied load, and sliding distance.

Keywords
Sliding Wear characterization, Light Metal Alloy, Metal Matrix Composites, Stir Casting, Optimization

Introduction
In the recent decades, cast Al alloys have been used by aerospace and automotive industries due
to their lightness, high specific strength and high damping capacity [1]. In addition to handling,
good machinability and high recycling potential are the other advantages of cast Al alloys [2].
Mg–Al-based alloys have superior castability, good corrosion resistance, reasonable cost and
considerable mechanical properties [3]. However, the applications of Al-based Mg alloys are
limited to temperatures lower than 1200C because of the drastic reduction in their creep
resistance and mechanical properties [4, 5]. The formation of β-Mg17Al12 phase in the grain
boundaries and inter-dendritic regions are the main attributes to lower mechanical properties of
Al-based Mg alloys containing more than 2wt % aluminium [4]. The existence of β- Mg17Al12
phase plays an important role in strengthening of the Mg–Al-based alloys at room temperature
[5]. The observed reduction in the strength and creep resistance of the Mg–Al-based alloys at
high temperatures occurs due to softening, coarsening and dissolution of the β- Mg17Al12 [6,7].
Consequently, at higher temperature, this β-Mg17Al12phase loses its strength as the phase has a
low melting point, which results in grain boundary sliding and reduction in the strength of the
alloy [2-5]. In case of Mg–Al-based alloys with greater aluminium content such as AZ91 (9 wt%
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Al and 1 wt% Zn), the intermetallic β-Mg17Al12 can appear as lamellar precipitates during
cellular precipitation [18,9]. The growth of α-Mg/β- Mg17Al12 interface arising from cellular
precipitation creates more surfaces for easy sliding and deformation due to the softening and low
thermal stability of β- Mg17Al12at high temperatures [10]. It was suggested that if the temperature
is high enough, the diffusion creep mechanisms gets activated due to melting of the β- Mg17Al12
phase [3-5, 11]. Many studies [12–15] have been carried out to analyse the wear behaviour of
Mg-Al alloys under the dry sliding environment at different normal load. Most of these studies
concentrate on generating thermally stable intermetallic phase in the magnesium matrix and
suppressing the discontinuous precipitation of β-Mg17Al12.The present efforts have led to
summarise the effects of particle reinforcement, high wear temperature on the wear behaviour of
Al alloys and its composites under dry sliding environments.

Experimental details
Stir Casting, which is quite simple and affordable, is employed to manufacture the composite.
An electrical resistance furnace was used for the melting of matrix metal ingots which is melted
in graphite crucible at the temperature of 750 oC. Magnesium was added to the molten metal to
enhance its fluidity. SiC powder (50-100 μm) was well dried and put into 40 mm diameter
hollow cylindrical die and then pressed to obtain SiC pelltes. These pellets were heated in muffle
furnace at 850 oC before adding to the preheated molten metal. The melt is then mechanically
stirred utilizing an impeller for proper dispersion of SiC particles in the matrix alloy. The process
is carried out at 750 oC. The liquid metal reinforced with particulates is poured into the preheated
die in the form of 170 mm long cylindrical casting. Furthermore, the solidified casting is
machined to obtain the specimens for wear tests.
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SiC Powder

Preheated
Pellets
SiC Pellets

Muffle Furnace

Die Press
Aluminum
Alloy Ingots

Graphite Crucible

Machined Sample

Material

Casted Material

Stirring Process

Element Weight Percentage

Si

Fe

Cu

Mn

Mg

Ni

Cr

Zn

SiC

Al

LM13

11.8

0.25

0.6

0.15

1.7

1.5

0.1

0.25

-

*

LM13S10

11.8

0.25

0.6

0.15

1.7

1.5

0.1

0.25

5

*

LM13S15

11.8

0.25

0.6

0.15

1.7

1.5

0.1

0.25

10

*

Microstructural Evaluation
Microstructural studies were carried out on 10 mm diameter, 15 mm thick samples. The samples
were polished metallographically and etched suitably. Killer reagent was used for etching the
samples of the aluminium (matrix) alloy and composite. A microstructural characterization of the
samples was carried out using scanning electron microscopy.

Wear test
Fig. 2 shows the schematic representation of wear test analysis. Wear tests were conducted on 8
mm diameter and 27 mm long cylindrical specimens using a pin on disc wear testing
machine.(EN32) steel disc having hardness of 65 HRC and surface roughness of 1-2 μm was
used as the counterface material. The specimen was loaded against the rotating disc & the tests
were conducted at an interval of 150 m to measure the weight loss at intermediate intervals. A
test was terminated either after traversing the specified sliding distance or on the onset of
specimen seizure prior to completing the specified sliding distance. Onset of seizure was
monitored in terms of abnormal noise and vibration in the pin-disc assembly and substantial
adhesion of specimen (pin) material on to the disc. Wear rate was calculated using the formula
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𝑊𝑅= (𝑊𝑖− 𝑊𝑓)/(ρ∗sd)
where Wi & Wf stands for initial and final weight
p for density
sd for sliding distance.

Applied Load
Pin Sample
Wear Track
Rotating Disc

Fig.2. Pin on Disc Wear testing arrangements

Design of Experiments
Design of experiment (DOE) is a technique for defining and investigating all possible conditions
including the multiple governing factors and variables in an experiment. Based on DOE, Taguchi method
is used, which combines the experimental and analytical concepts to optimize the most influential
parameter on response thus ending for significant improvement in their overall performance. In this
method three level and four factors design is adopted as illustrated in Table 2 to study the effect of control
factors upon SWR. Dry sliding wear test was performed with three parameters: applied load, sliding
speed, and sliding distance and varying them for three levels. According to the rule that degree of
freedom for an orthogonal array should be greater than or equal to sum of those wear parameters, a L27
Orthogonal array which has 27 rows and 13 columns was selected as shown in Table 3. The selection of
Orthogonal array depends on three items in order of priority, viz., the number of factors and their
interactions, number of levels for the factors and the desired experimental resolution or cost limitations. A
total of 27 experiments were performed based on the run order generated by the Taguchi model. The
response for the model is wear rate and coefficient of friction. In Orthogonal array, first column is
assigned to applied load, second column is assigned to Sliding speed and fifth column is assigned to
sliding distance and the remaining columns are assigned to their interactions. The objective of model is to
minimize wear rate and coefficient of friction. The responses were tabulated and results were subjected to
Analysis of Variance (ANOVA). The Signal to Noise (S/N) ratio, which condenses the multiple data
points within a trial, depends on the type of characteristic being evaluated. The S/N ratio characteristics
can be divided into three categories, viz. ‘nominal is the best’, ‘larger the better’ and ‘smaller the better
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‘characteristics. In this study, ‘smaller the better’ characteristics was chosen to analyse the dry sliding
wear resistance.
Results and Discussion

At lower wear, testing temperature under lower to intermediate sliding speeds the worn surfaces
of the alloy revealed the existence of cracks almost perpendicular to the sliding direction (Fig.3).
This could be attributed to delamination wear [13] and their composites. Delamination is
essentially a fatigue-related wear mechanism in which under applied load due to repeated sliding
sub-surface cracks were induced which nucleate and propagate farther. The propagation, linking
and subsequent shearing of these sub-surface cracks to the surface, material has removed from
the worn surfaces in the form of sheet-like flakes or laminates. In addition, it has been suggested
that the damage of sub-surface in the form of decohesion along grain and sub-grain boundaries
can culminate in delamination [14].
Suh's delamination theory of wear predicted that the delamination wear in the composites was
prominently more severe at higher applied load under same sliding speed irrespective of
temperature. The morphology of the worn surfaces in Fig. 3 illustrated the formation of scratches
and plastic deformation parallel to the sliding direction, which could indicate the abrasive wear
mechanism. On the other hand, the delamination wear mechanism could also occur along with
abrasion on the worn surface of 2wt% alloys at 1000C. Other alloys also showed the similar
behaviour. The occurrence of such wear mechanism for the Al alloys containing SiC could be
attributed to the existence of acicular intermetallics (Fig. 3).These resulted in increasing the
stress concentration sites in the sliding contact region of worn surface. Delamination increased
with the increase of these high stress concentration sites in the RE-containing alloys, and
therefore, their wear rates wereincreased compared to the base alloys.
selvan et al. [40] reported about the delamination wear behaviour of ZE41A alloy, while sliding
under a load of 60N and at a sliding speed of 1m/s[fig.9]. There was a gradual transition in the
mild wear regime occurred from an oxidational wear to a delamination wear with the increase of
applied load. Due to detachment of the sub surface layers from bulk material, the wear debris has
a plate-like shape with shinny metallic appearance. In delamination wear, short cracks were
observed perpendicular to the sliding direction. During delamination wear of adhered
areas,micro cutting and micro-fracturing increase significantly. At the initial period of sliding
under lower applied load this might destruct the MML .
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(b)

(a)

100 µm

50 µm

(c)

(d)

100 µm
Fig.3. SEM micrograph shows the presence of spherical β- Mg17Al12phase
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Reinforcement
wt. %

Sliding Speed
(m/s)

Applied Load
(N)

Sliding Distance
(m)

Wear Rate x 10-11
(m3/m)

SN Ratio

0
0
0
10
10
10
15
15
15
0
0
0
10
10

2
4
6
2
4
6
2
4
6
2
4
6
2
4

10
30
50
10
30
50
10
30
50
30
50
10
30
50

150
300
450
150
300
450
150
300
450
450
150
300
450
150

15.895
22.730
42.677
2.835
10.313
21.636
0.812
2.641
4.424
14.320
45.530
21.991
1.204
29.068

-24.0254
-27.132
-32.6039
-9.0497
-20.2674
-26.7035
1.8123
-8.435
-12.9165
-23.1186
-33.166
-26.8451
-1.6094
-29.2683
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10
15
15
15
0
0
0
10
10
10
15
15
15

6
2
4
6
2
4
6
2
4
6
2
4
6

10
30
50
10
50
10
30
50
10
30
50
10
30

300
450
150
300
300
450
150
300
450
150
300
450
150

Analysis of Variance for SN ratios
Source
DF
Seq SS
A
2
1885.9
B
2
862.9
C
2
258.7
D
2
264.9
Residual Error
18
192.8
Total
26
3465.2

Adj SS
1885.9
862.9
258.7
264.9
192.8

-21.8882
4.6077
-11.5689
-9.0958
-24.2725
-19.7571
-33.0044
-12.8238
-9.0497
-31.109
-2.5556
-0.5685
-21.3066

12.428
0.588
3.788
2.850
16.354
9.724
44.691
4.377
2.835
35.929
1.342
1.068
11.623

Adj MS
942.96
431.45
129.37
132.43
10.71

Response Table for Signal to Noise Ratios
Smaller is better
Reinforcement Sliding Speed Applied Load
Level
wt. %
(m/s)
(N)

F
88.05
40.29
12.08
12.37

P
0
0
0
0

Sliding Distance
(m)

1

-27.103

-10.115

-13.163

-21.187

2

-17.974

-17.69

-17.931

-17.035

3

-6.67

-23.941

-20.653

-13.524

Delta

20.433

13.826

7.49

7.663

Rank

1

2

4

3

Conclusions
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Conclusion should include key findings of the paper & concluding remarks. It is mainly a
concise statement of the main conclusions drawn from the research reported in themanuscript.
Several confronts must be surmounted in order to improve the wear behaviour of discontinuous
particle reinforced Al alloys like fabrication processes, influence of reinforcement, type and
size of the reinforcements etc. However,the tree key points derived from the prior works can be
summarised as:
 It was suggested that the wear resistance of the alloy containing 2wt% SiC is higher than
that of other alloys under severe wear conditions. This could be attributed to high stability
of oxide films on worn surfaces.
 The different regions in the Al alloy with increasing percentage of aluminium contents were
continuously distinguished as α- Mg phase, eutectic α- Mg phase and ᵦ- Mg17Al12 phase,
respectively. During solidification, the rejection of aluminium into liquid phase could be the
appropriate reason for these phase transactions.
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Abstract
The exclusive properties of organo-lead iodide perovskite such as ambipolar nature,
ferro/piezoelectric and ultra-high seebeck coefficients enabled their desirability for harvesting of
several types of ambient energies such as thermal, mechanical and solar energy. However, there
have been many studies to harvest these ambient energies separately using individual devices
such as piezoelectric, thermoelectric generator and solar device. Yet there are no reports on
single-structured multimode energy harvester that can harvest thermal, mechanical and solar
energy using one device. This paper demonstrates a flexible single structured TPS-generator
comprising of interdigitated electrodes and MAPbI3 to harvest thermal, mechanical and solar
energy individually.

Keywords
MAPbI3, TPS-generator, thermoelectric, piezoelectric, solar energy.

Introduction
Ambient energy harvesting technologies that can readily harvest ambient abundant wasted
energies such as light, mechanical energy, and thermal gradient and convert into usable
electricity received prodigious amounts of attention. In recent years, among the various
sustainable energy sources in environment, solar, mechanical energy, and thermal gradient has
received remarkable attention for powering portable and wearable electronics. In particular, solar
energy is prioritized as clean, sustainable, renewable and widely available energy source to
satisfy the energy demand for human beings as well as to replace the fossil fuels [1, 2].
In recent years, organic-inorganic hybrid perovskite (OHP) materials have attracted
enormous research attention and become a promising candidate in the field of photovoltaics as
efficient solar energy harvesting material owing to their outstanding material characteristics such
as tunable band gap, long charge carrier diffusion length, higher absorption coefficients etc. [3].
In addition to solar applications, recently, perovskite materials have drawn significant interest to
investigate their application in the field of mechanical energy harvesting due to intriguing
ferroelectric or piezoelectric properties [4, 5]. Furthermore, large seebeck coefficient and low
thermal conductivity of perovskite materials enable to them as potential candidates for
thermoelectric application [6, 7]. Therefore, these OHPs are appropriate alternatives for
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harvesting of ambient energy simultaneously or independently. However, it is challenging to
construct single nanogenerator that can harvest multiple energies simultaneously or individually.
In this regard, we fabricated single structure device for scavenging of thermal energy,
mechanical energy and solar using methylammonium lead iodide (MAPbI3) perovskite material
and IDEs-interdigitated electrodes that includes semiconducting layers (ZnO, Cu2O) and ITO
electrode on MAPbI3 perovskite layer and device is called as TPS-generator. The fabricated
TPS-fusion energy generator is operated as a TEG, PEG, and solar cell using thermal,
mechanical and solar energy source, whereas MAPbI3 used as thermal, mechanical and solar
energy harvesting material.

Materials and Methods
Preparation of MAPbI3 perovskite films
MAPbI3 perovskite thin films were prepared using two-step spin-coating method. In the first
step, the PbI2 precursor solution was prepared by dissolving 400 mg of PbI2 in 1 ml N,Ndimethylformamide with constant stirring at 70 ºC overnight and 80 µl of prepared PbI2 solution
was spin coated onto cleaned PET substrate at 4,000 rpm for 35 s followed by dring on hot plate
at 70 ºC for 15 min. In second step, freshly synthesized MAI precursor solution (35 mg in 1 ml
isopropanol) was spin coated onto the PbI2 thin film at 2,000 and 3,500 rpm for 15 and 20 s,
respectively. Finally, these films were annealed for 1 h at 100 ºC in argon using rapid thermal
annealing (RTA) process.
Fabrication of TPS-generators
The TPS-generator was fabricated using annealed MAPbI3 thin films according the steps
depicted in schematic illustration shown in Fig.1a. First, ZnO/ITO and Cu2O/ITO were deposited
using RF-sputtering onto the MAPbI3/PET films with the help of two metal shadow masks with
size of 1.5 × 1.5 cm2. In two IDE electrodes, one pair of IDEs contained a 200 nm ZnO charge
transport layer along with 100 nm ITO electrodes. While the other pair of IDE has 200 nm Cu 2O
along with 100 nm ITO electrode. Finally, the TPS-generator was encapsulated with spin-coated
PDMS, which acts not only as the passivation to the MAPbI3 perovskite from ambient conditions
and also provides good mechanical endurance to the device. Finally, device was wired using
copper wires, conductive silver paste and epoxy resin.

TPS-generator

Fig. 1. Schematic illustration of fabrication of TPS-generator (ITO/ZnO-&Cu2OIDEs/MAPbI3/PET).

Glass/MAPbI3/Cu2O
(110)

a.u)

Glass/MAPbI3
Glass/MAPbI3/ZnO
 ZnO  Cu2O

sity (a.u)
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Results and Discussion
The crystallinity of the MAPbI3, MAPbI3/ZnO, and MAPbI3/Cu2O films were determined via Xray diffraction and all the assigned planes confirmed the well-crystalized tetragonal structure of
MAPbI3 films absent any residual PbI2. The surface morphology and cross-sectional images
were measured via scanning electron microscopy. The ultraviolet-visible absorption and
photoluminescence spectra were also measured for all the thin films. In the steady-state
absorption spectra, a sharp band edge was observed for MAPbI3 films and the extracted band gap
from the Tauc plot is 1.58 eV. The leakage current characteristics and carrier concentration and
Hall mobility were also analyzed.
The operation of TPS-generator as a TEG
Fig. 2a shows a schematic diagram of TPS-generator for out-of-plane temperature gradient
operation as thermoelectric generator. The TEG outputs were measured in the range of ΔT = 5 to
14.9 °C, are depicted in Fig. 2b and 2c. The output voltage linearly improved with increasing the
temperature and attained maximum value of ~ 0.12 V for ΔT = 14.9 °C (Fig. 2b) and obtained
Pmax increased by increasing ΔT and attained maximum of 0.0066 nW for the ΔT of 14.9 °C.

Fig. 2. a) Schematic diagram of TPS-generator as a TEG with an applied ΔT in the outof-plane mode. b) Measured output voltage, and c) output power at applied ∆T of 10.8
°C in out-of-plane, respectively.
The operation of TPS-generator as a PEG
The output performance of the TPS-generator was measured under different applied pressures
via mechanical pressing and finger tapping. Before exploring the PEG output performance, the
TPS-generator was poled for 10 min at 12 kV/cm. The measured output performance of PEG
under an applied pressure of 0.2 MPa at 5 Hz was 1.47 V of voltage and 0.56 µA of current (Fig.
3a). The achieved outputs were comparatively stable over long period, which established the
virtuous mechanical stability of the TPS-generator as PEG.
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Fig. 3. a) The piezoelectric output voltage and current of TPS-generator measured at
pressure of 0.2 MPa after poling (12 kV/cm), b) Measured solar performance in forward
illumination and backward illumination, respectively, for same TPS-generator after
poling. Insets of (a) & (b) depict the schematic images of TPS-generator as a PEG and a
solar cell.
The operation of TPS-generator as a solar cell
When the TPS-generator (ITO/(ZnO,Cu2O)/MAPbI3/PET) measured under forward illumination
of light, the obtained voltage (Voc) and current density (Jsc) were ~ 0.77 V, 0.022 mA/cm2 after
poling at 12 kV/cm for 10 min as shown in Fig. 3b. While, the device measured in backward
illumination showed the Voc of 0.75 V and Jsc ~ 0.017 mA/cm2, which were marginally lower
than values obtained in forward illumination. Furthermore, long-term stability of the TPSgenerator as TEG, PEG and solar cell were also investigated thoroughly.

Conclusions
In summary, we first have developed the single structure TPS-generator that can harvest
ambient energies i.e., thermal energy, mechanical energy, and solar using ambipolar MAPbI3
perovskite as an active fusion material. Our results demonstrate that the TPS-generator with the
help of transport layer (ZnO & Cu2O) allows harvesting thermoelectric, piezoelectric, and solar
energy efficiently. It is anticipated that the performance of TPS-generator can immensely vary
if we can operate this device simultaneously by utilizing environmentally abundant sources
such as thermal gradient, mechanical pressure and light source.
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Abstract
Organometal halide perovskites (OMPs) with ferroelectric/piezoelectric properties have recently
diverged their utility in mechanical energy harvesting. With the environmental and human health
concerns, organotin halide perovskites have garnered the great amount of research attention to
replace widely used lead-based perovskites, but instability of Sn-based perovskites hinders their
wide range of device applications. Here in, we report a strategy to synthesis air-stable lead-free
methylammonium tin halide perovskite (MASnI3). Further, these stable perovskites are
composited with flexible PVDF polymer to fabricate flexible MASnI3-Ploymer composite based
mechanical energy harvesters that reveal high output voltage of 12 V and current density of 4
µA/cm2.

Keywords
Lead-free perovskite, MASnI3, air-stability, MASnI3-PVDF composite, eco-friendly generator.

Introduction
The development of environmental-friendly energy harvesters as miniaturized power sources is
of great concern for portable electronic devices and implantable biomedical and health
monitoring devices [1]. Piezoelectric nanogenerator (PEG), technology can convert mechanical
energy into useful electricity [2,3]. Piezoelectric materials should be lightweight, non-toxic and
highly flexible for wider utility that can impose challenges for inorganic perovskite piezoelectric
materials like PZT and BaTiO3 owing to their brittleness, rigid nature, high temperature
processing, and mechanical inflexibility. Recent studies suggested ferro/piezoelectric properties
of OMPs can extend their applicability into piezoelectric energy harvesting [4]. However, most
of studies focused on toxic-lead based perovskites. Among the lead-free perovskite materials
reported to date organotin perovskite materials are most promising alternatives for energy
harvesting. These materials also offer enormous dielectric and piezoelectric properties compared
to lead-based perovskites. However, there have been limited or no reports of Sn-based OMP
mechanical energy harvesters due to their instability nature in air ambient [5]. Herein, we
demonstrate eco-friendly, high-performance and flexible PEGs based on air-stable
methylammonium tin iodide perovskite (MASnI3, here MA = CH3NH3) and their polymer
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composite films (MASnI3-PVDF) for mechanical energy harvesting and sensing applications.
These MASnI3-PVDF composite based PEGs exhibited higher performance, excellent
mechanical robustness and long-term stability over a period of time and could able to power
small scale electronic devices.

Materials and Methods
Synthesis of lead-free methylammonium tin iodide perovskite
Lead-free MASnI3 perovskite was synthesized using a facile approach of ACT method under
ambient air. In briefly, a 1:1 ratio of tin (ΙΙ) iodide (SnI2) and methyl ammonium halide (MAI)
was added into 1 ml of diethyl ether followed by stirring at 50 ºC for few hours (Fig. 1). The
obtained MASnI3 precursor solution was evaporated using hotplate and then was annealed at 180
°C for 1 hr using RTA in argon ambient.

Fig. 1. Schematic illustration of synthesis process for MASnI3 perovskite
Fabrication of piezoelectric nanogenerators
The obtained MASnI3 powder after annealing was composited with PVDF films using spraycoating process to fabricate PEGs. Firstly, the MASnI3 was dissolved in toluene solvent and
sprayed onto the as prepared porous-PVDF film, that was fabricated by spin coating of PVDF
solution onto the flexible substrates (Au-coated PI). These MASnI3-PVDF/Au/PI films were
annealed in RTA to obtain the electro active β-PVDF phase. Later PDMS coated-ITO/PET was
attached to these composite films and further annealed for curing of PDMS. The final devices
were wired with copper wires to get the final PEG structure. Finally, the output performance of
all devices without and with electrical poling was measured.

Results and Discussion
The prepared MASnI3 films annealed at 180 C under an ambient atmosphere exhibited a single
phase without any oxidation phase. The long-term stability and crystallinity of the perovskite
were analysed using XRD patterns and transmission electron microscopy (TEM), respectively.
The composition, morphology and crystallinity of the synthesized MASnI3 perovskite
nanoparticles were analyzed using energy-dispersive spectroscopy (EDS) in conjunction with
TEM and high-resolution TEM after annealing at 180 C for 1 h under an argon atmosphere. The
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dielectric, leakage current, and polarization-electric field (P-E) properties were also measured at
room temperature using Au (200 nm)/Ti (10 nm)/MASnI3/FTO/Glass structure with a top
electrode that had a diameter of 150 m. The samples showed values for dielectric constant and
dissipation factor of approximately 65 and 0.02 at 100 kHz, respectively, and leakage current
density of approximately 7  10-7 A/cm2. The values for the remanent polarization (Pr) and
coercive field (Ec) of the films were approximately 0.22 C/cm2 and 10 kV/cm, respectively.
MASnI3-PVDF based PEG having structure of PET/ITO/PDMS/MASnI3-PVDF/Au/PI
was fabricated as shown in Fig. 2a. Piezoelectric output performance of fabricated MASnI3PVDF based PEG was measured. The non-poled PENGs revealed an output voltage of ~ 6.0 V
and a current density of 2.0 µA/cm2 under an applied pressure of 0.5 MPa. To enhance the output
performance the samples were poled at 60 kV/cm. The poled-MASnI3-PVDF PEG showed the
output voltage of 12.0 V and current density of 4.0 µA/cm2 (Fig. 2b). In addition, the output
power density of PEG with different applied load resistances was also measured as shown in Fig.
2c. The mechanical and long-term stability of the PEGs over a period of time were also
measured. These devices were also used for biomechanical energy harvesting and powering
small-scale electronic devices such as light emitting diodes (LED) as well as for pressure sensing
applications.
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Fig. 2. a) Schematic image of MASnI3-PVDF PEG. b) Corresponding output voltage
and current density performance, and c) output power density with different load
resistances.

Conclusions
MASnI3 perovskite was prepared using facile method of ACT method. These perovskites
revealed predominant stability under ambient room conditions without any passivation. In
addition, these perovskites were utilized in fabricating MASnI3-PVDF composite based PEGs,
that exhibit higher performance, excellent long-term stability and could able to power smallscale electronic devices.
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Abstract: The joints of aluminium alloy A356 and pure magnesium were prepared by
compound casting process. The microhardness of joint interface was investigated and
analyzed in terms of key process parameters such as pouring temperature, vacuum pressure,
insert temperature and grit size of sand paper. Mathematical relations have been established
for response (microhardness) using central composite design (CCD) through response
surface methodology (RSM). The data gathered in the experimental work were utilized to
formulate second-order regression model. The obtained regression model was statistically
significant with lack of fit as not-significant. The linear terms as pouring temperature,
vacuum pressure, grit size; combined effect of pouring temperature and vacuum pressure,
pouring temperature and grit size, vacuum pressure and insert temperature and the secondorder term of pouring temperature and vacuum pressure have significant influence on
microhardness of joint interface. The values of microhardness as predicted by regression
model were observed quite close to the experimental values of microhardness.

Keywords: Compound casting process, response surface methodology, process parameters,
ANOVA.

Introduction:
Industrial sectors like aerospace and automobile have an imperative need for structural
components which are tough, lighter in weight and stiffer aiming to reduce environmental
pollution and increasing the fuel efficiency while ensuring safety and reliability. Steel and
aluminum have already a wide variety of structural applications in industry due to their
excellent properties such as ductility, thermal conductivity and formability. In order to reduce
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emissions and to save energy, lightweight magnesium and its alloys have increasingly been
used in the vehicle construction. This is due to the higher strength and stiffness, good stability
and lower density of magnesium (Czerwinski, 2011). The structural application inexorably
involves welding and joining of similar/dissimilar magnesium and aluminium alloys. It is
somewhat difficult to join these materials due to difference in their physical and thermal
properties. In case of welding of dissimilar metals, a rapid formation of brittle intermetallic
compounds takes place, which degrades the mechanical properties of these joints (Patel,
2014). Components constructed using hybrid methods have proven to offer a useful approach.
Compound casting is a method which covers a wide range of requirements within one
component by combining different materials. In addition to saving the weight, it has the
added advantage to reduce bonding processes. It is a process by which two metallic materials,
one in solid state and the other in liquid are brought into contact with each other due to which
a diffusion reaction zone occurs between the metals (Papis, 2008). Consequently, a
continuous metallic transition is formed. This method is employed to join semi-finished
components with complicated shape, simply by casting a metal around a solid shaped insert
(Emami, 2013).
Researchers have adopted compound casting to join different similar and dissimilar
metallic materials such as Al/Al (Rubner, 2011 and Papis, 2009), Mg/Mg (Papis, 2010),
Al/Mg (Hajjari, 2012 and Emami, 2013), steel/Cu (Ho, 2004 and Lin, 2000), Al/Cu
(Divandarim, 2009), Cu/cast-iron (Mehdi, 2009). Emami et al. (2013) investigated the lost
foam compound casting of Al/Mg and carried out the comparison with conventional
compound casting. In both the cases, the microhardness at the interface was increased
substantially (200-250HV) in comparison to the hardness of base metals, aluminum and
magnesium. Hajjari et al. (2011) studied the aluminium and magnesium joint prepared by
compound casting for their mechanical properties. They reported that the formation of
interface in compound casting was diffusion controlled and the interface was consisted of
three different layers. The microhardness was between152 to 221 HV on interface of Al/Mg
joint while the average microhardness of base metals magnesium and aluminum were 28 and
25 HV respectively. Papis et al. (2010) investigated the joint between magnesium substrate
and pure magnesium melt. They concluded that compound casting process produced the
joints which were free of micro cavities, oxides and other imperfections. Penga et al. (2006)
characterized the interfacial transition zone of magnesium and aluminium formed due to
diffusion bonding in vacuum. The interfacial transition zone was consisted of three
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intermetallic layers Mg17Al12, MgAl and Mg2Al3 from magnesium to aluminium. Lin and Ho
(2000) evaluated the bonding between SK3 steel insert and copper. They concluded that three
layers were formed in the interface. First layer near the SK3 steel matrix was the cast welding
layer. Second layer close to the copper matrix was the irregular layer and the third one
between the prior two layers.
Joining of dissimilar light metals such as magnesium and aluminum alloys by
compound casting is still a relatively unexplored area The research work on the analysis of
process parameters of compound casting is not available in the published literature.
Therefore, it is needed to analyze the process parameters of compound casting which may
lead to the better solution for the problems associated with compound casting such as process
control, interface formation and mechanical properties of the cast pieces. In the present work,
the compound casting process was studied and process parameters were analyzed so that the
process can be used efficiently and effectively at shop floor and provide a space for further
research.

Materials and Process:
Aluminum alloy A356 and commercial pure magnesium was selected to prepare the cast
pieces. Chemical composition of the materials is given in Table 1.

Table 1 Chemical composition (wt.%) of the materials used
Material

Al

Si

Fe

Cu

Mn

Mg

Zn

Ni

others

Mg

0.02

0.03

0.002

0.017

0.048

Balance

0.00

0.002

0.02

A356

Balance

7.28

0.114

0.06

0.064

0.378

0.026

0.003

0.241

Compound casting process was employed to prepare the joint between aluminium alloy A356
and pure magnesium. A356 cylindrical inserts of diameter 20 mm and height115 mm were
prepared. The lateral surfaces were ground with silicon carbide sand papers of 400 to 1200
grit size. The insert was rinsed with acetone and placed in horizontal muffle furnace for
preheating. Magnesium was melted in a silica crucible in vertical muffle furnace up to the
designated temperature. Mould cavity of 30 mm diameter and 100 mm height was prepared
with the help of a wood pattern in double wall moulding box by using the moulding sand.
The moulding box was covered with polyethylene sheet. Vacuum was created with vacuum
pump and adjusted with regulator to the required pressure. The preheated insert was placed in
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the mould cavity and molten magnesium was poured under covering flux. The compoundcast piece was ejected from mould after being cooled to the room temperature. Experimental
setup is shown in Figure 1.

Figure 1. Experimental setup of compound casting process

Four process parameters: pouring temperature, vacuum pressure, insert temperature and grit
size was adopted for experimentation work. Table 2 represents the process parameters along
with their range. Experiments were designed on the basis of central composite design
technique as depicted in Table 3. Thirty experiments were performed as per design of
experiments and the test pieces were prepared as shown in Figure 2.
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Table 2 Process parameters
Parameter

Range

Pouring temperature in ˚C
Vacuum pressure in mm of Hg
Insert temperature in ˚C
Grit size of sand paper in
number

Level -2 Level -1

650-750
200-400
100-400
400-1200

650
200
100
400

Level 0

Level 1

Level 2

700
300
250
800

725
350
325
1000

750
400
400
1200

675
250
175
600

Table 3 Design of experiment
Sr. No/
Exp. No

Pouring
Temperature
in ˚C

Vacuum
Pressure
in mm of Hg

Insert
Temperature
in ˚C

Grit size of
sand paper
in numbers

1

-1

-1

-1

-1

2

1

-1

-1

-1

3

-1

1

-1

-1

4

1

1

-1

-1

5

-1

-1

1

-1

6

1

-1

1

-1

7

-1

1

1

-1

8

1

1

1

-1

9

-1

-1

-1

1

10

1

-1

-1

1

11

-1

1

-1

1

12

1

1

-1

1

13

-1

-1

1

1

14

1

-1

1

1

15

-1

1

1

1

16

1

1

1

1

17

-2

0

0

0

18

2

0

0

0

19

0

-2

0

0

20

0

2

0

0

21

0

0

-2

0

22

0

0

2

0

23

0

0

0

-2

24

0

0

0

2

25

0

0

0

0

26

0

0

0

0

653

J.C. Bose University of Science and Technology, YMCA, Faridabad

27

0

0

0

0

28

0

0

0

0

29

0

0

0

0

30

0

0

0

0

Figure 2. Compound cast pieces.

Microhardness at joint interface was measured by preparing the specimens with 10 mm
thickness which were cut from compound cast test pieces perpendicular to their axis. The
specimens were finished with sand papers of 150 to 2500 grit size and polished on a polishing
machine by using aluminum-oxide powder. Vickers microhardness was measured by a
Mitutoyo hardness tester with 50g test load and 20 sec holding time.
Response surface methodology was used for modeling and analysis of problem. This
approach is used to correlate between the responses and the input parameters (Reddy, 2011).
The behavior of the problem is interpreted by the quadratic model. A general second order
mathematical model is defined by equation as:
(Eq. 1)
In Eq. (1), Y is the response under examination e.g., microhardness. Xj ( j= 1,2,. . .n) are
process parameters, β

is the second order regression coefficients and ε indicates the

experimental error. The response surface Y has linear, squared and cross product terms of
variables Xj. Regression model coefficients can be determined by using a number of
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experimental design techniques. Montgomery (2014) proposed that scheme based on central
composite design fits the second-order response surface quite accurately. The Eq. (1) can be
written with four process variables X1= Pouring temperature, X2= Vacuum pressure,
X3=Insert temperature and X4= Grit size of sand paper which is expressed in Eq. (2).

(Eq. 2)

Results and Discussion:
The results of the second-order response surface model fitting in the form of ANOVA after
neglecting the insignificant parameters for compound casting are mentioned in Tables 4.
Values of ‘‘p-value prob > F’’ less than 0.05 shows model terms are statistically significant at
95% confidence level. The Models F-value of 1305 implies that the model is significant. The
‘‘Lack of Fit F-value’’ in ANOVA table is not significant relative to the pure error.
The R2 is the ratio of variability explained by the model to the total variability in the actual
data. This is used to measure the goodness of fit. The value of R2 as unity indicates the best
result in terms of model. The calculated value of R

2

is 0.998 (Table 4) verify that the

relationship between the selected process parameters and response (microhardness) can
adequately be described by the model. The value of predicted R2 (0.9938) indicates a good
agreement with that of adjusted R2 (0.9972). Adequate precision indicates the signal to noise
(S/N) ratio. Greater than 4 S/N ratio indicates an adequate model discrimination. Adequate
precision (167.116) indicates an adequate signal in compound casting process. At the same
condition, a relatively lower value of coefficient of variation (0.43%) indicates better
precision and reliability of the conducted experiments. After deleting the non significant
process parameters, the equation of response as obtained is presented below in terms of coded
factors:
Microhardness = 280.97 - 17.69 *A + 2.64 * B - 8.94 * D - 6.74 *AB + 2.63 * AD + 11.43 *
BC -7.51 * A^2 - 1.46 * B^2

(Eq 3)

In the same manner, pouring temperature (A), vacuum pressure (B), Grit size of sand paper
(D); the combined impact of pouring temperature and vacuum pressure (AB), pouring
temperature and grit size of sand paper (AD), vacuum pressure and insert temperature (BC)
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and the second-order term of pouring temperature (A2) and vacuum pressure (B2) have
significant influence on microhardness of joint interface produced by compound casting. All
the input factors and their interactions have been found to be statistically significant for their
effect on microhardness at 95% confidence level. The normal probability plot of residuals for
microhardness is shown in Figure 3. It shows that the residuals are lying on the straight line.

Table 4. Analysis of variance (ANOVA)
Source

Sum of Squares

Mean
Square
1767.73

F Value

14141.86

Degree of
freedom
8

1305

p-value
Prob > F
< 0.0001

Model

Significant

A-Pouring Temperature

7511.88

1

B-Vacuum

167.48

1

7511.88

5545.53

< 0.0001

Significant

167.48

123.64

< 0.0001

Significant

D-Grit Size of Sand Paper

1917.09

1

1917.09

1415.26

< 0.0001

Significant

AB

727.65

1

727.65

537.18

< 0.0001

Significant

AD

110.78

1

110.78

81.78

< 0.0001

Significant

BC

2090.32

1

2090.32

1543.14

< 0.0001

Significant

A^2

1605.27

1

1605.27

1185.07

< 0.0001

Significant

B^2

60.93

1

60.93

44.98

< 0.0001

Significant

Residual

28.45

21

1.35

Lack of Fit

26.51

16

1.66

4.27

0.0582

Not
Significant

Pure Error

1.94

5

0.39

Cor Total

14170.31

29

1.16

R-Squared

0.998

273.79

Adjusted R-Squared

0.9972

Coefficient of variation%

0.43

Predicted R-Squared

0.9938

Predicted residual error

87.37

Adequate Precision

167.116

Standard deviation
Mean

This implies that errors are uniformly distributed. Each actual value is compared with the
predicted value in Figure 4 which indicates that the regression model is fairly well fitted with
the actual values. Hence, the obtained second-order mathematical model for microhardness
can be regarded as significant for fitting and predicting the experimental results.
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Figure 3. Normal plot of residuals.

Figure 4. Predicted vs actual microhardness.

Comparison between experimental and regression results of microhardness were made as
shown in Figure 5. Microhardness values have reflected a similar pattern between the
experimental results and regression model results. Thus, it can be stated that the
microhardness results predicted by regression model are very close to the experimental values
of microhardness. Microhardness of joint interface produced by compound casting is
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influenced by pouring temperature, vacuum pressure and grit size of sand paper significantly.
It increases with decrease of pouring temperature and grit size of sand paper whereas it
decreases with decrease in vacuum pressure as shown in perturbation curve in Figure 6.

Microhardness by Regression

Microhardness by Experiment

Microhardness

400.00
300.00

200.00
100.00
0.00
1

3

5

7

9 11 13 15 17 19 21 23 25 27 29
Experiment No.

Figure 5 Comparison of experimental and predicted values of microhardness.

Figure 6 Perturbation plot for microhardness.
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Conclusions:
Joints of A356 alloy and pure magnesium were prepared by compound casting process. The
microhardness of joints were investigated and analyzed by response surface methodology.
The following conclusions have been drawn:


Compound casting process is an adequate method to obtain a stable bi-metallic
joint.



The chosen process parameters i.e. pouring temperature, vacuum pressure,
insert temperature and grit size of sand paper play a significant role in terms of
the microhardness of joint interface.



Input parameters and their interactions have been found to be statistically
significant for their effect on microhardness at 95% confidence level.



The second-order mathematical model for microhardness is significant for
fitting and predicting the experimental results.



The values of microhardness as predicted by regression model were observed
quite close to the experimental values of microhardness.
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Abstract
Faceted search is becoming a popular method to allow the user to interactively search in online
web shops and product comparison sites. Retrieval of information using faceted search is aimed
to reduce the number of search results quickly to finalize the results.Various techniques such as
random forest, logistic regression, K-nearest neighborhood method (KNN), Astera model, brute
force model, semantic ontology model have been used by various researchers. The objective of
this paper is to describe the techniques devised in this domain and identify the gap areas of these
techniques and the paper concludes with the key challenges that have not yet been explored.

Keywords
Faceted Search, Semantic Link, Data Mining,Probabilistic Model, Spatial Database, Navigation
System

Introduction
In day to day life, amount of online information has become overwhelmingly large, information
retrieval systems are working to connect people to the right information efficiently. Now a days,
many search systems such as commercial search engines, e-commerce websites, and digital
library catalogs, incorporated faceted navigation, commonly called as “Faceted Search” in the
literature. Users use facets to filter search results to browse items with multiple dimensions.
Presenting narrowing options (facets) is easier for users because they don’t have to know the
syntax necessary to specify their search precisely. Because facet attributes are derived from the
search result set, users are never left with an empty result set. In addition, being able to see all
available options, users can better understand how data are structured and alternatively use that
information to specify better searches in the future. Facets corresponds to properties of the
information elements. They are usually derived by analysis of the text of an item using entity
extraction techniques or from pre-existing fields in a database such as author, descriptor,
language, and format. Thus, existing web-pages, product descriptions or online collections of
articles can be developed with navigational facets.
Faceted search is a technique used by e-commerce brands to help users analyze, organize, and
filter large sets of product inventory based on filters such as size, color, price and brand.
Therefore faceted search can also be described as faceted navigation on faceted browsing.
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Customer’s lookup for what they are expect to find as fast as possible. In fact, 80% of visitors
search for a product once they hit a retailer’s site in e-commerce. This classification system aims
to increase product discoverability and conversions by denying any objects that don’t meet the
user’s selected criteria. Faceted navigation refers to how Ecommerce websites allow visitors to
filter and sort results based on product attributes. Today users are provided direct access to an
unprecedented number of electronic information sources, yet most users have difficulty utilizing
the full capacity of the substantial amount of information that information retrieval systems offer.
Techniques such as relevance feedback, term suggestion, query expansion techniques, and query
auto completion techniques are potentially effective ways to enrich the query and lead to
improved performance in the information retrieval task. Query assistance also suggests that
longer queries lead to higher satisfaction and less iteration in an interactive web searching
environment.
Within the academic community, faceted search has induced interest primarily among library
and information science researchers, and to some extent among computer science researchers
specializing in information retrieval. Faceted search gives a user the power to build an
individualized navigation path, drilling down through subsequent refinements to reach the right
document. This more effectively mirrors the intuitive thought patterns of most users.
Many researchers have worked on methods and algorithms to retrieve right information by
narrow down the search. In this paper, different existing methods have been discussed. The
methods have been compared with each other to have future aspects in the discussed area. Rest
of the paper is organized as follows. This paper contains the introduction of faceted search,
detailed survey of some recent faceted search methods and algorithms, a comparison study of
different techniques and algorithms with future directions and concludes the research work.

Literature Review
Ying Liu [1] proposed an information search and retrieval framework based on the semantically
annotated multi-facet product family ontology. The framework of information retrieval based on
semantically annotated product family ontology is shown in Fig 1. Firstly, framework develops a
multi-facet product family ontology for a type of product of interest. Secondly, product entities
with their associated properties are identified and extracted using concepts such as frequent
terms identification and term weighting for the ranking of most relevant entities or concepts.
Thirdly, the semantic annotation process is carried out with further processing of entities,
concepts and their properties upon extraction, such as the selection of feasible tags and
identification of their possible semantic relationships. This paper proposed a document profile
(DP) model to suggest semantic tags for annotation. This paper used a case study of digital
camera families that illustrates how the faceted search and retrieval of product information can
be accomplished. Finally, all the relevant results are retrieved from the design and manufacturing
repository according to the facets identified. This paper propose a simple metric called averaged
PMI (avg PMI) to measure the averaged strength of the semantic association among as a set of
features. avgPMI calculation is represented by:

662 J.C. Bose University of Science and Technology, YMCA, Faridabad
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Where wi and wj are two different terms of Maximal Frequent Sequences (MFSs) discovered and
N is the total number of features in the DP model. PMI between wi and wj is calculated based on
the probability of co-occurrence of wi and wj in a window of words over the size of corpus. This
paper worked on a small collection of 39 documents on the three D-SLR cameras. Corpus for
tags generation contains about 1, 75,000 words and an average length of about 17 words for each
sentence.
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Fig.1: Framework of information retrieval on semantically annotated product family ontology.
Flavius Frasincar [2] proposed a platform for multifaceted product search using Semantic Web
technology. This paper used the XplorePrdoducts.com having two environments. First
environment, Ping service, where the end-users can search and explore products on the Web and
an environment where Web shops were able to ping our platform with their product information
containing Web Pages. Second environment, searching on XploreProducts.com, platform uses
multifaceted category navigation, integrated with keyword search. When the user enters a query,
the SPARQL query generator translates the user’s input to a SPARQL query in order to get
relevant results from the RDF database. The XploreProducts.com firstly, they analysed the
results of the recognition of identical products, later this paper evaluated the category mapping
task of XplorePrdoucts.com, and last, user interface is evaluated. This paper worked on
collection of 700 product Web pages from both Amazon.com and Circuitcity.com.
Yannis Tzitzikas [3] proposed a survey on facet exploration of RDF/S datasets, with main
emphasis on session-based interaction schemes for exploratory search. This study defined a
precise and concise model that captured the essentials of RDF browsing approaches for recalloriented information needs, allows accessing resources in group and is applicable to O-O
information spaces (RDF/S). This model is suitable for comparing the existing approaches and
can be used as a guide for designing, implementing and evaluating new systems, APIs or
protocols. This paper described more than 30 systems in total (11 of them for single entity and 21
for multi entity type datasets like RDF/S datasets) according to the introduced aspects and the
core model.
Anusree Radhakrishnan [4] proposed architecture of facet miner as shown in Fig 2. In this,
similarity between the data items is selected using the concept of cosine similarity. K means
algorithm was used for clustering. Query was considered as XML data. An XML parsing
mechanism is used for the type conversion. Similar data are grouped together for forming the
clusters. In cosine similarity method, data are highly correlated if their cosine value variance is 0.
Dissimilar if their cosine value is 1. Depending on our condition they go for the similar data.
After clustering each of the clusters form the facets. Final results need to be arranged in a priority
wise manner. The priority is assigned from the number of frequent access of the query. Two
levels of scoring were needed, one is assigning priority for the data items within the facets and
another is assigning priority in between the facets. Priority wise list was the final result. Utility
mining was integrated to improve the searching. It adapts a cosine similarity method for finding
the similarity the data items. Utility mining is a subset of frequent pattern mining to find the
frequent pattern in the transaction database. FP growth algorithm can be used for mining the
frequent items which incorporates concept of important scoring.
Anthony C. Robinson [5] has focused on multivariate faceted search through the application of a
brute force computational process that has spatially-interesting results. General method for
partitioning, combining and computing data to identify spatially-enhanced facet combinations
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comprises of two steps. Firstly, this paper presented their method to a point dataset representing
the locations and engagement patterns of over 35,000 students taking a Massive Open Online
Course (MOOC). Secondly, they applied our method to a multivariate dataset describing
restaurant food safety violations in New York City. This paper work contributes in several ways
of the science of spatial analysis. Firstly, Loading multivariate point data, classifying the point
data and adding class information as a new field, aggregating point data using a grid or other
boundary layer, counting how many points fall in each bin for each variable and class
combination, excluding combinations that have no data and calculating G* are the general
workflow steps for identifying spatial facet combinations. Secondly, they contributed a faceted
search approach that builds upon an easy-to-understand analysis workflow.
Query facet
engine

XML list
content
extraction

Clustering

Weighting

List Data

Importance
scoring

Output facet
(link)

Query
List DB

Clustering
information

User
Search

Arrange
hierarchically

Fig.2: Architecture of facet miner algorithm
Next, method itself, which relies on a brute force approach, has been applied to two case studies.
Finally, we show how spatially-enhanced facet analysis can be readily integrated into a geovisualization interface. This research was supported by aPenn state Center for Online Innovation
in Learning (COIL) Research Initiation Grant.
Serwah Sabetghadam [6] proposed a faceted approach to reachability analysis of multimodal
graph modeled collections. This paper proposed a Astera Information model to represent
information objects from different modularity and their relationship to compute similarity. In
this, model was characterized facet as an inherent feature or property of an information object,
otherwise describe as a representation of the information object. Each object in this graph may
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have a number of facets with the aim to leverage cognitive and functional representations of
information objects to improve IR results. It comprised four types of relations between the
objects in the graph named as Semantic, Part-of, Similarity, and Facet. It incorporated the
following sequential parts. Firstly, it contains reachability analysis of relevant objects from
different topics. Secondly, it shows the effect of adding semantic and similarity links in
increasing the reachability in the graph. This paper approach is to decompose the query into a list
of facets of each modality. For this, the function of relevance score value (RSV). The RSV value
is represented by (1):
RSV (q, v) =∑𝑙𝑖=1 𝑛𝑜𝑟𝑚(𝑠𝑖𝑚(𝑞𝑓𝑖 , 𝑣𝑓𝑖 )). 𝑤𝑓𝑖

,

(1)

Where sim is the similarity function between the two facets, norm is the normalization function,
and w fi is the weight of facet fi for this query. The experiments were performed on the Image
CLEF 2011 Wikipedia collection with about 400,000 documents and images with 50 topics. The
topics were divided into four categories of easy (17 topics), medium (10 topics), hard (16 topics),
very hard (7 topics).
Xi Niu, [7] proposed a user real-time interactions with facets over search from both data science
and human factor perspectives and Random Forest Prediction model to predict facet use using
search dynamic variables which outperforms the K-Nearest Neighbors and regression models in
terms of accuracy and specificity . Random forest is an ensemble learning method for
classification, regression and other tasks that operates by constructing a multitude of decision
trees at training time and outputting the class that is the mode of the classes (classification) or
means predictor (regression) of the individual trees. Random Forest model incorporated twofold
study. First study was to adopt a data-mining approach to predict real-time facet use likelihood
during the search dynamics from an action sequence view. The second study, they conducted a
user study to better understand the “behind-the-scene” search context and added additional
insights to the results from mining the logs. Random decision forest technique correct for
decision trees habit of overfitting to their training set. Query formulation, facet operation, result
manipulation and item examination are four types of level actions conducted by users. To capture
the heuristics of query specificity, a measure called query entropy, developed to represent the
specificity of the query. Calculation equation for query entropy is
Query Entropy (q) = − ∑𝑘𝑖=1 𝑝(𝑐𝑖 |𝑞)𝑙𝑜𝑔2 𝑝(𝑐𝑖 |𝑞) ,

(1)

Where ci is a clicked result for the query q, and p (ci|q) is the probability that ci is clicked query
q.
This study chose an academic library from a research university for data collection where faceted
search is powered by the Endeca search platform through several revisions. They have conducted
the experiments with library Apache server logs data set of 1,556,707 useful records collected
during six month.

Comparison Study
This information system provides the right information efficiently to the users. Different
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methods and techniques related to this have been studied in the previous section. In this section,
a detailed comparative study of those methods has been presented and is tabulated in Table 1.

Table 1: Comparative study of Different Faceted Search Algorithms
YYYY

2010

2012

2016

2017

2017

Author

Ying Liu[1]

Flavius Frasincar[2]

YannisTzitzikas
[3]

Methodologies

Semantically annotated
multi-facet-product
family ontology using
document profile model.

XplorePrdoducts.com
platform
for
multifaceted
product search using
Semantic Web tech.

Session-based
interaction
model
for
datasets.

schema
RDF/S

AnushreeRadhakrishnan
[4]

Query Facet Engine for
easier search Results.

Anthony C.Robinson
[5]

Brute Force Method for
spatially-enhanced facet

Pros

Cons

Provides way how we
can derive new product
variants based on the
designer’s query of
requirements via faceted
search.
Good decision support
and design analysis.
Processing of RDF
annotated HTML pages
and aggregation of
product
information
coming from different
stores is easy.
Deals with the issue of
heterogeneous
information.
Identifies different kinds
of information needs,
information structures
and
configuration
requirements for RDF/S
data.
Model is suitable for
comparing the existing
approaches as well as it
can also be used as
guide for designing,
implementing
and
evaluating new systems,
APIs
or protocols.

Performance
degrades
with
complex texts e.g.
test reports involving
different
branded
products.

Facet search eliminate
multi linking and multipage search method.
Avoids the usual web
search problems.
Improves the searching
performance.
Can be easily integrated
into
a
geovisual
analytics
system
through a simple user
interface.

Antonyms,
Synonyms
and
product names of
different lengths.

Scalability
issues
when deal
with
exploration of big
data.
It
Cannot
be
specifically designed
for
exploratory
search systems due
to
uncertainty,
provenance
issues
and trust.

Difficult to predict
K-Value due to use
of
K-means
Algorithm.
Didn’t work well
with global cluster.
Must required to
select a classification
scheme to apply to
each variable.
Requires a level of
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analysis.

SerwahSabetghadam
[6]
2018

Reachability analysis of
multimodal graph using
Astera model.

1.Random Forest
2019

Xi Niu[7]

2.K-Nearest
Neighbours(KNN)

Solves
the
simple
problem of identifying
which
combination
contains observations to
explore
and
which
combination
has
potential pattern of
spatial significance.
373% recall gain for
very hard topics by
using Astera model.
By adding semantics
links to collection, 10%
overall recall.

Search
Dynamic
Variables.
Accuracy of 0.7804 and
specificity is more.

generalization
in
order to support
combinatorial
analysis.

Weights of different
facets based on this
analysis of their best
combination.
Recall for easy and
medium topics are
mainly reachable in
initial steps only.
Less sensitivity.

Moderate Accuracy.
More sensitivity &
moderate specificity.

3.Logistic Regression
Performs well
numbers only.

with

Less
Accurate,
Sensitive & specific.

A critical look at the available literature indicates the following issues which need to be
addressed in future research.
 The Navigational search system works well in a situation where the size of search result
set is intractable.
 Search time to be minimized and enhanced accuracy is a concern.
 To build a facetedsearch system containing should be more robust and integrated with
different facets and filters so as to retrieve relevant faster results in less time.
 The collection of data is a very challenging task.
 Researcher can work in this direction to build a novel faceted search algorithm.

Conclusions
Narrow down the search result. Faceted search system is having numerous applications in several
domains like a commercial search engine, E-commerce websites and digital library catalogs etc.
Some authors proposed a predictive model for search dynamic variable while some authors
focused on reachability analysis. Accuracy in the faceted search system is a major concern by all
of them. In this paper, a considerable survey on various faceted search methods and algorithms
has been carried out. Each of the methods having its pros and cons has been tabulated and can be
used to accomplish searching tasks more efficiently through data mining techniques.
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Abstract- With the ever increasing demand of power for the sustaining of humans
civilization and the threat of depletion of conventional energy sources, focus has been
centered to the possibilities in renewable energy during the recent past to accomplish the
energy requirement. The Self Excited Induction Generator has been identified as an ideal
alternative to the well known synchronous generator for meeting the growing demand of
electrical energy. As a matter of fact, various researches and experiments have been done
to optimize the performance and characteristics of Self Excited Induction Generator. The
objective of this paper is to get an insight of the literature of research on Self Excited
Induction Generator in the last three decades.
Keywords- Self excited induction generator, Voltage built up, Steady state and transient
analysis.

1. Introduction:
To maintain the balance between the supply and demand of electrical power for the much
electrified modern world, renewable energy sources like wind energy, solar energy, bio
gas etc. have been marked as promising alternatives to replenish the requirement of
power [1-6]. The Self Excited Induction Generator, abbreviated as SEIG, being used for
the conversion of wind energy into electrical energy, has become a popular alternative
source of energy. This is because of some of the outstanding features exhibited by SEIG
like its simplicity, robustness, ease of maintenance, lesser unit cost etc. The SEIG is
actually an induction machine being operated in the generating mode. A three phase
capacitor bank, when connected across the induction machine, provides the excitation,
thereby inducing an emf in the winding of the machine. Accordingly, the SEIG, with a
three phase capacitor bank as an auxiliary, is called a self excited SEIG. With the three
phase capacitor bank being connected, the SEIG becomes the source of power supply in
isolated mode. Like any other machine, there are various structural and operational
characteristics of SEIG. With the advent of power electronic convertors, the SEIG has
been embellished with the precise control over its operating characteristics. The SEIG has
some outstanding advantages such as reduced maintenance cost, ruggedness, brushless
construction in squirrel cage type, absence of external dc excitation etc.
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Although the potential of SEIG as an isolated source of power supply has been accredited
widely for a number of years, it too suffers from some serious drawbacks. Firstly, the
SEIG exhibits a poor voltage regulation. The reason is that the SEIG is not able to
generate reactive power, rather consumes it. Besides, being operated in saturation region,
the efficiency of SEIG may be very low.

2. Classification:
The classification of SEIG may be done on the basis of two different aspects. Depending
upon the construction of rotor, the SEIG may be two types:
(i) Wound rotor induction generator
(ii) Squirrel cage induction generator
Depending on the type of prime movers, which may be constant speed or variable speed
and their location with respect to the power networks, the generating system may be
classified as under [7-8]:
(i) Constant speed constant frequency
(ii) Variable speed constant frequency
(iii) Variable speed variable frequency
We now briefly describe these classifications as follows:
(i) Constant speed constant frequency:
According to T.S. Jayadev [7 ], by the continuous adjustment of blade pitch in
conjugation with the generator characteristics, a constant speed characteristic is obtained
from the prime mover. The operating speed range of an induction generator on an infinite
busbar in terms of slip is 1% to 5% above the synchronous speed.
(ii) Variable speed constant frequency:
The variable speed operation of wind energy generating system yields higher output at
low as well as high wind speeds as explain by Dezza et al [9]. This property is exhibited
by both horizontal and vertical axis wind turbines. The constant frequency output from a
variable speed turbine may be achieved by two prominent methods.
(a) AC-DC-AC link and
(b) Double output induction generator (DOIG)
A brief explanation of these methods is given below:
(a) AC-DC-AC link: In this scheme, with the help of high power rated thyristor, the AC
output of the alternator is rectified and subsequently inverted to AC with the help of
inverters. The frequency, being fixed by the power line, remains constant [9].
(b) Double output induction generator (DOIG): The DOIG is in fact a three phase wound
rotor machine which is mechanically coupled to a wind or hydro turbine. Its stator
terminals are connected to the utility grid having constant voltage and constant frequency
[10-11]. The output having variable frequency is fed into the AC supply through and ACDC-AC link converter. Here,it may be noted that in generation by DOIG, the output
power may exceed the rating of the machine. However the DOIG exhibit some
operational disadvantages, which a bottleneck to its widespread use. Besides, being
exposed to the atmosphere, it has low power factor and its maintenance is somewhat
difficult. Further, as it needs grid supply to maintain excitation, it is not suitable for
isolated power generation.
(iii) Variable speed variable frequency:
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As the applications of resistive heating are independent of frequency, the SEIG in this
mode of operation is suitable for this job [12].

3. Voltage built up process and methods of self excitation:
For the voltage to develop across the SEIG, excitation needs to be provided externally.
The machine needs the excitation in the form of reactive power. There are two methods
for supplying this reactive power.
(a) Grid connected mode
(b) Isolated mode
In the grid connected mode the induction generator can draw reactive power from the
grid. In the isolated mode, a suitable capacitor bank connected across the generator
terminals provides the excitation. This phenomenon is known as “capacitor self
excitation” and the induction generator exhibits a new name “SEIG”.
In a way much similar to that observed in DC generator, it is essential to have a suitable
value of residual magnetism in the rotor of the SEIG, failing which there will be no
voltage built up. When the SEIG starts running a small voltage is induced in the rotor
circuit because of the residual magnetic field. This induced voltage causes a capacitive
current to flow. This capacitive current provides an increment in the voltage. This is a
cumulative process and it goes on until the voltage is completely built up. Graphically ,
the no load terminal voltage is given by intersection point of the magnetization curve of
the generator and capacitive load line [13]. An adequate amount of the magnetizing
current by the capacitor makes it possible to achieve a required voltage.

4. Modelling:
Different authors have suggested different models of SEIG for its analysis in steady state
as well as its behaviour in transient state. An optimum model of SEIG is accomplished by
considering the main flux path saturation while the saturation in leakage flux path, the
iron an rotational losses being neglected. Malik and Haque [14] have demonstrated that in
addition to voltage and frequency, steady state analysis can be used to estimate the
minimum value of excitation capacitance required for excitation as well as for
maintaining the terminal voltage of the induction machine, a constant.
An essential requirement for the modelling of SEIG is to transform the time varying
parameters into mutually decoupled direct and quadrature axis. This model is known as
d-q model. In this context, Stanley [15] has presented an analysis based on direct three
phase model using phase variables being presented in shifted reference axis. The time
varying parameters of an induction machine may be eliminated by referring the stator and
rotor variables to an arbitrarily rotating reference frame, as suggested by Krauss &
Thomas [16]. For an optimum analysis of SEIG, the d-q model has emerged as the best
with current being taken as state variables and using the d-q model, it is possible to make
the analysis in any reference frame, be it stationary or rotating. Rijwan khan et al [17]
have analysed the model of a single phase two winding SEIG derived from double field
revolving theory. This model has successfully explained the steady state behaviour of
SIEG subject to the prior information about frequency and magnetizing reactance. The
phenomena of self excitation in SEIG has been physically interpreted by Elder et al [18].
The core loss component, being neglected earlier, has been considered by Malik & Haque
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[14] for analysing the performance of SEIG. The upper and lower limits of the
capacitance and speed of SEIG necessary to maintain the self excitation are determined in
[19-20]. The study of SEIG, driven by regulated and unregulated prime movers has been
done in [21-22]. Uctug & Demirekler [23] have presented a linear model of SEIG
describing a wide variation in the speed. They have also suggested a strategy to maintain
the voltage and frequency constant.
In the modelling and analysis of SEIG, the assumption of a linear circuit for SEIG failed
to explain some transient condition like the switching transients. The inclusion of
saturation in dynamic model has emerged as a solution for this problem. With the
inclusion of saturation, extensive work has been done in this area as presented in [24-26].

5. Control of voltage and frequency:
Despite of being a simple and efficient machine for conversion wind energy into
electrical energy, there are two major drawbacks of SEIG. The first is the poor voltage
regulation and the second is the need for reactive power support. The loads in power
system, being mostly inductive in nature, require the supply of reactive power, in the
absence of which voltage variations may occur. According to Malik et al [20], the
requirement of capacitance in a SEIG is proportional to the square of the speed and the
maximum value of saturated magnetizing reactance. Sridhar et al [27] have suggested a
method to determine an optimum value of the capacitance for a short shunt SEIG. Here, it
may be noted that if a simple shunt configuration is replaced with short or long shunt
design, we may have better voltage regulation, although some problems likes sub
synchronous resonance are also associated with this design. A synchronous machine, in
over excited mode can also provide reactive power compensation. However this is not a
one sided agreement, as it costs the active power generation. The reactive power
requirement of SEIG at different speeds and loading conditions can not be met by fixed
capacitors. A combination of fixed and switched capacitor as suggested by [28] can
provide sufficient reactive power needed by a SEIG over a wide range of operating
speeds. However, The methods mentioned above for the reactive power control have
some short comings also and they are not the perfect alternatives. With the advent of
power electronic devices in recent time, Static VAR Compensator (SVC) has been
conveniently used for the continuous and rapid control of reactive power in an isolated
wind-diesel hybrid system [29] where the induction generator is used for wind system
and the synchronous generator is used for a diesel generator set.
As the frequency of an isolated generating unit varies considerably with the varying load
conditions, a governor control system has been emerged as a solution to this problem.
The governor control system adjusts the turbine flow in accordance with load demand.
Owing to the high cost of governor and complexity in operation, the load controller may
be used to regulate the generator frequency as suggested by Woodward [30]. A variety of
different load controller schemes for both the induction generator and synchronous
generator are suggested in [31-32]. Load controller consisting of a thyristor bridge with
pulse control and a chopper with pulse width control for the separate regulation of real
and reactive power for the SEIG has been suggested by Bonert & Raja karuna [31] and
Bonert & Hoops [33]. For the frequency control of wind diesel system, a combination of
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diode bridge and pulse width modulation (PWM) chopper has been suggested by Stein et
al [34].

6. Steady state and transient analysis:
According to the mathematical analysis presented by Murthy et al [35], equivalent loop
impedance has been represented in the form of polynomials and further, the polynomials
are separated in real and imaginary parts. They are solved using Newton-Raphson
method and hence the frequency and the magnetizing reactance are obtained.
Subsequently different authors have suggested different techniques for the determination
of frequency and magnetizing reactance. The approach of Quazene et al [8] was to use a
nodal admittance technique to obtain a nodal equation. According to Jain et al [36] an
algebraic equation is solved for the initial value of the frequency and then the exact
solution is obtained by Secant method. According to Raja karuna [22], using an iterative
technique based on approximate equivalent circuit and mathematical model for B-H
curve, a non-linear equation in frequency can be obtained. Singh et al [37] have
suggested an optimization technique in which frequency and magnetizing reactance are
considered as independent variables. By allowing the variations in the value of these
variables, practically acceptable values are obtained. Observation made in [38-40]
suggest that by changing the number of poles of a SEIG, more wind energy can be
harnessed under the condition of varying wind speed. The conclusion is that at lower
speed of prime mover, the machine is to be run with six poles and at a higher speed of
prime mover a smaller number i.e. four poles is optimum. A comparably simple approach
to steady state analysis of the SEIG has been suggested by Sandhu et al [41] in which a
quadratic equation in slip is solved for the analysis. The maximum and minimum value of
the excitation capacitance has been determine by Wang et al [42] in which eigen value
based approache is adopted. A general analysis of a three phase SEIG with an
asymmetrically connected load and excitation capacitance has been presented in [43]
using the method of symmetrical components. An optimization based approach for the
analysis of the SEIG has been presented by Alolah et al [44]. Various dynamic models
have been suggested to study the transient behaviour of induction machine.
The parameter concerned to most of the transient studies are voltage built up due to selfexcitation and load perturbation. The performance of short shunt SEIG in transient mode
is presented in [25]. Major success has been achieved in predicting the transient
behaviour of an induction machine by d-q model in stationary reference frame using
current as state variables. The transient analysis of the SEIG by considering the main flux
saturation has been suggested by Granthm et al [45]. The importance of cross saturation
has been depicted by Hallenious et al [46]. The dynamic performance of the SEIGs
operating in parallel has been presented by Wang and Lee [47]. They have also calculated
the minimum value of shunt excitation capacitance. Jain et al [48] have investigated the
behaviour of SEIG with due consideration to the effects of main and cross flux saturation
for various modes of unbalancing like line to line short circuit. More works are being
carried to investigate the response of the SEIG to these fault.

7. Conclusion:
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This article has revealed a comprehensive literature review of some of the critical feature
of the SEIG such has modelling, voltage and frequency control etc. It is observed that the
SEIG is an economic and efficient alternative source of electrical power for the localities
isolated from utility grid. This exhaustive literature survey leads to the fact that the SEIG
is superior to a synchronous generator in many aspects. Apart from being suitable for
wind and mini hydro plant, it also works well with prime movers driven by other sources
such as diesel, biogas, natural gas etc. A lot of more work and research can be carried out
to enhance the capabilities of SEIG for optimum harnessing of some non-conventional
energy sources.
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Abstract—Recommendation system is part of an information filtering system which uses “ratings” or “preferences” to predict
the items for the users. For the purpose of recommendation, techniques like Collaborative Filtering, Content- based filtering,
Hybrid approach are used to get the optimized results. Hybrid approach is a combination of both Collaborative and Content –
based filtering and also overcomes the disadvantages of basic techniques when used individually. Apart from these approaches
there are various other ways to optimize recommendation. These approaches can be the combination of two or more models
coming from different fields like machine learning and deep learning. In this paper, the various techniques used for
recommendation is reviewed and comparison between them on the basis of their test results is done.
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Neural Network

I.

INTRODUCTION

Recommender system or sometimes called Recommendation Engine [1] plays a major role in bridging the gap between users
and online sites. It has made users online experience much more expressive and to the point. Recommendation system uses
various algorithms to accomplish its goal of providing an experience of personalized recommendation to its users.
Recommendation systems are used by e-commerce, social media and all content-based websites. For providing the
recommendation, the system requires Big Data [2] to create the profile of users. Big data is a huge dataset that is used to reveal
patterns and trends. Any large quantity of information, from box office collection of movies to social media content[3], can be
considered big data.
Advancement in Data Science [4] has brought a change in the way we share, communicate and receive information.
Considering how big data has changed a user’s experience in various fields. Companies like Netflix and Amazon collects
thousands of data points from several places to recommend to the users with the help of a tool called Recommendation Engine.
The need of recommendation engines and personalization has gain a momentum as there is a huge variety of choices available
on the internet. Data science has enhanced the ability to choose and explore from the provided lot according to the requirement
by just recommending the product of user’s interest.
Recommendation approaches

Content-based approach

Collaborative filtering

Memory based

User based
algorithm

Hybrid approach

Model based

Item-to-Item
algorithm

Figure 1: Approaches used for recommendation
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There are various potential methods to make a recommendation engine work. Few of the famous techniques are Collaborating
Filtering[5], Content- based filtering[6] and Hybrid approach[7]. Collaborative filtering makes recommendation on the basis of
a user’s behavior as well as its neighbor’s behavior. It makes a model according to the choice pattern of user and its neighbors
whereas content based approach is completely based on a user’s actions. Content based approach maps the user’s likes and
dislikes over a particular product and then provide recommendations accordingly. Out of the available approaches, most of the
recommendation systems use the third approach named as Hybrid, which is the combination of collaborative filtering, contentbased filtering and other approaches like artificial neural network and deep neural network as this approach can provide more
accurate recommendations than the independent approaches.
The main aim of this paper is to discuss some of the existing recommendation techniques given by the authors in the recent
past and compare them based on various parameters. The paper is organized in various sections which are as follows: Section
1, Introduction of the recommendation system, Section 2 consists of literature review where few of the recommendation
engines and the research work done so far in this field is focused, Section 3 compares these approaches on the basis of some
parameters like techniques used, performance etc., Section 4 provides a brief description on the various recommendation
approaches. Section 5 concludes the review with the future scope in the field of recommendation engine.
II.

RELATED WORK

A lot of a research has been conducted to explore the best recommendation technique. The techniques providing the optimized
prediction result for a given problem in a real time is considered to be the best. For different genre or area of problem, a given
recommendation may provide a different result. The expected output can be obtained by combining two or more
recommendation techniques.
 Soma Bandyopadhyay et al.[8] proposed the technique which combines collaborative filtering with artificial neural
network[9]: This begins with Collaborative filtering where we apply similarity computation between item and user. For
this, either weight 𝑤𝑘,𝑙 or 𝑤𝑚,𝑛 is calculated between two items k and l or between two users m and n, respectively. Here, k
and l are the items which have been rated in a similar manner by the users whereas m and n are the users having same
preferences of items. To calculate the similarity we have various similarity equations to use.
Coorelation- based similarity: In this, Weight of users (𝑤𝑚.𝑛 ) or items (𝑤𝑘,𝑙 ) is computed by Pearson correlation (PC).
PC is computed between users m and n using this equation:
𝑤𝑚,𝑛 =

∑ 𝑘∈𝐼(𝑟𝑚,𝑘 − 𝑟̅𝑚 )(𝑟𝑛,𝑘 − 𝑟̅𝑛 )
√∑ 𝑚∈𝐼(𝑟𝑚,𝑘 − 𝑟̅𝑚 )2 √∑ 𝑘∈𝐼(𝑟𝑛,𝑘 −𝑟̅𝑛 )2

(1)

Here, k∈ 𝐼 summations are the items rated commonly by user m and n, 𝑟̅𝑚 denotes the average rating of the co-rated items
of the mth user.
PC is computed between items k and l using this equation:
𝑤𝑘,𝑙 =

∑ 𝑚∈𝑈(𝑟𝑚,𝑘 − 𝑟̅𝑘 )(𝑟𝑚,𝑙 − 𝑟̅𝑙 )
√∑ 𝑚∈𝑈(𝑟𝑚,𝑘 − 𝑟̅𝑘 )2 √∑ 𝑚∈𝑈(𝑟𝑚,𝑙 −𝑟̅𝑙 )2

(2)

Here, m∈ 𝑈 is the set of users who rated both items k and l, 𝑟𝑚,𝑙 is the rating of the user m on item k and 𝑟̅𝑘 is the average
rating of the kth item by same users.
Vector Cosine-based similarity: Here, instead of word frequencies ratings are used and instead of documents, either
users or items are used. Vector Cosine similarity between the item k and l is as follows:
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⃗ , 𝑙) =
𝑤𝑘,𝑙 =cos(𝑘

⃗ .𝑙
𝑘

(3)
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||𝑘

Adjusted Cosine similarity: This is calculated using the following equation:
𝑞

Sim(𝑘𝑥 , 𝑘𝑦 ) =

̅𝑝 )∗(𝑀𝑝,𝑦 −𝑀
̅𝑝 )
∑𝑝=1(𝑀𝑝,𝑥 − 𝑀

(4)

𝑞

̅𝑝 )2 ∑𝑚 (𝑀𝑝,𝑦 −𝑀
̅𝑝 )2
√∑𝑝=1(𝑀𝑝,𝑥 −𝑀
𝑘=1

̅𝑝 denotes average rating value of user P on all items.
Here 𝑀𝑝,𝑥 denotes the rating of user P on item 𝑘𝑥 , and 𝑀
After finding similarity with active user, a subset of nearest neighbors is picked. Then, a weighted aggregate of their
ratings is calculated for generating predictions in future. The weighted sum is as follows:
𝑝

𝑀𝑎,𝑡 =

∑𝑙=1(𝑀𝑎,𝑙 𝑠𝑖𝑚(𝑘𝑙 ,𝑘𝑡 ))
𝑝

∑𝑙=1 𝑠𝑖𝑚(𝑘𝑙 ,𝑘𝑡 )

(5)

Here, 𝑀𝑎,𝑡 denotes the prediction value of target user Ua on target item k t . Only P most similar items are used to generate
the predictions.
After applying Collaborative filtering, Artificial Neural Network (ANN) comes into play which uses Feedforward Neural
Network (FFNN) and Backpropagation Algorithm (BPA) to deliver the final optimized result.
Feedforward Neural Network (FFNN): It moves information from input nodes to the output nodes in a forward
direction through hidden nodes. Here, the weight represents the knowledge of the network and the weighted sum of the
input id calculated which acts a new input for the next layers. This is an iterative process and keeps processing until we
have a final output.
Backpropagation Algorithm (BPA): This is used to measure the overall error due to the neuron in the network. Here,
each weight is adjusted in proportion to its contribution in the error. To achieve a good prediction result, error of each
weight should be minimized.


Ankita Gupta et al.[10] proposed the techniques which used a combination of Content based approach and Collaborative
Filtering: This technique is applied to recommend music to the users for which content based similarity is computed
between the user’s chosen song and other songs present in the database. Artist is used as a common factor for similarity
between the songs. Cosine similarity[11] is calculated used where play count and number of artist acts as two vectors.
Cosine similarity formula modified for this problem is as follows:
Cosine similarity =

=

𝐷𝑜𝑡 𝑃𝑟𝑜𝑑𝑢𝑐𝑡
𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑒𝑐𝑡𝑜𝑟𝑠
(𝑁𝑜.𝑜𝑓 𝑐𝑜𝑚𝑚𝑜𝑛 𝑎𝑟𝑡𝑖𝑠𝑡𝑠 𝑡𝑜 𝑏𝑜𝑡ℎ 𝑠𝑜𝑛𝑔𝑠)+(𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑜𝑓 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑡𝑖𝑛𝑔)
√𝑁𝑜.𝑜𝑓 𝑎𝑟𝑡𝑖𝑠𝑡𝑠 𝑓𝑜𝑟 𝑠𝑜𝑛𝑔 1+(𝑅𝑎𝑡𝑖𝑛𝑔 𝑜𝑓 𝑠𝑜𝑛𝑔 1)2 )∗

(6)

√𝑁𝑜.𝑜𝑓 𝑎𝑟𝑡𝑖𝑠𝑡𝑠 𝑓𝑜𝑟 𝑠𝑜𝑛𝑔 2+(𝑅𝑎𝑡𝑖𝑛𝑔 𝑜𝑓 𝑠𝑜𝑛𝑔 2)2

The top-n songs with the highest similarity scores act as input to collaborative approach.
Collaborative approach uses Centered Cosine approach to calculate similarities between the ratings provided by different
users for the 2 songs under comparison.
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Cosine Similarity =

∑(𝑅𝑎𝑡𝑖𝑛𝑔 𝑓𝑜𝑟 𝑆𝑜𝑛𝑔 1 𝑏𝑦 𝑢𝑠𝑒𝑟 𝑘)∗(𝑅𝑎𝑡𝑖𝑛𝑔 𝑓𝑜𝑟 𝑠𝑜𝑛𝑔 2 𝑏𝑦 𝑢𝑠𝑒𝑟 𝑘)
[√∑(𝑅𝑎𝑡𝑖𝑛𝑔 𝑓𝑜𝑟 𝑠𝑜𝑛𝑔 1 𝑏𝑦 𝑢𝑠𝑒𝑟 𝑘)2 ]∗ [√∑(𝑅𝑎𝑡𝑖𝑛𝑔 𝑓𝑜𝑟 𝑠𝑜𝑛𝑔 2 𝑏𝑦 𝑢𝑠𝑒𝑟 𝑘)2 ]

(7)

The top 10 results are displayed to the user.


George Lekakos et al.[12] proposed the techniques which describe Hybrid approach (Content-based + Collaborative
filtering): To implement hybrid, both content based and collaborative algorithm is used.
Pure collaborative filtering: Here neighborhood-based algorithm is used. Computation of similarities between active user
and the remaining user, for which Pearson Correaltion is used,
r=

̅)(𝑉𝑘 −𝑉
̅)
∑𝑘(𝑈𝑘 −𝑈
̅)2 ∑𝑘(𝑉𝑘 −𝑉
̅)2
√∑𝑘(𝑈𝑘 −𝑈

(8)

̅, 𝑉̅ refer to the mean values of available ratings for the
where, Uk and Vk are the ratings of users U and V for movie k and 𝑈
users U and V. To make the calculation faster, a modified formula was used here to avoid calculating with averages.
r=

𝑛 ∑𝑘 𝑈𝑘 𝑉𝑘 −∑𝑘 𝑈𝑘 ∑𝑘 𝑉𝑘

(9)

√𝑛 ∑𝑘 𝑈𝑘2 −(∑𝑘 𝑈𝑘 )2 √𝑛 ∑𝑘 𝑉𝑘2 −(∑𝑘 𝑉𝑘 )2

After finding the similarity, the weighted average of all neighbor ratings is calculated using the following formulae:
𝑃𝑘 = 𝑃̅ +

∑𝑙∈𝑁𝑒𝑖𝑔ℎ𝑏𝑜𝑟𝑠(𝑙𝑘 −𝑙 )̅ 𝑟𝑝𝑙
∑𝑙 |𝑟𝑝𝑙 |

(10)

Where, Pk is the prediction for movie k. 𝑃̅ is the average mean of active user’s rating. lk is the rating of neighbor L for the
movie k, 𝐿̅ is the average mean of neighbor L’s ratings and 𝑟𝑝𝑙 is the pearson correlation measure for active user and
neighbor L.
Pure Content Based Predictor: To calculate similarity between two movies, cosine similarity is used as follows:
Cos(𝑥 , 𝑦) =

⃗
𝑥 .𝑦
||𝑥||∗||𝑦⃗||

=

∑𝑘 𝑥𝑘 𝑦𝑘
√∑𝑘 𝑥𝑘2 √∑𝑘 𝑦𝑘2

(11)

Here 𝑏𝑘 and yk are the values of kth elements of vector 𝑥 , 𝑦.
To combine content-based and collaborative filtering predictions, formulae is used where MaxSim, MinSim is the
maximum and minimum similarities for movies in a∈A to U and Simk is the similarity of a movie Mk to the set U. U is a
set of movies rated positively by users and A is a set of candidate movies for recommendation. The numerical prediction
Prk is calculated as follows:
Prk =

(Simk − MinSim)∗4

+1

(MaxSim−MinSim)

(12)

This formulae normalizes similarities from [MaxSim, MinSim] to [1,5] which is the rating scale used in collaborative
filtering.
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Tulasi K. Paradarami et al.[13] proposed the techniques which combines Deep learning neural network and Collaborative
Filtering: Let A is the dataset having x reviews, y content and collaborative features also includes bias term. Formulae of
neuron in hidden layer is as follows:
𝐿(ℎ) = 𝜎((ℎ)𝑇 L(h−1) + b (h) )

(13)

Here 𝐿(ℎ) is a vector representing all neuron in the hidden layer h, (ℎ) is a weight matrix in layer h. b (h) is the bias term
and 𝜎 is the activation function. All the neurons of a network are a nonlinear combination of inputs L(h−1) weighted by the
parameter θj , where j is the number of nodes in hidden layer h.
This approach uses 5 neurons in the output layer such that each output neuron corresponds to a rating and predicted rating
of the observation is given by calculating the neuron with maximum probability. To calculate the probabilities, sigmoid
function is used.
Pr(Xj = c|L(0−1) , (0) =

(0)𝑇 (0−1)
𝐿

𝑒 𝜃𝑐

(14)

(0)𝑇 (0−1)
𝐿

𝜃
∑𝑚=5
𝑚=1 𝑒 𝑐

Here (0) represents weight matrix for the output layer.
To compute gradient descent, partial derivatives of the cost function for each weight in all the layers of a network,

𝑑𝐶
𝑑
h

,

should be calculated. Let z h represent the linear combination of inputs and weights in layer h in such a way that z ∈
Rj where is the number of nodes in h layer.
𝑧 (ℎ) = (ℎ)𝑇 L(h−1) + b (h)

(15)

For collaborative filtering, similarity functions are applied. Let R(v, j) is the rating to be computed for user v and item j. V
is the set of users that have rated the item j and sim(v, vk ) is the similarity between the users v and vk .
R(v, j) = ∑𝑖∈𝑉 𝑠𝑖𝑚( v, vk ) ∗ r(vk , i)

(16)

In a user based collaborative filtering recommendation system, predictions are generated by the using the following
formulae:
Pv,j = 𝑟̅𝑣 +

∑𝑣 ∈𝑀 sim(v,vk )∗(rv,j − r̅v )
𝑘
k
∑𝑣 ∈𝑀 |𝑠𝑖𝑚 (v,vk )|

(17)

𝑘

M here is the set of all users that have rated the item j, 𝑟̅𝑣 is the average rating by the user v, rv,j is the rating of item j by
user v and sim(v, vk ) is the similarity between v and vk .


Guangqi Wen et. al[14] proposed the techniques which combines PersonalRank algorithm and TensorFlow Network: The
PersonalRank algorithm calculates the importance of each node by means of material diffusion. From the user collection
of (P,Q,R,…,Z) and book collection (p,q,r,….,z) let us select reader P to recommend and initialize:
R(P)=1, R(Q)=0, ….., R(T)=0, R(U)=0, …., R(Z)=0
After initialization of walk, the starting point must be a point where R is not equal to zero. The probability of going to
next point after the start of walk is 𝛾 and the probability of not going to the next point but staying at current is 1 – 𝛾. Let
current node be k and node of reader P be K. So, important value is calculated by given formulae:
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𝛾 × ∑𝑘 ′∈𝑖𝑛(𝑘)

R(k) = {

𝑅(𝑘 ′ )

𝑘≠𝐾

|𝑜𝑢𝑡(𝑘 ′ )|

(1 − 𝛾) + 𝛾 × ∑𝑘′∈𝑖𝑛(𝑘)

𝑅(𝑘 ′ )
|𝑜𝑢𝑡(𝑘 ′ )|

(18)
𝑘=𝐾

TesnorFlow is an open source library which works on machine learning and deep learning system. Under TensorFlow,
content based recommendation model is used, which is divided into two parts. At first, similarity is calculated between
readers and books using complied data and then clustering is applied between similar objects.
Loss value of training model is calculated by:
1

Loss1 = ∑𝑘𝑞=1 ∑Pr(𝑃,𝑞)=1 ((𝜃 (𝑞) )𝑇 × 𝑥 𝑃 − 𝑦 (𝑃,𝑞) )2
2

(19)

k represents the number of readers: r(P,q) represents pseudo-score table; (θ(p) ) represents the preference of q user, 𝑥 𝑃
represents the feature of P book and K represents no. of features.


(𝑞) 2
Loss2= ∑𝑘𝑞=1 ∑𝐾
)
𝑙=1(𝜃𝑙

(20)

2

Loss 2 denotes regularization term which prevents training data from over fitting.
Loss = Loss1 + Loss 2
(21)
After calculating the loss value further calculations are carried for optimization.
III.

COMPARISON OF TECHNIQUES

A comparative analysis of the various recommendation techniques is done in Table 1. This table provides a complete
description about the different techniques used for a particular approach. The dataset on which the techniques are applied,
various input parameter and performance metric is also explained briefly.
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Table1.

Reference

Approach

Comparison based on approaches

Dataset

Techniques used
 Neighborhood
based CF
approach,
 Feedforward
Neural Network
(FFNN)
 Backpropagation
Algorithm (BPA)
 R Scripts
 Cosine similarity

[8]

Collaborative
filtering +
Artificial Neural
Network

Student dataset

[10]

Content based
similarity,
Collaborative
filtering
similarity

Music library
with label
records

[12]

Hybrid
(Collaborative
filtering, Content
based filtering)

MoRe (Movie
Recommendation
System)

 Neighborhoodbased algorithm
and cosine
similarity

[13]

Deep Learning,
Collaborative
Filtering

Yelp Academic
Dataset

[15]

PersonRank and
TensorFlow
Network

Data of Qinghai
University
Library

 Euclidean
distance
 cosine similarity
 Pearson
correlation
 PersonRank
Algorithm
 TensorFlow
(Content – based
recommendation)

IV.

Input
Parameters
 Item based
similarities on
the user-item
matrix

Performance
Metric Used
Mean Absolute
Error (MAE)

 Play count of
song per user
 Song
 artist attributes
like name, ID
 Movie
contributors
(cast, director,
writers,
producers)
 The genre
 The plot
words
 user – user
similarity
 User data
 Business data
 Reviews

Play Count

 User
collection
 Book
collection
 Borrowed
books

AUC indicator
evaluation

Mean Absolute
Error (MAE)

Stochastic
Gradient
Descent

COMPARISON OF SOME OTHER PARAMETERS

Table 2 provides comparison on the basis of some other basic parameters like problem worked upon, their
advantages and disadvantages with future work.
Table2.

Reference
[8]
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Problem worked upon
To increase
product sales, one-toone recommendation

Comparison based on basic parameters
Advantage
Performance of
model was found to
be better for

Disadvantage
Can’t be used on
large dataset

Future work
The model can be used for
prediction and
recommendation for newly
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[10]

Works on limitations of
traditional
Recommendation
System (RS)

[12]

Accuracy of
Recommendation
System

[13]

Logloss and rating
misclassification error

[15]

Data sparsity and
recommendation
acuuracy

personalized
recommendation
Approaches used
spans different itemuser parameters for
making
recommendation
Substitute hybrid
recommendation
method improves
performance of
collaborating filtering
in terms of both
accuracy and
coverage
Improves scalability

Applicable to data
sets with large data
sparsity and provides
higher accuracy than
traditional
recommendation
system

V.

added items
Works for a few
attributes

More parameters/attributes
will be added

Accuracy is
affected in large
datasets

Graphical User Interface and
how this influences ratings

This research did
not use geospatial
data of business
sites
Less accuracy for
data set with large
data volume and
comprehensive
information

Enhance model training and
predictive ability

Increase accuracy for large
data volume

CONCLUSION

The tables in the paper provide a comparison of various techniques based on different parameters like input
parameters, approach, techniques used, dataset used, etc. The algorithms taken into consideration are basically
Recommender System algorithms which use hybrid approaches, collaborative filtering and content based
approaches. The basic input parameters are user and item parameters. Different datasets are used here like music
library records, student records, etc. The future scope of this paper will be to work on the disadvantages of these
algorithms as mentioned in Table 2. The future work may dissolve problems like cold start[15], data
sparsity[16], etc in order to enhance the accuracy of these algorithms.
VI.
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Abstract
Industrial pollution due to heavy metals and dyes is a common environmental problem faced wide.
Heavy metals are non-biodegradable elements and tends to accumulate and magnify in living
organisms causing diseases and disorders. Dyes are also toxic and carcinogenic in nature.
Therefore, removal of heavy metals and dyes becomes important. There are a number of
methods are used for removal of heavy metals and dyes like liquid-liquid extraction,
electrodialysis, coagulation, membrane filtration, etc. Adsorption is considered to efficient
process among all these processes as adsorption is eco-friendly, and can be reused after
regeneration and desorption. This paper provides an overview on synthesis of Iron based
nanoparticles with different materials and plant extracts. The main focus is that a single
modified Iron based nanoparticles show high affinity for the adsorption of heavy metals and
dyes. A detailed comparison of reported heavy metals and dyes in order to rank them and to
predict the knowledge gap in this area.

Keywords
Heavy metal; dye; non-biodegradable; nanoparticles; adsorbent:

Introduction
Water is necessity for all living organisms to survive on Earth. Water is used for various purpose
by human beings including domestic purposes, agricultural purposes, industrial processes, and
recreation [1], [2]. Water pollution is one of most important environmental issues faced
worldwide. Heavy metals and dyes are required in many manufacturing industries as raw
material, but a trace level of heavy metals and dyes are considered to be major water pollutants
as these may lead to cause severe health issues [3].
The processes used for removal of heavy metals and dyes includes ion-exchange, liquid-liquid
extraction, electrodialysis, coagulation, chemical precipitation, membrane filtration [4] etc.
These methods have many drawbacks which are large amount of sludge production, high cost
required, technical constraints, due to all these reasons adsorption is considered to be a more
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efficient method. Adsorption is a process of mass transfer in which the adsorbate from the liquid
phase get adsorbed on the surface of adsorbents. Adsorption is widely accepted due to its unique
properties of adsorbents like large surface area, small particle size, surface charge, thermal
stability, and zeta potential, magnetic properties and dispersive in liquids. Adsorption is cost
effective, high efficiency, technically feasible and economically viable sustainable technology
for wastewater treatment [5]. In recent years, nanotechnology is widely practised in all fields
including physics, material science, environmental science, medicine and chemical.
Nanotechnology is a branch of science which deals with both biotic and abiotic materials
varying from size 1nm to 100nm [6]. Nanoparticles have specific characteristics which depends
on size, morphology and distribution which makes them good adsorbents.
This review involves study of iron oxide based nanoparticles for the removal of different
heavy metals and dyes from water/wastewater.

Methodology
This papers consists of synthesis of modified iron oxide nanoparticles with different chemical and
biological methods. The bottom-up approach is used for synthesis. Adsorption studies were done
at different initial concentration of metals and dyes, adsorption dose, contact time, etc. The last
part is of conclusion made on the basis of complete studies.

Discussion
Iron oxide nanoparticles were prepared according to a book chapter of NanotechnologyPrinciples and Practices. A solution of 0.5M NaOH is prepared in it 0.01M solution of Fe(NO3)3
is added and stirred till pH became 10.7. After that add 1M HCl solution to it under continuous
stirring 0.1M solution of NaH2PO4 is added ther prepared solution is heated upto 100oC. At the
end washed and dried in air at 100oC.
EDTA functionalized Fe3O4 magnetic nanoparticles
MNPs-EDTA can be synthesized by hydrothermal method [7]. During the study it was found
that MNPs-EDTA are monodispersed having rough surface area and size ranges from 200-320
nm and have a spinel structure. The MNPs-EDTA showed a high adsorption capacity and an
efficient adsorption toward Cu(II) in aqueous medium. The pseudo-second-order model suitably
fits kinetic model. Cu(II) adsorption equilibrium was achieved within 5 min. The isotherm
analysis indicated that the sorption data could be well represented by the Langmuir model and
the maximum monolayer adsorption capacity was 46.27 mg g1 at pH 6.0 and 298 K [8]. The
sorption mean free energy from the Dubinin–Radushkevic isotherm was found to be 18.76 kJ
mol1 at 298 K, indicating that the adsorption was chemical process [9]. The adsorption process
was spontaneous and endothermic. The regeneration studies also showed that MNPs-EDTA had
a high stability and good reusability, which suggested that the MNPs-EDTA would be a potential
candidate as a highly efficient, inexpensive and renewable adsorbent for Cu (II) removal.
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Iron oxide/ activated carbon nanoparticle
Iron oxide nanoparticles had been synthesised by co-precipitation method [10]. During reviewing
it was observed that the particle size of Fe3O4/AC is 12.3nm and spherical in nature. The
adsorption potential Fe3O4/AC nanoparticles was studied for the removal of Cu(II), Cr(VI) and
Cd(II) ions. The maximum magnetic strength was found to be 52.2 A m2 kg−1 of Fe3O4/AC.
The optimum adsorption pH was found to be 2.0 for Cr(VI) and 6.0 for Cu(II) and Cd(II)
respectively. The removal efficiency of nanoparticles decreased with an increase in the
concentration i.e. 98.9–31.7% for Cr(VI), 99.9–12.5% for Cu(II) and 99.9–8.1% for Cd(II) by
Fe3O4/AC. The adsorption efficiency for Cr(VI) and Cd(II) was high in the beginning of the
experiments as indicated by 89.4% and 74.5% removal in the first 2.0 min. The conditions for
the highest removal efficiency of synthesized nanocomposite for the removal of Cr(VI), Cu(II)
and Cd(II) were pH = 2.0 and 6.0, temperature = 25 ± 1 °C, initial metal ion concentration = 50
mg L−1 contact time = 60 and 45 min for Cr(VI) by Fe3O4/AC, 90 min for Cu(II) and Cd(II) by
Fe3O4/AC. The maximum Langmuir adsorption capacity was 8.06 mg g−1 for Cr(VI), 3.2 mg
g−1 for Cu(II) and 2.15 mg g−1 for Cd(II) by Fe3O4/AC.

EDTA@Iron oxide nanoparticles loaded sawdust carbon
Magnetic iron oxide nanoparticles incorporated sawdust carbon (Fe3O4/SC) nanocomposites
were prepared by biogenic green synthesis approach for removal of Cd (II) adsorption from
aqueous solution using batch mode experiments [10]. Langmuir maximum adsorption capacity of
EDTA@Fe3O4/SC ncs is 63.3 mg/g [11]. Pseudo-second order model is best fitted to Cd (II)
adsorption. Thermodynamic studies indicated that Cd (II) adsorption is feasible, spontaneous and
endothermic in nature. The EDTA modification Fe3O4/SC ncs, had potential for Cd (II)
adsorption. It is evident from the results that carboxyl groups on the surface of
EDTA@Fe3O4/SC ncs are involved in Cd (II) adsorption. The adsorption mechanism included
both electronic attraction and chemical adsorption.
Further study showed that the EDTA functionalized Fe3O4/Sawdust carbon can also be used as a
promising adsorbent for cationic dyes (MB and BG) removal. The adsorption of dyes fits
Freundlich model. The maximum adsorption capacity for Methylene Blue and Brilliant Green
dye was 227.3 mg/g and 285.7 mg/g, respectively [12]. The rate dye adsorption of MB and BG
dye obeyed pseudo-second order model.
Chitosan bound Fe3O4 magnetic nanoparticles
Chitosan bound Fe3O4 magnetic nanoparticles were prepared by co-precipitation method by the
covalent binding of carboxymethylated chitosan on Fe3O4 nanoparticles via carbodiimide
activation. The analyses indicated that the chitosan-bound Fe3O4 nanoparticles were
monodisperse with a mean diameter of 13.5 nm. The chitosan-bound Fe3O4 nanoparticles were
quite efficient as a magnetic nano-adsorbent for the fast adsorption of Cu(II) ions from aqueous
solutions at pH 2–5 due to high specific surface area and the absence of internal diffusion
resistance. The time required to achieve the adsorption equilibrium was only 1 min. Almost no
Cu(II) ions were adsorbed at pH 2, but the adsorption capacity was significantly enhanced with
the increase in pH. The adsorption behavior followed the Langmuir adsorption isotherm with
maximum adsorption capacity of 21.5 mg g−1 [13]. The adsorption process was exothermic in
nature with an enthalpy change of −6.14 kJ mol−1 at 300–330 K.
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Chitosan stabilized bimetallic Fe/Ni nanoparticles
Chitosan stabilized bimetallic Fe/Ni nanoparticles are synthesised by liquid-phase reduction
method [10]. This study has demonstrated that CS–Fe/Ni exhibits functions that make the
adsorption of Cd (II) possible.The adsorption of Cd(II) onto the iron oxides fitted well to the
pseudo second order adsorption kinetics. The characterization shows that the formation of iron
oxides and adsorption of Cd (II) onto iron oxides result from the nZVI corrosion in CS–Fe/Ni
[14]. Furthermore Cd (II) was adsorbed onto the iron oxides formed from the corrosion of nZVI
in CS–Fe/Ni. Finally, the application of CS–Fe/Ni demonstrated that it has the potential to
remediate Cd (II) in wastewater.
Chitosan coated MnFe3O4 nanoparticles
Chitosan coated MnFe3O4 nanoparticles are prepared by hydrothermal method [10]. The asprepared CCMNPs were used as recyclable adsorbents to remove heavy metal ions such as
Cu(II) and Cr(VI) from low concentration aqueous solution. The maximum adsorption
capacities of Cu(II) and Cr(VI) on CCMNPs are 22.6 and 15.4 mg/g [15]. The adsorption of
heavy metal ions onto CCMNPs fits in well with the pseudo-second-order kinetic model. The
competitive adsorption of Cu(II) and Cr(VI) onto CCMNPs was also studied. The result shows
that the adsorption capacity of Cu(II) is much higher than that of Cr(VI), suggesting that the
affinity between Cu(II) and CCMNPs is much higher than that between Cr(VI) and CCMNPs.

Maghemite-magnetite nanoparticles
In the present study, batch adsorption experiments for the adsorption of Cd(II) ions from aqueous
solutions have been carried out using mixed maghemite-magnetite as adsorbent. The adsorption
rate of Cd(II) ions was fast initially, and about 40% of total Cd(II) was removed within 5 min
[16]. The adsorption capacity of Cd(II) ions by mixed maghemite-magnetite increased with an
increase in the pH of the adsorbate solution. Adsorption of Cd(II) ions by mixed maghemitemagnetite was found to follow the pseudo-second-order kinetics model.
Fe3O4 with Tea waste
Fe3O4 with tea waste prepared by chemical precipitation. The efficiency of magnetic
nanoparticle impregnated onto tea waste (Fe3O4–TW) in removing Nickel (II) ions from aqueous
solution. This indicates that adsorption is positively dependent on pH and temperature. A higher
percentage removal of nickel could be obtained at lower initial nickel concentration. The
adsorption data were well fitted by both the Langmuir and Freundlich isotherm. The adsorption
capacity was found to be 38.3 mg g−1 [17]. The kinetics of adsorption followed first-order
kinetics. The removal efficiency increases with the increase in temperature and hence adsorption
process is endothermic in nature.

Fe3O4 with Humic acid
The prepared Fe3O4/HA exhibited remarkable enhancement of material stability and heavy
metal removal efficiency. The removal efficiencies for Hg (II) and Cu (II) significantly increased
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at low pH. The prepared Fe3O4/HA nanoparticles are very cheap and environmentally friendly as
their main component, Fe3O4 and HA, are abundant and have no adverse effect on the
environment [18]. The Fe3O4/HA with adsorbed heavy metals can be simply recovered from
water with magnetic separations at very low magnetic field gradients, which can hopefully
reduce water treatment expenses.

Adsorbent

Method
Synthesis

of Adsorbed
Adsorption Isotherms/Kinetics
Metal
ion/ Efficiency
Dye

EDTA@Fe3O4
Hydrothermal
Magnetic Hybrid
EDTA@Fe3O4
Co-precipitation
Activated
Carbon
EDTA@Fe3O4
Solvothermal
loaded sawdust

Chitosan bound
Fe3O4
Chitosan
stabilized Fe/Ni
Fe3O4 with tea
waste
Fe3O4
with
Onion peels

Cu(II)

98.46±0.36

Cu(II)
Cd(II)
Cr(VI)
Cd(II)

97.21%
98.78%
97.89%
96.8%

Methylene Blue
Brilliant Green

97.3%
98.67%

Dubinin–Radushkevic/ Pseudosecond order
Langmuir Isotherm

Langmuir Isotherm / Pseudosecond order
Freundlich isotherm/ First order
kinetics

Co-precipitation

Cu(II)

Langmuir Isotherm

Liquid-phase
Reduction
Chemical
Precipitation
Green Synthesis

Cd(II)

93%

Pseudo-second order

Ni(II)

99.5%

Langmuir
and
Freundlich
isotherm/ First order kinetics
Freundlich isotherm/ First order
kinetics

Anionic
and 100%
cationic dyes
(H2O2
catylst)

Fe3O4 with Plant extracts
Synthesis of Fe3O4 with plant extracts can be done by green synthesis. The different plant
mediated MNPs to remove dyes. During reviewing of different plant mediated MNPs removal
(%) found to be Green tea has maximum 92.34 %, followed by Onion peel 44.81 %, then cherry
with 40.84 %, removal, Lingusfrulucidum had removed 32.71%, and last Gourd peel removed
29.65% of dye. Adsorption amount of green tea mediated. MNPs is found to be 7 mg/mg for dye
removal which is higher in comparison to other MNPs. Applications of MNPs with presence of
H2O2 as catalyst shows 100% removal efficiency for all MNPs with taken different time. Finally,
it is observed in study that green tea mediated MNPs surprisingly found more efficient for both
anionic and cationic dyes than the other MNPs.

Conclusion
This review paper indicates that iron based nanoparticles are promising adsorbents for removal
of heavy metals like cadmium, copper, chromium etc and dyes from water. The removal
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capacity of functionalized iron oxide nanoparticles was found to be higher than traditional
sorbents. Fe3O4 nanocomposite efficiently removes heavy metals at pH range 2-6, adsorption
increases as the pH increase from 2 to 6. On the other hand it was found that the adsorption rate
decreases with increases in pH in case of dye removal. The optimum temperature for both heavy
metals and dyes is found to vary in range of 298-310K. In the study it was found that heavy
metal loaded nanoparticles can be reused after desorption of heavy metal by treating them with
suitable chemicals which makes them more useful for water treatment.
In this study, it was observed a single nanoparticle with treatment with other plant extracts or
chemical can be efficiently used for removal of more than one heavy metal and dye from the
water. By this it may be concluded that iron based nanoparticle can be used in the treatment of
water for removal of heavy metals and dyes.
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Abstract
This paper discusses the idea and the design of an automated system for storage and
management of mycotoxins reports for decision making. Mycotoxins are poisonous
chemical compounds produced by certain fungi. Mycotoxins are fungal secondary
metabolites that contaminate various feedstuffs and agricultural crops.The
contamination of food by mycotoxins can occur before production, during storage,
processing, transportation or marketing of the food products. High temperature,
moisture content and water activity are among the factors that facilitate the production
of mycotoxins in food. The five major mycotoxins produced in food and feedstuffs
are Aflatoxins, ochratoxins, fumonisins, deoxynivalenol and zearalenone. In Africa,
mycotoxin contamination is considered to be a major problem with implications that
causes human and animal health hazards and poor economy. Aflatoxin-related hepatic
diseases are reported in many African countries. Ochratoxin and fumonisin toxicity in
humans and animals is widespread in Africa. The available and updated information
on the incidence of mycotoxin is not collectively vivid for policy making. A complete
automated system allows to monitor the statistical report of mycotoxins stored in
agricultural products. This study is to make provision for easy access and
acknowledgment of mycotoxins in different grains, fruits, vegetables and foods in
sub-saharan Africa in order to proffer necessary solution at the end of the year for
improvement in health condition of the public.
Keywords: Africa, health hazards, mycotoxins and automated.

1.0 Introduction
In Sub-Saharan Africa, work on mycotoxins covering field cases, acute exposures and
chronic effects related to dietary intake is reviewed. Mycotoxins have been implicated
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in the etiology of diseases like kwashiorkor, marasmic kwashiorkor, hepatocellular
carcinoma in humans, encephalopathy and other acute diseases in animals.
Mycotoxins are poisonous chemical compounds produced by certain fungi. There are
many such compounds, but only a few of them are regularly found in food and animal
feedstuffs such as grains and seeds. Nevertheless, those that do occur in food have
great significance in the health of humans and livestock. Since they are produced by
fungi, mycotoxins are associated with diseased or moldy crops, although the visible
mold contamination can be superficial.The effects of some food-borne mycotoxins are
acute, symptoms of severe illness appearing very quickly. Other mycotoxins
occurring in food have longer term chronic or cumulative effects on health, including
the induction of cancers and immune deficiency. Information about food-borne
mycotoxins is far from complete, but enough is known to identify them as a serious
problem in many parts of the world, causing significant economic losses.The
economic and health hazards of mycotoxin contamination in crops and food products
present a huge challenge, especially in SSA, where there is limited data to ascertain
the degree of harm caused by these toxins. Tackling this problem needs a
multi-factorial approach. A workable strategy would be the systematic development
of centers of research expertise, and building research capacities aimed at establishing
a database on mycotoxins found in different grains and seeds at each given time and
health-related risks caused by mycotoxins. Growing the interest of the African
scientific community towards increasing the research output in the region is
imperative. To this end, building an automated system on mycotoxicology is a good
starting point. This will enable a better collation of data which will aid decision
making.

1.1 Objectives
 To aid the access and acknowledgment of mycotoxins reports of agricultural
products in SSA.
 To aid policy makers in having an overview of mycotoxin reports of agricultural
products in SSA.

1.2 Justification
This work will be relevant to research officers especially those in the area of mycotoxins
and related research topics to have quick access to referencing data and to make
comparisons as desired for better results. It will as well aid interaction between research
scientists and farmers for updates. This will enable governments to make adequate
policies that will help to improve and secure human and animal health.

1.3
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The tables below show the analytical services use in testing for mycotoxins, the
method, the advantages and disadvantages of each. This gave us the insight in the
designing and development of the database. The system will be able to display the
service carried and also the methods used for each agricultural product.
SERVICES
Mold Culture and
Identifications.

Chemical
Analysis

METHOD
 Microbiological
Culturing;
Microscopic or
biochemical
identification test.

ADVANTAGES
 Determines
presence of
molds, but not
necessarily
toxigenic
strains



Enzyme linked
Immunosorbent
(ELISA).



Rapid
relatively
inexpensive.



Tin layer
Chromatography
(TLC).



Can detect
more than one
kind of
mycotoxin.



High Performance
Liquid
Chromatography
(HPLC).



Gas
Chromatography
/Mass
Spectroscopy.





Easier to provide
qauqntitative
results may be
able to detect
more than one
kind of
mycotoxin.

Can identify the
mycotoxin
without additional
testing; may be
able to detect
more than one
kind of
mycotoxin.

DISADVANTAGES
 Does not determine if molds
formed to be present can or are
producing mycotoxin.
 May take a long time to
complete test, so it may take a
relatively long time to obtain
result.
 Only detects one mycot
oxins at a time, proof of
mycotoxin presence usually
requires additional testing.


Slower than ELISA proof of
mycotoxin presence
may require additional testing
May not work as well for feeds
other than grain.



Maybe more expensive than
other methods of analysis.
Proof of mycotoxin presence
may require additional testing.



More expensive than
methods of analyis.

This table is a reference from S.Bankole 2006, it gave us insight of the fields
to create in database.
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other

2.0 Related work
The general principle of producing organic food requires that seed and vegetative
propagating material produced by the organic production method be used. Due to the
unavailability of certain seeds within the European Union, it may be possible to use
seed and vegetative propagating material not produced by the organic production
method. In Ireland three private inspection bodies (i.e. IMO Ltd, Irish Organic Farmers
and Growers Association and Organic Trust Ltd) must give the producer permission to
use seed and vegetative propagating material that has not been produced by the organic
production method. Producers should ensure that the prior approval of the inspection
body is obtained before using such seeds.
A database has been developed for users to show the seed and vegetative
propagating material that is registered and available here in Ireland.

3.0 Material and methodology
This study adopted a case study of some FIIRO scientists in for food Biotech and CEFT
departments. Verbal interview was conducted randomly ascertain some facts about
mycotoxins. The follwing material were involved: Paper, pen, computer system, printer,
flash. This is the flow of the method used:
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Sourcing of data
Sampling of the data

Unstructured interview

Focus Group Discussion

Participant observation

Data analysis

Data quality control

Presentation

4.0 Results and Discussion
An unstructured interview was conducted with fifteen (15) respondents in the Federal
Institute of Industrial Research Oshodi, Lagos in Table 1. The socio-economic
characteristics of the respondents and the opinions of mycotoxins were gathered.

Table 1: Research Scientists (Case study)
Department
Biotechnology
Food Technology
CFET
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Number
60
40
50

percentage
40
26.7
33.3

J.C. Bose University of Science and Technology, YMCA, Faridabad

Figure 1: The Research Scientists

From Table 1, fifteen scientists responded, 6 from department of Biotechnology, 4
from Food technology department and 5 from CEFT department with 40, 26.7 and
33.3 respectively. The socio-economic characteristics of these respondents were
gathered based on UN standard, which formed Table 2.

Table 2: Socio-economic Characteristics of Respondents
VARIABLES
Age

Sex
Education
Level
Marital status
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CATEGORIES
15-25
25-34
34-45
45-54
54-64
65 Above
Male
Female
B.Sc
M.Sc
Ph.D
Married
Single
Divorce
Widow/widowe
r

NUMBER
0
50
30
60
10
0
70
80
20
60
70
90
50
0
10

PERCENTAGE
0
33.3
20
40
6.7
0
46.7
53.3
13.3
40
46.7
60
33.3
0
6.7
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The issue of mycotoxins in agricultural products is very vital in food and biotech
industry. These caused health hazards in humans and animals. The opinions of these
scientists in Table 3, formed our decision in designing an automated database system
Table 3: Mycotoxins in Agricultural Products
Variables
Relevant Issue
Positive Effect
Negative Effect
Harmful to Health
Controlled
Research
on-going
Involved in the
research
Need referencing
data
Internet as data
source
Database needed
Data will quicken
the solution

Yes
150
10
140
140
50
130

No
0
140
10
10
100
20

Percentage Yes
100
6.7
93.3
93.3
33.3
86.7

Percentage No
0
93.3
6.7
6.7
66.7
13.3

90

60

60

40

150

0

100

0

90

60

60

40

150
150

0
0

100
100

0
0

Figure 3: Mycotoxins in Agricultural Products
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4.1

Mycotoxins Automated Database System (MADAS)

A database has been developed for users to show the mycotoxins statistical reports
of agricultural products that are registered and available here in SSA.

 The languanges used are Microsoft.Net framework, C# at front end and
SQL/my SQL
 Searching the database
In order to search the database, the following instructions should be followed:
The database is available on the website of the Federal institute of Industrial
Research oshodi, (FIIRO)Lagos.
http://www.mycotoxin.gov.ng.ie/biotech/crops/mycotoxinscertification/mycoto
xinsdatabase/

 To Navigating the program:

- Launch the Application

- from the investigation grid view, Click on Export to excel or pdf to print

 Add new Service/Investigation: - Launch the Application
- Click Add New- “ To open the service/investigation dialog box

- Make necessary inputs
702

J.C. Bose University of Science and Technology, YMCA, Faridabad

- click the Add button, when done
- Corfirm the new entry on the grid view list

4.2 Benefits
The automated database system provides the client significant time and cost savings,
improved its ability to analyze data, and aided decisions in the issue of mycotoxins in
crops.
As a result, the solution offered the following benefits:
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Robust data collection, management, and analysis methods
A secure and protected data environment
Reduction in errors caused by insufficient or inconsistent data
Data storage to facilitate regulatory compliance
Data storage practices that offer scalability and reduced testing rework
Improved maintainability, standardization, control, predictability, and
traceability of data
Enhanced decision-making capabilities in choosing better variety of crop seed
and better quality end products
Better audit and control procedures
Lower costs due to automation of labor intensive tasks and elimination of
redundant work

J.C. Bose University of Science and Technology, YMCA, Faridabad




Overall cost reduction due to streamlining of the traditional way of data
sourcing.
Reduced time-to-conclude analysis of mycotoxins in agricultural products

5.0 Recommendation
 The mycotoxins association should organise training programme to create
awareness of the automated database system to SSA.
 Government should fund the research of mycotoxin, for this is a necessity for life
security. Since this involves crops and feedstuff, the lives of animals and humans
need to be assured. This is also major case when we talk of sustainability
development.
 The ICT centers should be made available for research officers and the farmers to
ensure communication and proper interaction via the database.

5.1 Conclusion
The presence of mycotoxins in grains and other staple foods and feedstuffs has
serious implications for human and animal health. Many countries have enacted
regulations stipulating maximum amounts of mycotoxins permissible in food and
feedstuffs. Most developed countries will not permit the import of commodities
containing amounts of mycotoxins above specified limits. Mycotoxins therefore have
implications for trade between nations. Prevention of fungal invasion of commodities
is by far the most effective method of avoiding mycotoxin problems. The role
Information Technology cannot be over emphasized in this matter. For accuracy in
monitoring and management of mycotoxins and its related diseases, a pool of data
must be in place. Therefore, the automated database system will be of great help
which will lead to a sustainable development.
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Abstract: Structures in extreme seismic zones are designed for earthquake forces similarly to
gravity forces. To make structures earthquake resistant, several resisting systems are provided
viz. Shear Walls, Bracing Systems, Dia-grid Systems, etc. The current study analysed the
behaviour of different types of RCC – Bracing system in high rise structure (G+10). Also, the
comparative study of performance of RCC diagonal, chevron, and cross - Bracing system in
high rise commercial structures under seismic loading in addition to gravity loads was
performed. The RCC X-bracing results in higher stiffness and stability as a potential advantage
over other bracing types. The RCC frames with RCC – diagonal and chevron bracing system
have almost same story displacement results. The total of 4 structural configurations viz.,
Moment resisting frame (Model 1), MRF stiffened with concentric RCC X – bracing system
(Model 2), MRF stiffened with RCC diagonal – bracing system (Model 3), MRF stiffened with
RCC chevron – bracing system (Model4).
The IS: 1893:2002 has been taken as a standard criterion for analysis using STAAD Pro V8i
software. The seismic parameters taken into consideration for understanding the behaviour of
frames are base shear and storey displacement. The post analysis results concluded that Model
2 (Moment Resisting Frame stiffened with concentric RCC X – bracing system) is more
efficient, safe and economical in earthquake as compared to other analysed models.
Keywords: Reinforced Cement Concrete Bracing, Concentric Steel Bracing, Storey
Displacement, Base Shear, Seismic Analysis, Story Drift

1. Introduction
In addition to the gravity loads, the structure should withstand lateral forces caused by earthquake or
wind depending upon the terrain category. The lateral loads produce sway moments and induce high
stresses, thus reduces the stability of the structure. In order to resist lateral forces stiffness of structure
is more important parameter than strength. The lateral load resisting systems that are widely used are
rigid frame, shear wall, diagrid structural system, wall frame, braced tube system, outrigger system
and tubular system. The RCC bracing results in higher stiffness and stability as a potential advantage
over other bracing systems, whereas Steel bracing results in increase in stiffness without much
increase in seismic weight. In conclusion, lateral bracing system provides stiffness and stability to the
structure, and is economical.
The BIS code IS 1893:2002 is taken as criteria for earthquake resistant design of structures. This
standard provides basis for calculation of base shear, torsion, storey drift, and design lateral force in
structure due to lateral seismic action. These parameters are affected by nature of foundation soil,
material, size, shape, type of structure, duration of seismic activity and ground motion characteristics.
It also provides the limitations of storey drift.
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The various parameters like base shear, storey drift, and storey displacement are taken into
consideration for the analysis and comparative study of the structure with different lateral load
resisting systems. The analysis is done using engineering software, STAAD Pro.
2. Literature Review
The relevant literature on lateral load resisting systems used in high rise buildings was reviewed and
presented here.
Abhinav, V., et al. [1] analysed 11-storey RCC building stiffened with shear walls using STAAD Pro
software. The location of shear walls was main objective. The present study concluded that shear wall
along the periphery of the structure is much more efficient than other models in seismic zone v.
Jagdish, J. S., and Doshi, T. D., [2] studied high rise steel structures with bracing system. G + 15
building was analysed with same configuration and different bracing systems such as Single-Diagonal,
X bracing, Double X bracing, K bracing, V bracing. It was concluded that bracings reduce the storey
displacements, and also K and V bracing results in irregularity of the structure.
Kirtan, T., et al. [3] performed comparative study on 30-storey RCC frame stiffened with shear walls
and Hexagrid system using ETABs V.13. The base shear and displacement were taken as criterion for
analysis of frame. The present study concluded that in case of RCC frame base shear is least and the
storey displacement is maximum as compared to RCC frame with shear wall and Hexagrid system.
Partani, P., and John, R., [4] analysed RCC framed structure stiffened with crescent shaped bracing in
ground soft storey under seismic load of zone III. The reduction of 12 to 14 percent in storey
displacements was observed. Storey drift was also reduced by 20 %.
Azad M. S., et al. [5] studied RCC high rise building with shear walls and bracing system using
ETABS 9.7 software. Six models as per different location of shear wall have been prepared for
comparative study. It has been concluded from the results that model having shear wall at middle
portion was safest among all.
Chandurkar, P. P., et al. [6] studied effect of shear wall location in multi-storey building. He analysed
four different models for seismic zones II, III, IV, and V using ETABS v 9.5.0. It was observed that
the shear wall is economical and effective in high rise building when placed in short span at corner of
the structure.
Soni, P., et al. [7] have analysed multi-storey building of different shear wall locations and heights
using STAAD Pro. Software. The three building models viz., G+10, G+20 and G=26 were taken into
consideration for comparative study. It has been concluded that shear wall at middle is most preferable.
Kevadhkar, M. D., and Kodag, P. B., [8] studied RCC building with three models as MRF, different
shear wall systems and different bracing systems and they found that X type of steel braced system
increases the stiffness and reduces the inter storey drift, lateral displacement and performance point
than shear wall system.
Numan, M., and Nazrul, I., [9] performed analysis on braced and un-braced structure subjected to
wind loads. The authors concluded from their study the maximum displacement of the structure
decreases after application of X-braced system as compared to different types of steel system. Also by
application of bracing system the bending moment and shear forces reduces in columns. The
application of steel bracing is faster to execute.
Atif, M., et al. (2015) [10] have performed comparative study on seismic analysis of G+15 storey
building stiffened with bracing and shear wall. The performance of the building is analysed in Zone II,
Zone III, Zone IV, and Zone V. The analysed structure is symmetrical, G+15, Ordinary RC moment-
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resting frame (OMRF). Modelling of the structure is done as per STAAD.Pro.V8i software. From the
results it has been concluded that shear wall elements are very much efficient in reducing lateral
displacement of frame as a drift and horizontal deflection in shear wall frame are much less than that
induced in braced frame and plane frame.
3. Objective of Study
This study proposes the use of different types of RCC – bracing system in same structure to make a
structure safe and economical. The main objectives of this study are:
 To study the seismic behaviour of RCC high rise commercial building stiffened with RCC
diagonal, chevron, and X-bracing system subjected to seismic load in addition to gravity
load.
 To evaluate the seismic parameters for bare RCC frame, RCC frame with concentric RCC
X- Bracing system, RCC frame with RCC diagonal – bracing system, and chevron –
bracing system.
 To compare the results of different models based on use of type of and RCC bracing
system.
 To figure out the most safest and economical model as per seismic parameters namely base
shear and storey displacement.
The seismic performance of high rise commercial building is determined on the basis of following
parameters:
Base Shear – To calculate the total design lateral force at the structure and to analyse the effect of
different relative locations of shear wall and RCC X-bracing system.
Storey Displacement – To evaluate the lateral storey displacement with respect to base that occurs in
each storey of high rise buildings due to lateral load.
4. Modelling and Analysis
The reinforced cement concrete commercial building of 11 Storey (G+10) a typical floor plan with 3
bays 5m each along both longitudinal and transverse directions as shown in Figure 1.

Figure 1. Building plan
The structural details, loading details and seismic parameters of the structure are given as;
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Table 1. Structural Details of a Building
Structure

SMRF

Number of Storey

G+10

Type of building

Commercial

Storey Height

4.0 meters

Neck Column Height

2.0 meters

Grade of concrete

M30

Grade of steel

Fe 415

Young’s modulus of concrete

2.74 X 107KN/m2

Young’s modulus of steel

2.00 X 108KN/m2

Density of RCC

25 KN/m2

Thickness of slab

0.150mm

Beam size
Plinth Beam

0.75m x 0.65m

Beam (GF & 1st Storey)

0.65m x 0.55m

nd

th

Beam ( 2 – 10 storey)

0.55m x 0.45m

Column size
Neck column
st

Column (GF & 1 Storey)
nd

th

Column ( 2 – 10 storey)
Bracing size

0.75m x 0.65m
0.65m x 0.55m
0.55m x 0.45m
0.45m x 0.45m

RCC Bracing

Table 2. Loading Details
Load Type

Load Intensity

Dead Load
Self-weight of RCC

25 KN/m3

Self-weight of Brick masonry

20 KN/m3
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Live Load
On floors

4KN/m2

On roofs

2 KN/m2

Table 3. Seismic Parameters
Seismic Zone

V

Importance Factor

1

Response Reduction Factor

5

Soil Type

Medium (2)

4.1 Modelling:
The modelling of the structure is done by using engineering software STAAD Pro V8i. The different
types of moment resisting frames considered for analysis are as follows;


Moment Resisting Frame (Model 1)



Moment Resisting Frame with RCC X-Bracing System (Model 2)



Moment Resisting Frame with RCC diagonal-Bracing System (Model 3)



Moment Resisting Frame with RCC chevron-Bracing System (Model 4)

(a) Model 1

(b) Model 2

(c) Model 3

710 J.C. Bose University of Science and Technology, YMCA, Faridabad

(d) Model 4
Figure 2. Configurations of Different Models
The wireframe view of models doesn’t display the information of entire structure, so for better
understanding of the models rendered view of each model is given below.

(a) Model 1

(b) Model 2

(d) Model 4
(c) Model 3
Figure 3. Rendered Views of Different Models
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4.2 Analysis:
The analysis of structures as per IS 1893:2002 by static analysis method is done using Bentley’s
software, STAAD PRO V8i. All mentioned building models are analysed as per requirement of IS 456
– 2000 and IS: 875:1987. The lateral loads and load combinations considered in seismic analysis are
taken into consideration as per IS 1893:2002.
The sample calculation of Model 1 (Moment Resisting Frame) is given below:
Step 1) Design Parameters:
The seismic parameters required for the analysis of structure are taken as per table 2.1.1, table 2.1.2,
and table 2.1.3.
Step 2) Seismic Weight:
Self-Weight:
Self-weight of columns = Cross-sectional area of column x height of column x No. of columns x unit
weight of RCC
Column1 = (0.75 x 0.65) x 2 x 16 x 25 = 390 KN
Column2 = (0.65 x 0.55) x 4 x 32 x 25 = 1144 KN
Column3 = (0.55 x 0.45) x 4 x 144 x 25 = 3564 KN
Total = 5098 KN
Self-weight of Beams = Cross-sectional area of beam x length of beam x No. of beams x unit weight
of RCC
Beam1 = (0.75 x 0.65) x 5 x 24 x 25 =1462.5 KN
Beam2 = (0.65 x 0.55) x 5 x 48 x 25 = 2145 KN
Beam3 = (0.55 x 0.45) x 5 x 216 x 25 = 6682.5 KN
Total = 10290 KN
Member Load:
Member load = total length of beam per floor x no. of floors x (height of wall x thicKNess) x Unit
weight of brick masonry
= 120 x 12 x (4 x 0.230) x 20 = 26496 KN = 26640KN
(Because we have taken load intensity for member load as 18.5 instead of 18.4)
Floor weight:
Floor weight = area of floor x no. of floors x thickness of slab x unit weight of RCC
= (15 x 15) x 12 x 0.150 x 25 = 10125 KN
Live Loads: As per 1893, only 50 % of total live load is considered for evaluating seismic load as live
load is more than 3KN/m2.
Floor load = 0.50 x 11 x (15 x 15) x 4 = 4950 KN
Roof load = 0.25 x 1 x (15 x 15) x 2 = 112.5 KN

Total seismic weight of the structure is the algebraic sum of above calculated weights as given below;
Total seismic weight = 5098 KN + 10290 KN + 26640 KN + 10125 KN + 4950 KN + 112.5 KN
W = 57215.5 KN
Step 3)Fundamental Period:
𝑇 = 0.075ℎ0.75 = 0.075 × 460.75 = 1.324 𝑠𝑒𝑐.
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Step 4) Seismic Coefficient:
𝐴ℎ =

𝑍 𝐼 𝑆𝑎
2𝑅 𝑔

=

0.36 1
2 5

1.027 = 0.0370

Step 5)Design Base Shear (Vb):
Vb = Ah W = 0.0370 x 57215.5
Vb= 2116 KN
STAAD Pro output is same as calculated manually as shown below;

Figure 4. STAAD Output of Base Shear in X and Z direction
Step 6) Lateral Load Distribution:
The lateral force results from STAAD Pro shown in below:
Table 4. Lateral force results for model 1
Storey

Height (m)

Lateral Force (kN)

12

46

441.407

11

42

415.844

10

38

340.407

9

34

272.515

8

30

212.165

7

26

159.36

6

22

114.098

5

18

76.380

4

14

46.205

3

10

25.692

2

6

9.410

1

2

1.106
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Base Shear (KN)

5. Results and Discussions
5.1 Base Shear:
The comparative representation of given six models on the basis of maximum base shear is shown as
below:
2350
2300
2250
2200
2150
2100
2050
2000

Base Shear kN

Model 1

Model 2

Model 3

Model 4

Models

Figure 5. Base Shear
The structure with maximum base shear is more rigid, thus showing better seismic performance. It is
observed that base shear varies directly with stiffness of the structure. The maximum base shear
among given four models is shown by model 2 (MRF with concentric RCC X - bracing). But the
model 2 is less economical of all the models. The base shear for model 4 is slightly higher than model
3, thus their stiffness will be nearly equal.

Storey Displacement (mm)

5.2 Storey Displacement:
Storey displacement is defined as the total displacement of the storey with respect to ground or base.
From the post analysis results it is found that among the given four models, model 2 (Moment
Resisting Frame with RCC X - Bracing system) show the least storey displacement. The model 4 is
economical than model 1, model 3, and model 4, thus we found that the use of RCC X-Bracing system
can enhance the seismic performance of the structure and make it more economical.
200
180
160
140
120
100
80
60
40
20
0

MODEL 1
MODEL 2
MODEL 3
MODEL 4

0

1

2

3

4

5

6
7
Storey

8

9

10

11

12

Figure 6. Storey Displacement
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The graphical representation of deflected shape of RCC frame with and without RCC bracing system
for a load combination of 1.5 (DL + ELz), which has turned out to be critical load combination in
present case, provides us with a clear understanding of efficiency of RCC bracing systems in a
structure.

Figure 7. Deflected shape of model 1, model 2, model 3 and model 4 starting from left to right
(Scale for displacement is 100 mm per m)
6. Conclusions
In this study the different models based on the use of different type of RCC Bracing system were
studied and the seismic parameters in terms of base shear and storey displacement were studied and
compared. The following conclusions are made based on the post analysis results:


In high rise buildings, the parameters like lateral strength and stiffness are more important. So
for this purpose different bracing systems are adopted to enhance both these parameters.
Moment resisting frames show higher storey displacement thus are weak as compared to other
MRFs stiffened with different RCC bracing systems.



The base shear of buildings with RCC X - bracing system is more as compared to the other
models, which results in the increase of stiffness of building.



The top storey displacement for model 2 (Moment Resisting Frame with RCC X – Bracing
system) is reduced by 58.7 %, for model 3 (MRF stiffened with RCC diagonal – Bracing
system) is reduced by 53.24%, and that for model 4 (Moment Resisting Frame with RCC
chevron – Bracing system) is reduced by 52.98% when compared to bare MRF.



The model 2 is the safest and show least storey displacement.



It is found that the RCC bracing also increases the primary strength of the structure.
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Abstract:
Utilization of the biodiesel in automotive engines is getting attention last two decades. It
provides energy security and greener environment however it has few challenges in the
utilization and commercialization such as viscosity, oxidation stability and cold flow property. In
the present work some experimental studies are carried out to improve the cold flow property of
sal seed biodiesel using the additives. These additives are worked as pour point depressants
(PPDs). Lubrizol 7671,Cristol and Ethyl Vinyl Acetate (EVA) are employed as an additive by
mass up to 2% and Kerosene oil by volume up to 10%.All PPDs showed in the improvement in
the cold filter plugging point (CFPP) in biodiesel. However Among all PPDs, Cristol proved the
best results.
Keywords: Biodiesel, CFPP, Physico-chemical properties, PPDs.

Introduction:
Energy demand is escalating with pace of development. Fossil fuel is an important source to
fulfilling the energy demand. Yet these fossil fuels are the main source for environmental
degradation. Cleaner fuels and advanced engine technologies are employed to minimize the
poisoning emission the of fossil fuels. Extensive research have been done on converting biomass,
wastes of industry into biofuels such as biogas, bio-alcohol’s and biodiesel. Withinthese,
biodiesel has attention because of its environmentalbeneﬁt and similar physicochemical
properties as petro-diesel.It can be produced by the sustainable and renewable sources such as
degraded vegetable oils, industrial waste and algae. The commercialization biodiesel production
is based on mainly two factors first is feedstock and second is its cost. The availability of
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feedstocks which varies as per location and climate. Soybean oil biodiesel is being in United
States whereas rapseed and palm oil biodiesel is mainly produced in Europe and tropical
countries [1]. Cost of feedstock is another main factor which limits its use [2]. Less expensive
feedstock’s are mainly explored by researchers for biodiesel production. India is agrarian country
which has million hectors forest land. These forests have number of underutilized feedstocks.
Generally these feedstcks yield non-edible oils such as Sal seed oil, Kusum oil, Mahua oil,
Calophylluminophyllum oil, Neem oil and on [3]. Non edible oils exempted by debate of food vs
fuel but it have high FFA and saturated in nature.

Literature Review
Srikanth et al. utilized milk and industrial waste for production of biodiesel. The studies of
biodiesel publicized from this milk wastes are within the speciﬁed limits excluding cold flow
property. Study improved the cold ﬂow properties of the biodiesel using acetone and Diethyl
ether [4].
Zhao et al. explored a noble pour point depressant (PPD) was prepared from graphene oxide
named as nanohybrid poly-graphene oxide. Authors studied the effects of PPDs on the cold ﬂow
and exhaust gas emissions properties.The PPDs unveiled a better eﬀect on CFPPand solidifying
rate[5].
Bouaid et al. produced biodiesel (butyl ester) using biobutanol as alcohol. Transesteriﬁcation
method was employed for biodiesel from rapeseed and frying oil. Butyl ester improved biodiesel
operability in cold weather. The biodiesel samples are very stable because it not showed increase
in peroxide value, acid value and viscosity. It also demonstrated the properties were suitable for
diesel car fuel[6]. In another study Gu et al. found that transesteriﬁcation of palm oil and
dimethyl/diethyl carbonate toimprove the performance of cold ﬂow biodiesel. The main fuel
properties of biodiesel were carefully characterized.High level of saturated fatty acids is one of
the main factor cold flow performance. The formation of the eutectic mixture cold ﬂow
performance of blends signiﬁcantly improved[7].
From the above literature indicated that low-temperature operability of diesel fuels is
major concern. In present investigation some important pour point depressants (PPDs) are
explored in sal methyl ester. These PPDs are economically available in market.
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Materials and Methods
Sal Seed Oil
The oil from sal seed is known as Sal butter. It is spread across 10 million hactares in India,
covering approximately 14% of the total forest area of the country [8,9] The quality of the Sal fat
depends on kernels collection and stored. Sal seed contains high moisture content which in turns
increases the FFA level, making it non-edible.
Table 3.1: Properties of the Sal oil [10].
S.No.

Properties

Sal oil

1

Appearance

White or Light yellow fat

2

Iodine Value (wijs)

28 – 42

3

Saponication value

230- 280

4

% FFA

1-3

5

Melting Point (0C)

33- 38

6

Total saturated

61%

7

Total monounsaturated

39%

The main findings of physico-chemical properties and fatty acid composition of sal oil
have been illustrated in Table 1. These properties have been compared with Jatropha oil.
Jatropha oil is the main feedstock for biodiesel production by National Biodiesel Mission of
Government of India.
Table 1- Physico-chemical properties of Sal oil and Jatropha oil.
S. No.

Property

Saloil

Jatropha oil

52.6

48.09

225.50

258.50

1

Kinematic viscosity (mm²/s) at 40°C

2

Flash Point (°C)

3

Density (g/cm³) at 15°C

0.89

0.91

4

Acid Value (mg KOH/g)

3.36

17.63
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5

Cold filter plugging point (°C)

38.00

21.00

6

Calorific value (MJ/kg)

39.18

38.98

Physico chemical properties of the Sal oil is similar to Jatropha oil. Sal oil has less acid
value (3.36 mg KOH/g), good calorific value (39.18 MJ/kg) and oxidation stability (4.15 ̊C).
From the fatty acid composition, Sal oil had 61% total saturated and 39% unsaturated fatty acids.
Saturation and unsaturation of the oils have significant impacts on the final biodiesel produced
from such oils [11–13].
Sal oil is typically composed of mainly C-16 to C-20, where 61% saturated and 39%
unsaturated of the total mixture. The promising existence of Arachidic acid (C-20) and Stearic
acid (C-18) improved its ignition cetane number and quality as well as these monosaturated
compounds made it highly susceptible to cold flow property [6,14].

Sal biodiesel
Single-stage transesterification was employed to produce sal methyl ester (SME). The
biodiesel production mechanism adopted for sal seed oil was as per Pali et al. [15].
The main properties were determined according to ASTM methods. Gas chromatography
& mass spectroscopy (GCMS) method is used to obtain the fatty acid profile. From its results,
the major constituents are saturated fatty acid methyl ester (Myristic acid methyl ester (8.76%),
Hexadecanoic acid methyl ester (6.86%), Octadecanoic acid methyl ester (28.33%) and
Ecosanoic acid methyl ester (16.77)), and unsaturated fatty acid methyl (cis-9-Octadecenioc acid
methyl ester (30.19%) and cis-9-cis-15- Octadecadienioc acid methyl ester (8.78%)) are also
identified. After the characterization of the sal methyl ester, test fuels are prepared up to 40% by
volume. Test fuels are named as SME (Sal Biodiesel), SME10 (10% SME and 90% Diesel),
SME20 (20% SME and 80% Diesel), SME30 (30% SME and 70% Diesel), SME10 (40% SME
and 60% Diesel) and D100 (pure Diesel). Physico-chemical properties of the test fuels are shown
in Table 3.
Table 3: Physico-chemical properties of the test fuels
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Test Fuel Density

Flash

CFPP

Viscosity

Calorific

(g/cm3)

(cSt)

Value (MJ/kg) Point (̊C)

(̊C)

D100

0.832

3.23

44.7

65

-15

SME

0.8765

5.79

39.65

172

10

SME10

0.8333

3.33

44.51

67

-2

SME20

0.8396

3.41

43.95

72

1

SME30

0.845

3.57

43.75

79

3

SME40

0.8507

3.79

42.85

88

5

Cold filter plugging point
It is main property which describes the low temperature operabilityof fuels[16]. At low
temperature, fuel components started to plug due to gel or crystallization. It is observed from
Table 2, the CFPP of SME is 10°C whereas Diesel (D100) has -15°C.

Cold Filter Plugging Point (oC)

15
10

SME Diesel Blend

5
0
-5
-10
-15
-20
SME

SME40

SME30

SME20

SME10

D100

Figure 1: CFPP of SME Diesel blends
Variation in CFPP for the test fuels is shown in Figure 1. It may be observed that neat
diesel exhibited CFPP of -15°C; whereas SME showed CFPP of 10°C.Blending of diesel in SME
improve the CFPP. SME10 showed CFPP as -10 ̊C. The flow properties of higher SME blends
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are poor to cold climate region. As India is mostly a tropical country, -1°C CFPP of SME10may
be acceptable for diesel engine application in India. Moreover, the variation of CFPP with
increasing volume fraction of SME in the test fuels was not linear.
Pour point Depressants

The saturated fatty acid methyl esters crystallized easily at a low temperature. It is the cause of
filter plugging and poor flow ability. To solve this problem PPDs are employed.It is the
adaptation of structures using adding additives in fuel. Cold flow problem of biodiesel can be
retarded using these methods.PPDs have received more attention

from researchers in the

biodiesel blends[5,17–19]. The main objective of PPDs is to prevent growth of wax crystals in
fuel. Generally some polymer, co-polymers were utilized as PPD. But in the present work
kerosene alongwith polymer additives is used.
Some easily available PPDs such as kerosene, EVA, Lubrizol and CRISTOL are usedin
current investigation. Kerosene used as extender 5% and 10% whereas other PPDs were used 1%
and 2% as additive.

Results and Discussion
Effect of Additives on CFPP of Biodiesel
Bio-origin oils or fats have major component is saturated fatty compounds which have
higher cloud points and pour points. Due to this rapid Crystallization take place due low
temperature. Therefore fuel starvation and solidification in cold season. These clogged materials
and solid particles approached to cease the flow[20].
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Cold Filter Plugging Point (oC)

12
Kerosene

10
8
6
4
2
0
-2
SME

SME + 5%

SME+ 10%

Figure 2: Blending with Kerosene as extender
To improve the pour point (PP) and cold flow plugging point (CFPP) of biodiesel
numerous polymer additives are assessed based on their ability [21]. Kerosene is potential
solution to mitigate the cold flow operability. It is easily and extensively available in open
market. It can be utilize as an extender up to 10%. Figure 2 showed the effect of kerosene on
SME. 5% blending of kerosene retard the CFPP of SME is 3 ̊C whereas10% blending of
kerosene decreases up to -1̊C.
Another important route to maintain the CFPP of biodiesel is additives. In present
investigation Lubrizol 7671, Cristol and Ethyl vinyl acetate (EVA) are used. These additives are
dissolved in the SME 1% and 2% by mass. In the addition of these PPDs, CFPP of SME is
significantly reduced. The effect of PPDs on CFPP is shown in Figure 3. It confirmed the effects
of Ethyl Vinyl Acetate (EVA), Lubrizol 7671 and CRISTOL BIO respectively.
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12
Lubrizol 7671

Cold Filter Plugging Point (oC)
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SME

SME + 1%
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Figure 3: Effects of additive on CFPP
Figure 3 showed CFPP of SME at 1% addition of Lubrizol 7671, Cristol and EVA is 1̊C, -2̊C and 1 ̊C. If addition of PPDs is increased up to 2%, CFPP of SME is improved up to 5̊C, -7̊C and -2̊C. These results showed that 2% addition of PPDs can utilized cold climate
regions.

Conclusion
This work examined the effects of pour point depressants for the Sal methyl ester.
Physiochemical properties of the SME evaluated and found within ASTM limits except the
CFPP. Kerosene oil is used as an extender up to 10%. It reduced the CFPP by -1̊C. Subsequently
other three PPDs were employed such as Lubrizol 7671, Cristol and EVA. Among these PPDs,
Cristol showed best results. Cristoldecreased the CFPP up to -7̊C. Present research conclude that
the Sal methyl ester can employed in cold weather conditions using above PPDs.

Reference
[1]

Anwar A and Garforth A 2016 Challenges and opportunities of enhancing cold flow
724 J.C. Bose University of Science and Technology, YMCA, Faridabad

properties of biodiesel via heterogeneous catalysis 173 189–208
[2]

Yunus T M, Atabani A E, Anjum I, Badarudin A, Khayoon M S and Triwahyono S 2014
Recent scenario and technologies to utilize non-edible oils for biodiesel production
Renew. Sustain. Energy Rev.37 840–51

[3]

No S Y 2011 Inedible vegetable oils and their derivatives for alternative diesel fuels in CI
engines: A review Renew. Sustain. Energy Rev.15 131–49

[4]

Srikanth H V, Venkatesh J, Godiganur S and Manne B 2019 Acetone and Diethyl ether :
Improve cold fl ow properties of Dairy Washed Milkscum biodiesel Renew. Energy130
446–51

[5]

Zhao Z, Yan S, Lian J, Chang W, Xue Y, He Z, Bi D and Han S 2018 A new kind of
nanohybrid poly ( tetradecyl methyl-acrylate ) -graphene oxide as pour point depressant to
evaluate the cold fl ow properties and exhaust gas emissions of diesel fuels Fuel216 818–
25

[6]

Bouaid A, El N, Hahati K, Martinez M and Aracil J 2014 Biodiesel production from
biobutanol . Improvement of cold flow properties Chem. Eng. J.238 234–41

[7]

Gu J, Xin Z, Meng X, Sun S, Qiao Q and Deng H 2015 Studies on biodiesel production
from DDGS-extracted corn oil at the catalysis of Novozym 435/super absorbent polymer
Fuel146 33–40

[8]

Pali H S, Kumar N and Alhassan Y 2015 Performance and emission characteristics of an
agricultural diesel engine fueled with blends of Sal methyl esters and diesel ENERGY
Convers. Manag.90 146–53

[9]

Pali H S and Kumar N 2016 Combustion , performance and emissions of Shorea robusta
methyl ester blends in a diesel engine Biofuels7269 1–10

[10]

Pali H S, Mishra C, Yahaya A, Kumar N and Noida G 2011 Sal Seed oil : A potential
feedstock for biodiesel production Center for Advanced Studies and Research in
Automotive Engineering , Delhi 1–8

[11]

Moser B R 2009 Biodiesel production , properties , and feedstocks 229–66

[12]

Zhang W, Yuan W, Zhang X and Coronado M 2012 Predicting the dynamic and
kinematic viscosities of biodiesel-diesel blends using mid- and near-infrared spectroscopy
Appl. Energy98 122–7
725 J.C. Bose University of Science and Technology, YMCA, Faridabad

[13]

Nakpong P and Wootthikanokkhan S 2010 High free fatty acid coconut oil as a potential
feedstock for biodiesel production in Thailand Renew. Energy35 1682–7

[14]

Zuleta E C, Rios L a. and Benjumea P N 2012 Oxidative stability and cold flow behavior
of palm, sacha-inchi, jatropha and castor oil biodiesel blends Fuel Process. Technol.102
96–101

[15]

Pali H S, Kumar N, Alhassan Y and Deep A 2015 Process Optimization of Biodiesel
Production from Sal Seed Oil using Response Surface Methodology [RSM] and Diesel
SAE Tech. Pap.2015–April

[16]

Pali H S, Kumar N, Alhassan Y and Deep A 2015 Process Optimization of Biodiesel
Production from Sal Seed Oil using Response Surface Methodology [ RSM ] and Diesel
SAE Int.

[17]

Soriano N U, Migo V P and Matsumura M 2006 Ozonized vegetable oil as pour point
depressant for neat biodiesel Fuel85 25–31

[18]

Xue Y, Zhao Z, Xu G, Lian X, Yang C, Zhao W, Ma P and Lin H 2016 Effect of polyalpha-olefin pour point depressant on cold flow properties of waste cooking oil biodiesel
blends Fuel184 110–7

[19]

Zhao Z, Xue Y, Xu G, Zhou J, Lian X, Liu P, Chen D, Han S and Lin H 2017 Effect of
the nano-hybrid pour point depressants on the cold flow properties of diesel fuel Fuel193
65–71

[20]

Bhale P V, Deshpande N V. and Thombre S B 2009 Improving the low temperature
properties of biodiesel fuel Renew. Energy34 794–800

[21]

Pérez Á, Casas A, Fernández C M, Ramos M J and Rodríguez L 2010 Winterization of
peanut biodiesel to improve the cold flow properties Bioresour. Technol.101 7375–81

726 J.C. Bose University of Science and Technology, YMCA, Faridabad

ISFT/2020/R/1201

PLHA KNOWLEDGE SHARING FACEBOOK MODEL
Dr.GuruprasadGadgil, Ph.D.1*, Dr. Gayle Prybutok,
Dr. Victor. Prybutok, Ph.D., CQE, CQA, CMQ/OE, PSTAT3

Ph.D.,

RN2,

1*

Department of Management Information Systems, School of Business, Central
Connecticut State University, New Britain, CT
2
Department of Rehabilitation and Health ServicesCollege of Health and Public
Service University of North Texas, Denton, TX
3
University of North Texas, Eagle Student Services Center , 1155 Union Circle,
305459 ,Denton, TX 76203-5017
*Email:-gadgil@ccsu.edu
Abstract.Person-living-with-HIV-and-AIDS (PLHA) have valid concerns about the privacy of
their information. Their sphere of privacy partially intersects security that encompasses both
‘protection and enhanced quality of life’, as well as ‘protection of information’. PLHA are
communities of people who have valid concerns related to keeping their personal information
private. This research seeks to find deeper insights in to the PLHA everyday life information
seeking behaviors. Findings indicate that this happen through knowledge-sharing often
amongst other long time and short time PLHA survivors. Also, knowledge sharing amongst
PLHA is tacit and uses informal method of management. This research develops a survey data
tested PLHA Knowledge Sharing Facebook model that contributes to IS research by
recognizing and quantitatively confirming the existence of three predictor variables namely
HIV-specific knowledge need, Technology mediated channel of knowledge sharing, and actor
specific factors to predict HIV-Specific knowledge sharing. The methodology employs factor
analysis and PLS/SEM to test and confirm the model. Practical implications inform businesses
of the PLHA-specific needs enabling deeper insights in to the dynamics of this niche market
segment.

1. Introduction
Global HIV and AIDS statistics report that as of June 2019, an average of 24.5 million people
access ART ( Anti retro viral treatment for HIV) in the United States (“Global HIV &amp; AIDS
statistics — 2019 fact sheet,” 2019). In the recent years researchers have examined the utility of virtual
communities in context of social support(Mo & Coulson, 2008), barriers to face to face social
support(White & Dorman, 2001), reliability and dependability of technologies that support online
support(Maloney-Krichmar&Preece, 2005) in the context of people living with HIV. Virtual
communities comprising of more than one person constitutes decision support systems. These system
constitutes human information interaction models within a framework of computerized medium that
focuses on knowledge sharing aimed at reducing uncertainties, encourage seeking solutions to
communal problems through shared consensus and negotiations(Jarke, 1986). Prior research also
indicates that when people with unconventional problems are separated geographically, framework of
group decisions over computer mediated communications using multi criteria decision-making
methods are particularly of great value to generate a solutions to a variety of difficult situations (Kin &
Lai, 2011). Virtual communities are becoming progressively ubiquitous with their scopes spanning the
spectrum from economics marketing to the social studies(Teo, Chan, Wei, & Zhang, 2003).
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Professionals have used virtual communities in the form communities of practices (CoP’s) to search
and share knowledge with an aim to facilitate problem solving tasks at work(Chiu, Hsu, & Wang,
2006).Virtual communities and communities of practices have been studied extensively and extant
literature has discussed organizational decision-making and business perspective in the context of
supply chain, logistics, finance etc. (Cruz, 2009; Power & Sharda, 2007; Prelipcean&Boscoianu, 2012;
Shaw, Gardner, & Thomas, 1997). Prior research has focused on knowledge sharing within virtual
communities that have considers motivations based on competition. Other research has looked at
initial participation, sustained participation in the context of knowledge sharing within the framework
of expectancy-value theory(Sun, Fang, & Lim, 2012). Prior research has also looked at relationship
between information quality and consumer satisfaction(Sun et al., 2012). Knowledge management and
knowledge sharing are concepts which are important from the business perspective which provides
competitive advantage to the organizations(Demirkan&Delen, 2013; Rao, Mansingh, &Osei-Bryson,
2012; Zheng, Zhao, &Stylianou, 2013) and this also has been extensively studied and reviewed. Web
2.0 technologies supporting online support groups, peer to peer networking have been appropriated by
health care industry to facilitate delivery of health care interventions. For e.g. Ba and Wang studied
social networks influences on motivations in the context of people choices in nutrition decisions (Ba &
Wang, 2013). Health Online Social Networks research has studied emotional support and experience
sharing as important factors in decision-making process(Ba & Wang, 2013). However, there does not
exist much literature that has investigated virtual communities in the context of decision support
systems for people living with HIV and AIDS. Moreover Knowledge sharing and Knowledge transfer
among people living with HIV within the context of online support group has not been studied much
in the existing literature. Understanding factors that influences knowledge sharing on an online
medium amongst people living with HIV is important for two main reasons. This particular segment of
population still prefer to be largely anonymous and invisible on the account of strong influences of
social stigma associated with HIV. In the developing countries, this concern has serious implications
in the form of barriers to seek access to health care that can lead to tragic consequences. Secondly, in
the developing countries, HIV health management is primarily focused on the epidemiology and on
the mechanics of HIV and its progression and adherence to anti retro viral therapy(Wagner et al.,
2017) with little or no consideration to the quality of lives of the people living with HIV
(Subramanian, Gupte, Dorairaj, Periannan, & Mathai, 2009). Understanding knowledge sharing in the
context of HIV informs not only the government on framing better policies but also informs the
business discipline in specific demand and supply opportunities of the products and services in the
context of people living with HIV. This study takes in to the consideration the need for a certain
degree of anonymity perceived by people living with HIV to investigate online support groups and the
technologies promoting secret online support group that are becoming popular amongst people living
with HIV and AIDS. This study aims to fill in the identified research gap by investigating the factors
that influence knowledge sharing in a Facebook HIV peer support group.Implications of this study are
important to IS discipline from understanding the predictors that can influences research and
development of technologies that addresses the specific and unique needs of this population. This
research informs practitioners providing services and products to population of people living with HIV
and AIDS and aids them in understanding the patterns in knowledge sharing and transfer.
2. Literature Review
Prior research indicates that there are many factors that influences individuals living with HIV to resist
disclosing their HIV status(Brooks &Klosinski, 1999; Reid, Kitchen, & Deutsch, 1999). Stigma
associated with HIV leads to intense fear of discrimination and exclusion, which in turns leads to
people living with HIV and AIDS desiring anonymity and non-disclosure (Agne, Thompson,
&Cusella, 2000; Paxton, 2002; Timmons &Fesko, 2004). Since people generally living with HIV have
information needs on areas that they find difficult to discuss with their traditional or regular sources of
information such as family, friends, or even their health care professionals(Mahajan et al., 2008;
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Rintamaki, Davis, Skripkauskas, Bennett, & Wolf, 2006), this research aims to explore the alternatives
available in such circumstances. We will initially look at the existing literature that discusses special
circumstances that influences knowledge sharing amongst people living with HIV.
2.1. Special circumstances related to knowledge sharing and privacy related to this specific group
2.1.1. Stigma.Goffman defines stigma as ‘a trait which is deeply discrediting’ (Goffman, 1963) and
makes clear that stigmatization is an interactive social process (Gray, 2002). When people experience
shame and fear that they will be discriminated which prevents them from sharing the occurred
incidents that embarrass them and prevents them from seeking external help is referred to as ‘Felt
stigma' or ‘internal stigma' or ‘self-stigmatization'(Scambler, 1998). When people experience unfair
treatment from others, it is referred to as ‘enacted stigma', or ‘discrimination'(Scambler, 1998). Bogart
(2008) discussed the effect of felt stigma amongst PLHA community. Felt stigma experienced by the
respondents lead to non-disclosure of their HIV status (Bogart et al., 2008). PLHA also experiences
enacted stigma in the form of interpersonal discrimination. The study revealed that this discrimination
came from close family members like parents, siblings and children and friends. Bogart (2008) further
elaborates, “Courtesy Stigma was experienced by family members experienced stigma due to the HIV
status of their partner, in the form of other people questioning the decision to support their partner”
(Bogart et al., 2008) Bogarts study also found that people fear the risk of contracting HIV from person
who is living with HIV and this fear of contagion lead them to discriminate against PLHA individuals.
Lack of information related to HIV lead to the fear that HIV disease is contagious and they would get
infected just by being in close proximity with other PLHA. The study concluded families of all of the
respondents of the study experienced stigma ", including 100% of mothers, 88% of fathers, 52% of
children, 79% of adult children, and 60% of caregivers. About 97% of families described
discrimination fears, 79% of families experienced actual discrimination, and 10% of uninfected family
members experienced stigma from association with the parent with HIV ” Felt stigma experienced by
the respondents lead to non-disclosure of their HIV status (Bogart et al., 2008).Krieger (2000)
described structural discrimination on one hand that referred to the totality of ways in which societies
foster discrimination which was further studied by Berkman and Kawachi (2000) who reported that
structural discrimination, such as housing or employment discrimination, was not apparent to those
who were experiencing it, because they did not know how individuals without HIV were being treated
in the similar circumstances (Kawachi& Berkman, 2000).On the other hand, the term interpersonal
discrimination refers to discrimination in concrete situations (Lindström, 2008).
2.2. Discrimination at workplace based on HIV/AIDS
Fear arising from ignorance about HIV and AIDS in the general community of which workplace is
also a subset can have serious impacts on PLHA identified individuals. PLHA perceive fear of
discrimination at the workplace, facing social ostracization and possible being terminated from their
employment resulting in losing health insurance (Adam & Sears, 1996; Brooks &Klosinski, 1999;
Garcia, Cartwright, & Glenn, 1997).
Studies have revealed that Employees of organizations where policies for equitable treatment with
respect to HIV status are not formally mandated are subject to preconceptions and arbitrary actions of
the individual employer (Brooks &Klosinski, 1999; Glenn, Ford, Moore, &Hollar, 2003).Recent
studies have shown that many employers are concerned about probably negative impacts that PLHA
employee will have on their businesses. The concern is primarily connected to the productivity of the
employees in the later stages of their infections. As the employee is predicted to get ill more
frequently, the absenteeism will impact the deliverable of the business output leading to losing of
clientele. Due to the stigma associated with the infection, other colleagues may refuse to work with
coworkers who are diagnosed with HIV (Reid, Kitchen, & Deutsch, 1999).
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2.3. Anonymity
Self-disclosure is the `act of revealing personal information to others' (Archer, 1999). It is the process
by which one person allows himself to be known by another to reveals the "masks" we all wear and to
show how we remove them in forming friendships, marriages and other social relationships
(Derlega&Chaikin, 1977). People disclose personal information to perfect strangers because they
perceive that they will not be meeting their confidante in near future. People feel secure in sharing
information with strangers that they perceive they are never going to meet again because that way they
don't have to deal with the responsibility of the owning the consequences that may arise from their
actions (Derlega&Chaikin, 1977). Walther (1992) suggests that as compared to face-to-face or normal
interactions, people find interacting on computer-mediated communication channel more intimate and
desirable (p.34). Walther termed this phenomenon ‘hyperpersonal' interaction (Walther, 1992). Studies
conducted on communication norms in self-disclosure revealed that social information processing
theory; anonymity and hyperpersonal communication were able to explain how messages are
communicated through the computer-mediated environment. Communication norms included clear
roles of the participants, standard abbreviations and involved elicitation of replies from the
participants. The norms enabled the deeper level of self-disclosure that involve feelings and beliefs of
the participants (Grubb, 2015).
In the context of people living with HIV, factors such as stigma can leads to fear of discrimination not
only in the work place but also the general status depriving people from their social status and sense of
dignity(Agne et al., 2000; Paxton, 2002; Timmons &Fesko, 2004).The above sections have explored
the background of how sense of isolation generated due to stigma and fear of discrimination leading to
non disclosure increases the need to seek avenues to social inclusion that develops in to social support
opening up avenues of knowledge sharing opportunities critical to well being and a better quality.This
leads us to exploring existing literature on knowledge sharing in health care sector and communities of
practice.
2.4. Critically Of Knowledge Sharing in Health Care Sector and Communities Of Practice
Communications and connectivity are the foci of knowledge sharing in health care interventions and
involves enabling the right knowledge to the right person at the right time(Raghu &Vinze, 2007).
Health care industry has paid more attention to Knowledge management following the anthrax attacks
in 2001, forcing public health departments to be able to respond to biological and chemical attacks in
record time(Raghu &Vinze, 2007). Knowledge storage, retrieval, sharing and synthesis strategies can
be used to respond to bio terrorism. In response to strategies that will control bioterrorism “CDC
defined the process of knowledge sharing as focus areas in which critical capacity must be achieved
for developing effective epidemiological and bio-terrorism surveillance systems at all levels of public
health administration”(Raghu &Vinze, 2007). The above study illustrates the importance of
knowledge sharing in management of Public health. People having similar professional interests often
form informal structures within an organizational set up in order to share experiences, expertise and
professional knowledge in a mutual symbiotic association to form Communities of Practice
(CoP’s)(Wang, Yang, & Chou, 2008).One reason that people do not contribute to knowledge
management systems continuously is that the technological architecture of such systems does not
match human social behavior and work processes (Kwan et al. 2003). Communities of Practices
(CoPs) are informal structures within Organizations that connects and networks people having similar
interests together through informal relationships and the sharing of expertise and experience.
2.5. Social Media and Health
Prior research indicates that health services are now increasingly using social media such as Facebook
and Twitter or specialized websites Poz.com, PatientsLikeMe to facilitate communication between
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healthcare providers and healthcare receivers. Health industry also used social media in control
mechanisms for the pandemic such as HIN1 influenza wave in 2009 and other health interventions
needed to promote better health and treat anxiety and depression in several circumstances(Nguyen et
al., 2017).
2.6. Peer to peer health in closed support group
‘Peer’ is defined as “‘‘one who is equal to another in rank, standing, merit, etc.; member of one of the
degrees (duke, marquis, earl, viscount, baron) of nobility in the United Kingdom’’(Allen, 1991).,
Dennis (2003) explicates the concept ‘peer support’ “as the giving of assistance and encouragement
by an individual considered equal”(Dennis, 2003). “Peer Support group is also defined as groups of
people who are largely self governing and share a common condition, situation, symptoms, afflictions
or experiences”(Snyder, 1988).
Empirical research provides support for relevance of Peer Support in health support. For example peer
interventions have been used to enhance prenatal care amongst mothers of low-income families
(Lapierre, Perreault, & Goulet, 1995). Resource Mother program assigned one resource mother to each
pregnant adolescent who provided the social support required to improve the peri-natal results (Heins,
Nance, & Ferguson, 1987). In another peer support group where peer workers provided prenatal
education to Hispanic farm worker families, the researchers found that the program was well received
and was successful. The peer workers were accepted by the target families and they did not threaten
the medical community (Warrick, Wood, & Meister, 1992).
Another investigation in health care interventions focused on prevention intervention over treatment of
illness as focus of their health intervention strategy(Dennis, 2003). The success of prevention over
treatment strategy encouraged research in peer-to-peer support systems that supported enhancing the
support structure of the relationship. Their findings indicate that support enhancing interventions
improves the overall quality of health and life for people living with chronic illnesses (Dennis, 2003).
For instance, difficulties faced by MSM’s to access HIV prevention interventions was better addressed
by services that did not judge these men’s sexual orientation and practices, that acknowledged that
high risk behavior stemmed from low self-esteem, depression and social discrimination and
approaches that adapted strategies to foster self acceptance and increased social support (Thomas et
al., 2012).
3. Theoretical Framework
3.1. General Discussion of Knowledge Sharing theory
The Social Cognitive Theory argues that a person's behavior is partially shaped and controlled by the
influences of social network (i.e., social systems) and the person's cognition (e.g., expectations,
beliefs) (Bandura, 1989)Bandura advances two types of expectation beliefs as the major cognitive
forces guiding behavior: outcome expectations and self-efficacy. During the past decade, studies in the
information systems (IS) literature have demonstrated the importance of self-efficacy and outcome
expectations for predicting and improving computer training performance, computer usage, and
Internet behaviors. According to Bandura (Bandura, 1982) if individuals were not confident in their
ability to share knowledge, then they would be unlikely to perform the behavior, especially when
knowledge sharing is voluntary. Why do individuals spend their valuable time and effort on sharing
knowledge with members in virtual communities, should be addressed from the perspectives of both
personal cognition and social network(Chiu et al., 2006). The tenet of the Social Capital Theory is that
social relationships among people can be productive resources (Coleman, 1988). Putnam suggested
that social capital facilitates coordination and cooperation for mutual benefit (Putnam, 1993). Social
capital has been defined as “the sum of the actual and potential resources embedded within, available
through, and derived from the network of relationships possessed by an individual or social
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unit”(Nahapiet&Ghoshal, 1998, p.243). Tsai and Ghoshal [73] empirically justified how social capital
facilitates resource exchange and production innovation within the organization. “The ASK hypothesis
is that an information need arises from a recognized anomaly in the user’s state of knowledge
concerning some topic or situation and that in general, the user is unable to specify precisely what is
needed to resolve that anomaly”(Belkin, Oddy, & Brooks, 1982).
3.2. Actors Framework theory of Knowledge Sharing
Al-Hawamdeh (2003) in his book ‘Knowledge Management: Cultivating Knowledge Professionals’,
chapter 5 Knowledge Sharing explains the concepts of Knowledge sharing. He defines Knowledge
sharing as …..
“Knowledge sharing, in its broadest sense, refers to the communication of all types of
knowledge, which includes explicit knowledge or information, the “know how” and “know
who” which are types of knowledge that can be documented and captured as information; and
tacit knowledge in the form of skills and competencies. Tacit knowledge is personal and can
only be shared through socialization, interaction and training. It requires face-to-face
communication and in most cases it gets transferred through observation, imitation, practice,
and interaction with the environment.” (Al-Hawamdeh, 2003, p 1).
From the organizational context, aging work force, retiring employees, may take the knowledge they
have accumulated over years with them when they separate from the organization. It is therefore
necessary for the organization to find means to retain this knowledge to pass it on to the next
generation. Lee and Al-Hawamdeh(2002) proposed the Actors framework model of Knowledge
sharing, that forms the theoretical background of this current study. According to this framework,
Knowledge sharing is a process-taking place between two actors and the process may each include one
or more people. Channels of knowledge sharing includes channel mediated by technology as in real
time message sharing in an online support group forum. Factors affecting knowledge sharing can arise
from the actors, the knowledge being shared, the channel, the organization or the broader
environmental climate (Lee & Al-Hawamdeh, 2002).
3.3. Research Approach
Based on our theoretical framework we decided to conduct semi structured interviews to seek deeper
insights in to various relationships that influences knowledge sharing amongst people living with HIV
and AIDS on social networking medium. Mixed method approach allows researchers to seek deeper
insights i.e. to comprehend as well as confirm the phenomenon under interest(Dunning, Williams,
Abonyi, & Crooks, 2007). When research is conducted first using qualitative methods it helps better
understand the problem and in conceptualization efforts. Researchers can then explore theory using
quantitative methods and is thus considered to be mixed methodology approach (Laukkanen, 2007).
Prior research indicates that mixed methods that includes both qualitative and quantitative methods to
investigate social network help researchers achieve control, generalizability, as well as a reasonable
control over the research design(Chang, Kaufman, & Kwon, 2014). In order to study knowledge
sharing among people living with HIV on social networking, we determined group that was
information intense and decided to gain deeper insights (Patton, 2002). In this effort, we approached
an organization in DFW area, which provided services to people living with HIV. After establishing
initial contacts we came across members who were a part of online closed group on a closed social
networking site. We requested the group moderator to post our study objective on their closed group
news feed where we appealed to the group members to contact us for a semi structured interview. We
were able to recruit 15 group members in this fashion who agreed to participate in our semi-structured
interview. We used Go-to-meeting software to conduct and record our interviews with the participant.
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Participants did not have to share us their email id or phone numbers as we send them each meeting
invitation using the members regular Facebook ID. After the interviews were recorded, we transcribed
the recordings and we validated the transcriptions by engaging in two different authors approved by
the IRB to participate in this study.
3.4. Constructs Definition and Hypotheses:
“HIV Specific Knowledge sharing” is defined as the process of knowledge sharing/transfer of the
specific knowledge related to HIV and AIDS amongst the people living with HIV and AIDS in the
context of online support group interactions”
“Technology Mediated Channel of Knowledge sharing” is defined as the benefits of the features of the
technology channel of HIV related relevant knowledge sharing which is the online support group such
as secret HIV Facebook group perceived by person living with HIV and AIDS within the context of
online support group interactions.
“HIV Specific Knowledge need” as the need experienced by person diagnosed with HIV to gain
specific knowledge related to HIV and AIDS.
Based on the Actor Framework theory proposed by Lee and Hawamdeh (2002), “Actor specific
factors” is defined as a second order construct and is comprised of the following first order constructs
namely: Motivation, and People Skills
Based on definitions of our constructs research model we made following hypotheses.
Hypothesis 1 :There is a positive correlation between Technology Mediated channel of Knowledge
Sharing and HIV Specific Knowledge Sharing
Hypotheses 2 :There is a positive correlation between HIV Specific Knowledge need and HIV
Specific Knowledge Sharing.
Hypothesis 3: Actor specific factors positively influences HIV Specific knowledge sharing.
4. Methodology:
4.1. Analytical Approach
We used partial least squares to investigate the relationship between the independent and dependent
variables (Wold, 1985). The exploratory nature of the model, and the inclusion of both formative and
reflective constructs supports the use of PLS-SEM (Hair Jr, Hult, Ringle, &Sarstedt, 2013; Law &
Wong, 1999). SEM (Hair Jr, Hult, Ringle, &Sarstedt, 2013; Law & Wong, 1999). In order to estimate
relationships between the initial structural models, analysis was done using SmartPLS 2.0 M3 with
path weighting scheme (Ringle, Wende, & Will, 2005). “Evaluation of a model within PLS-SEM is a
two step, sequential approach that requires the initial assessment of the measurement model, which
provides information regarding the reliability and validity of latent constructs. Confirmation of
reliability and validity via the measurement model is followed by an evaluation of the structural
model” (Henseler, Ringle, &Sinkovics, 2009). It is only possible to make inferences regarding the
inner model and their path coefficients after the outer model is confirmed for reliability and validity
Measurement model: With cursory analysis of the descriptive statistics, and an established a priori
model, analysis was performed with the raw data set using PLS-SEM. Verification of the internal
consistency reliability of the reflective latent indicator variables in the outer model was conducted. As
seen in the Table 2, indicators met the accepted thresholds for composite reliability (Werts, Linn,
&Jöreskog, 1974) by exceeding recommended value of 0.8 (Nunnally, Bernstein, & Berge, 1967).
Due to the unequal indicator weighting used in the calculation of composite reliability, composite
reliability is considered superior to Cronbach’s alpha within the context of PLS-SEM. Convergent
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validity of the reflective item indicators was verified through the analysis of the outer loadings of the
indicator being greater than the accepted threshold of 0.7, or through the verifications of indicators
above the minimum cutoff value of 0.4 , and the negligible impact of their removal on the composite
reliability of the latent reflective construct (Hair Jr et al., 2013). At the individual reflective construct
level, convergent validity was established with the average variance extracted (AVE) value of the
reflective latent construct exceeded the established criteria of .5 (Fornell&Larcker, 1981).
Discriminant validity was supported through the analysis of indicator cross loadings. Additionally the
indicators were consistent with the Fornell- Larcker criterion (Fornell&Larcker, 1981) that the square
root of the AVE values of the reflective constructs should be higher than the highest correlation of the
latent constructs. After the confirmation of the reliability and validity of the outer measurement model,
the individual path coefficients from the inner structural model were examined. Estimated bootstrap
standard error was generated to calculate the t statistics with recommended 5000 bootstrap samples
(Hair Jr et al., 2013). The study attempted to identify the essential antecedents of HIV Specific
knowledge sharing through social networking sites namely closed Facebook group for PLHA and
WhatsApp group for PLHA . All the hypotheses are statistically significant. The support of hypotheses
validates direct impact of technology in this Facebook and Whatsapp applications, HIV Specific
knowledge need and Actors specific factors on HIV Specific knowledge sharing.
5. Discussion
Knowledge Sharing amongst PLHA population is a critical research topic because this topic has the
potential to provide deeper insights in to the various behavior patterns of PLHA especially in the post
diagnosis phase. This understanding is important from the business perspective because such
knowledge sharing platforms provides visibility to otherwise invisible market segments. Qualitatively
and quantitatively confirming understanding of the unique needs of this market segment informs
businesses on making relevant products and services available to this unique customer base. The chief
contribution of this paper is the proposition of an integrated theoretical framework and the use of
survey data to validate direct impact of technology mediated channel of knowledge sharing, HIV
specific knowledge need and actor specific factors on Facebook ( HIV) Specific knowledge sharing.
The proposed framework provides strong exploratory power and the antecedents can explain 40.6% of
variance in the HIV Specific Knowledge sharing. This study not only guides the practitioners in the
development of their ecommerce services to this unique group of population, but also guides furture
research in this area. This study has explored knowledge sharing and knowledge management amongst
PLHA over technology mediated channel of knowledge sharing primarily a closed PLHA Facebook
group and a PLHA Whatsapp group. Such knowledge sharing is amongst a group of who perceives
comfort in anonymity and thus any interactions including Knowledge sharing is still tacit in nature.
For e.g. Users expressed concerns if they suspected that one of the members was experiencing any life
changing events and since knowledge shared is only tacit in nature needs more firmer solutions.
6. Conclusion
Knowledge sharing is an important aspect in the lives of PLHA. PLHA knowledge needs are specific
and research indicates that PLHA rely on experience and knowledge of long time survivors of HIV
(Krentz& John Gill, 2018). PLHA still experience intense shame or felt stigma; are often subjected to
humiliation through enacted stigma (Scambler, 1998); and have also been subjected to courtesy
stigma, that involves shaming of their families (Bogart et al., 2008). Research indicates that many
PLHA have hidden their health conditions even from health care providers in fear of shaming their
families often leading to tragic consequences (McHugh et al., 2018; Monteiro, Villela, Soares, Pinho,
&Fraga, 2018; Yassin, Erasmus, & Frantz, 2018). Through knowledge sharing and social support
PLHA are uniting in shared efforts to increase the quality of their lives. PLHA knowledge sharing and
management does not follow the usual framework of information seeking behaviors. However as more
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and more people are added to the closed Facebook groups, PLHA have found a distinct and unique
platform of knowledge sharing environment which is proving critical to enhancing quality of their
lives.
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ABSTRACT
The continuous increasing pollution and its effect on human health, living organisms as well as
non-living things become the concern these days. So it become necessary to overcome this problem with
better combustion technique. Dual fuel engine combustion technology is found very effective in this
manner. In the current research the dual fuel engine is operated with LPG and blends of diesel with
biodiesel of orange peel oil. The performance and emissions characteristics of dual fuel engine are
analyzed and results are compared with direct injection diesel engine. It is found that the performance of
dual fuel engine are better than conventional diesel engine at intermediate and higher loading condition.
The emissions of dual fuel engine are also noticed less compared to conventional diesel engine. It is found
that the highest BTE of 28.9% can be achieved with LPG and OP50D50 dual fuel mode which 1.3%
higher than conventional diesel engine. The NOX emissions are less than conventional diesel engine at
lower and intermediate load however, it is comparable at full load.

Keywords: Dual Fuel Engine; OPOME; LPG; Performance, Emissions.
1. Introduction
High efficiency of diesel engine increase its popularity in power generation, agriculture and
transportation sectors[1]. However, higher emissions of diesel engine become major problem these day as
pollution level is increasing continuously. Many researchers are working for reducing the emissions of
diesel engine especially NOX and smoke with different technologies. New techniques like exhaust gas
recirculation, selective catalytic reduction etc. are used to reduce the emissions of diesel engine[2]. Apart
from these techniques blending of biodiesel with diesel, changing fuel injection timing and quantity,
multiple injection stages etc. approaches also used to reduce the emissions. Most of these techniques and
approaches reduce the emission by some extent but they shows the adverse effect on the performance of
the engine[1]. The brake thermal efficiency (BTE) of the engine reduced by implementing these
technologies. Hence it become necessary to work in both the directions. Dual fuel combustion technology
is proposed to be an effective approach to over comes dual problems of high emissions and lower
BTE[3].The emissions and performance benefits in dual fuel combustion technology are mainly due to
homogeneous air fuel mixture and low temperature combustion as compared to conventional diesel
engine[4].
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In dual fuel combustion technology, two fuel are used. One fuel is gaseous fuel which mix with
air and form a homogeneous mixture before entering the combustion chamber. The mixture of gaseous
fuel and air is introduced in the combustion chamber during intake or suction stroke. Most of the energy
is generated with this fuel only hence it is also known as primary fuel[5]. Second fuel is mainly a liquid
fuel having high cetane number and low auto ignition temperature. The liquid fuel is injected to the
combustion chamber at the end of compression stroke. The quantity of liquid fuel injected is very small as
compared to fuel injected in conventional diesel engine mode. The principle work of the liquid fuel is to
ignite the gaseous fuel as the auto ignition temperature of most of gaseous fuel is higher than petroleum
diesel fuel[6]–[8]. Hence, this fuel also known as pilot fuel in dual fuel combustion technology. The
energy requirement during load change is fulfill either by increasing mass flow rate of primary or pilot
fuel or by changing mass flow rate of both fuels[6], [9].
Any diesel engine can easily converted into dual fuel engine with any major hardware
modification. One gas kit need to be installed so that the mixture of gaseous fuel and air can introduce to
the cylinder during intake stroke. However, the liquid fuel injection is done through ordinary fuel injector.
The timing of liquid fuel injection also kept unchanged. In current research liquefied natural gas (LPG) is
used as primary fuel and blends of diesel fuel with orange peel oil methyl ester (OPOME) in different
proportion is used as pilot fuel for LPG. The selection of fuels is done on the bases of their properties as
fuel, ease in availability, renewability and easy to handle. LPG is easily available everywhere in bottles
however biodiesel of orange peel oil is selected because of its properties[2], [10], [11]. The density and
kinematic viscosity of orange peel oil are less than diesel fuel but contain some stickiness which might
create problems to the engine during operation[2], [12], [13]. Hence biodiesel of the orange peel oil is
prepared. The properties of the OPOME is checked before use it as pilot fuel. It is found that the
kinematic viscosity, density, cetane number of OPOME are better than petroleum diesel fuel.
In present work the emissions and performance of dual fuel engine is analyzed and the results are
compared with conventional diesel engine. It is found that the BTE and brake specific energy
consumption (BSEC) of dual fuel engine is better than conventional diesel engine. At full load the BTE of
dual fuel engine is 1.8% higher than conventional diesel engine. However at low load the BTE and BSEC
of conventional diesel engine are better than dual fuel engine. The exhaust emissions of dual fuel diesel
engine are also better than conventional diesel engine. It is found that the NOX emissions and smoke
opacity of dual fuel engine is less as compare to conventional diesel engine throughout the loading
conditions. However, the unburnt hydro carbons (UBHC) of dual duel engine are higher than
conventional diesel engine.
2. Materials and Method
2.1 Selection of Engine
In the current work the basic engine, kirloskar four stroke, single cylinder, constant speed, direct
injection diesel engine is converted into dual fuel engine. For that the intake manifold is modified in such
a way that the homogeneous mixture of LPG and air can be supplied to the cylinder as per the
requirement. The especially designed venturi type gas mixture is installed before intake manifold so that
homogeneous mixture of LPG and fresh air is prepared before entering to the intake manifold. The LPG
stored in the cylinder at around 200 bar but very less pressure is required for mixing. Hence, it is required
to decrease the pressure from 200 bar to 5 bar. So a multi stage pressure regulator is installed near the gas
cylinder which regulate the pressure of LPG. In current research the quantity of pilot fuel kept constant
and the supply of LPG changes according to the load. Hence the mass flow regulator is also installed
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before intake manifold. While, the mass flow rate of pilot fuel is measured with fuel measuring burette
and stop watch. The setup is designed in such a way that it will run in both (i.e. dual fuel engine and
conventional diesel engine) modes. One electrical dynamometer is installed with the engine as a loading
device for analyzing the performance parameters of the engines. The load on the engine can be increase or
decrease by switching off and on the resistance of the dynamometers. The brake thermal efficiency, brake
specific energy consumption of the dual fuel engine mode are calculated as performance parameters of
the engine however, Unburnt hydrocarbons, carbon monoxides, oxides of nitrogen and smoke are
measure as emissions parameters of the dual fuel engine. The exhaust gas temperature is also measure
with the help of K type thermocouple which is installed at exhaust manifold which help to understand the
trends of performance and emissions parameters. The schematic diagram of engine setup is given in
figure 1.

Footnote: 1. LPG Pressure valve, 2. 3 way valve, 3. Fuel measuring burette, 4. LPG reducer, 5. Rotameter, 6.
Lambda controller, 7. LPG control valve, 8. Air Box, 9. Venturi (installed in intake manifold), 10. Biodiesel Tank
and 11. Diesel Tank.

Figure 1: Schematic diagram of experimental setup
The dual fuel engine is modified version of diesel engine hence it become necessary to compare
the dual fuel engine on its emissions parameters as well. In the current research the exhaust emissions like
UBHC, NOX, CO and smoke of dual fuel engine are measured and compared with conventional diesel
engine. The emissions like UBHC, CO and NOX are measured with AVL 4000 light di-gas analyzer
where smoke is measured with AVL 437 smoke analyzer. In smoke analyzer a light beam is projected on
the exhaust comes from the engine. Some part of the light is absorbed by exhaust, some part of light is
scattered while remaining portion of light is falls on photocell which generate the photoelectric current.
This photoelectric current is then measure which further converted into opacity of smoke. The
specifications of di-gas analyzer and smoke analyzer is given in table 1.
Table 1: Test Rig Specifications
Engine Specification
Manufacturer

Kirloskar, India
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Model
Rated Power (hp/kW)
StrokeX Bore (mm)
Compression Ratio
Starting

CAF 8
8/5.9
110 X 95
17.5 : 1
Manually Started with Lever

Dynamometer Specification
Make
Type
Output
Voltage
Current

Kirloskar Electric, India
50 Hz, Single phase, AC alternator
5 KVA @ 1500 rpm
230 V
32.6 A

2.2. Biodiesel production and fuel preparation
The LPG is used as primary fuel in current research. The domestic LPG cylinder is used for LPG
supply and all the safety precaution are taken for safe working. However, blend of diesel and biodiesel of
orange peel oil are used as pilot fuel. The biodiesel of orange peel oil used in current research is prepared
in the lab itself. The orange peel oil was purchased from market and preparation of biodiesel and blending
all these processes done in the lab only. The oil is first heated above 120C temperature for 20 minutes so
that any moisture contain present in it evaporate. One gram of oil is taken from it to measure the free fatty
acid content in it. The FFA of orange peel oil is less than 2 hence, the biodiesel can be prepared with
single stage production process. The biodiesel of orange peel oil is prepared according to Kumar &
Kumar [2]. The blends are prepared afterwards. The physicochemical properties (like density, kinematic
viscosity, calorific value and CFPP) of prepared blends are measured. The nomenclature and properties of
blend are given in table 2.
Table 2: physico-chemical properties of all tested fuels
Properties
Diesel
OPOME OP50D50
Density (kg/m3)

823

812

819

Viscosity (mm2/s)

2.65

1.04

1.87

Flash Point (°C)

58

132

73

Cetane Number

45

51

48

Calorific Value (MJ/kg)

43.3

40.6

41.9

Auto Ignition Temperature (°C)

230

194

202

-

9.1

4.5

2.16

1.4

1.8

Oxygen availability (%)
H/C ratio
3.Result and Discussions
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The performance and emissions characteristics of dual fuel engine is analyzed and results are
compared with conventional diesel engine taking it as base line data in this section. The variation of BTE
with respect to load applied for all mode of operation is shown in figure 2. It is found that the dual fuel
engine shows better BTE for all combination of fuels as compared to conventional diesel engine at
intermediate and higher loads. However, at lower load the BTE of conventional diesel engine is better
than dual fuel engine. At full load, the dual fuel engine with diesel as pilot full has highest BTE of 30.6%
which is more than 1.8% higher than conventional diesel engine. However, the performance of other pilot
fuel in dual fuel engine is comparable of diesel as pilot fuel.
The variation of BSEC with respect to load is represent in figure 3. It is well known that the
BSEC is inversely proportional to BTE. The BSEC is calculated by measuring mass flow rate of gaseous
and liquid fuel and multiply it with their calorific value which give the energy flow rate. By analyzing the
data it is found that the BSEC of dual fuel engine for all combination of fuels is less than base line data
especially at intermediate and higher load. At higher load the richer mixture of LPG and fresh air enters to
the combustion chamber and result in good combustion. Which results in lower BSEC. However, at lower
load the BSEC of dual fuel engine is higher than conventional diesel engine due to incomplete
combustion of LPG gas.
The exhaust gas temperature is also measured with the help of K type thermocouple which is
installed at exhaust manifold. The exhaust gas temperature is measured to understand the combustion
nature inside the combustion chamber. The trend of exhaust gas temperature with respect to load is shown
in figure 4. It is observed from the result that the combustion takes place in dual fuel engine is smoother
and at low temperature as compared to conventional diesel engine. The exhaust gas temperature of dual
fuel engine is remain less than conventional diesel engine throughout loading conditions. However, the
difference is very less at no load which increases with load. The lower exhaust gas temperature indicated
that the combustion of fuel in dual fuel engine is smoother than conventional diesel engine.

Figure 2:BTE w.r.t. Load

Figure 3: BSEC w.r.t. Load
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Figure 4: Exhaust Gas Temperature w.r.t. Load

Figure 5: NOX Emissions w.r.t. Load

Figure 6: UHCs Emissions w.r.t. Load

Figure 7: CO Emission’s w.r.t. Load

Figure 8: Smoke Opacity w.r.t. Load
NOX is most important pollutant to measure and control as it is very harmful for the human and
other living organisms. The variation of NOX formation in both conventional diesel and dual fuel engine
with respect to load is shown in figure 5. The oxides of nitrogen form at higher temperature as nitrogen is
an inert gas and does not react at lower load. Hence, the NOX emissions depend upon the in-cylinder
temperature. In dual fuel engine the combustion takes place smoothly hence the maximum temperature
remains slightly lower than conventional diesel engine. This results in lower NOX emission in dual fuel
engine at all loading conditions as compared to conventional diesel engine. However, the NOX variation is
very less at lower load which increase at higher load.
The second most important pollutant which should be studied and reduced is CO. From the result
analyses it is found that the CO emissions of dual fuel engine is comparable to conventional diesel engine
at low and intermediate loading. However, the CO emissions of dual fuel engine is sufficiently lower than
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conventional diesel engine at higher and full load, most of diesel engines are running at high and
intermediate loading condition only hence in this condition dual duel engine can be act as effective
substitute to the conventional diesel engine. At full load the CO emissions of dual fuel engine are 50%
less as compared to conventional diesel engine. The less CO emission results in increasing power and
efficiency of the engine. The variation of CO emissions with respect to load for both dual fuel mode and
conventional diesel mode is shown in figure 7.
The energy in the engine is generated by combustion of fuel hence the study of UHCs is also
become very important to analyze the results in proper manner. From the result it is found that the UHCs
emissions of dual fuel engine are remain higher than conventional diesel engine for all loading conditions.
However the UHCs emissions of dual fuel engine increases with load in the starting stage which start
decreasing after intermediate loading conditions. The reason for that is improved combustion of gaseous
fuel in dual fuel engine at higher load. At full load the UHCs emissions of dual fuel engine are also higher
than conventional diesel engine but the difference become very less as compared to low and intermediate
loading condition.
The smoke opacity of dual fuel engine is also analyzed in the present research. The change in
smoke opacity with respect to load is shown in figure 8. It is found that the dual fuel engine is associated
with less smoke as compared to base line data for all loading conditions. Further, the Dual fuel engine
emits white smoke however conventional diesel engine emits black smoke. At low load the smoke opacity
of dual fuel engine and conventional diesel engine are comparable. But at intermediate and higher load
the smoke opacity of conventional diesel engine increase at faster rate compared to dual fuel engine. At
full load the smoke opacity of dual fuel engine is nearly 20% than conventional diesel engine.
4. Conclusions
The dual fuel engine is run on LPG and different blends of petroleum diesel and OPOME. The
quantity of pilot fuel consume is very less as compare to primary fuel. Hence the blends are prepared by
keeping this thing in mind. The performance and emissions characteristics of dual fuel engine is analyzed
and some important outcomes are as follows:
 The BTE of dual fuel engine is higher than conventional diesel engine after intermediate loading
condition.
 The exhaust gas temperature of dual fuel engine is lower than conventional diesel engine for all
loading conditions. This represents low temperature combustion in dual fuel engine.
 Due to low temperature combustion the NOX emissions of dual fuel engine are also less than
conventional diesel engine.
 The UHCs emissions are more in dual fuel engine as compare to conventional diesel engine.
However, the CO emissions of both the engines are comparable.
 Smoke opacity of dual fuel engine is less than conventional diesel engine and the significant
difference can be observed at full load.
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Abstract
The present study highlights some of the major reasons for creating job dissatisfaction among
bank employees. Although conventional sources of dissatisfaction like salary, promotion,
security, autonomy for work are not relevant in bank but the level of satisfaction is limited due to
some emerging phenomenon like volatile industry structure, flat organizational design, literally a
non-responsive market and other allied factors. So, the probability of managing these
dissatisfaction indicators at the organization level seems a remote solution. The intervention of
psycho-social machinery for creation of intra-organization and inter-industry job confidence is
the call of the day for increasing job satisfaction levels in the bank ICICI bank and PNB Bank.

Keywords
Job dissatisfaction; Psycho-social machinery; Intra-organization; Inter-industry job confidence.

Introduction
ICICI Bank
ICICI Bank Limited is an Indian multinational banking and financial services company
headquartered in Mumbai, Maharashtra with its registered office in Vadodara, Gujarat. As of
2018, ICICI Bank is the second largest bank in India in terms of assets and market
capitalization.30 September 2017. ICICI Bank is present across 17 countries, including India.
The bank's equity shares are listed in India on Bombay Stock Exchange and the National Stock.
The bank and their subsidiaries offer a wide range of banking and financial services including
commercial banking, retail banking, project and corporate finance, working capital finance,
insurance, venture capital and private equity, investment banking, broking and treasury products
and services. They offer through a variety of delivery channels and through their specialized
subsidiaries in the areas of investment banking, life and non-life insurance, venture capital and
asset management. On 7 November 2017, the Board of Directors of ICICI Bank approved the
sale of a part of its shareholding in ICICI Securities in an initial public offering by ICICI
Securities, subject to requisite approvals and market conditions. On 15 December 2017, ICICI
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Bank announced that it is selling 6.44 crore shares of its subsidiary company ICICI Securities
through IPO of ICICI Securities.
Benefits to Employee
1. Maternity and Paternity Leave: “It’s one of the best in the country. Extended 35 days
childcare leave is provided post the maternity leave.”
2. Sick Leave: “Unlimited Sick leave policy which are paid. Company genuinely cares for
its employees and trusts them on their professional work ethics.”
3. Vacation and paid Time Off: “paid vacations are provided by the bank” Good
Technology and Job Security lot of additional perks were there apart from salary.RNR
was conducted every year by the company Increment was happening on low
margin.Focus is cleared to grow in the competitive market.
4. Good HR policy and employee benefits:Satisfactory work culture Khyaalaapka concept
for customers and saath apka concept for the employees. ICICI bank gives you a great
learning about banking industry, this is also one of the most innovative banks in India,
they are very much focused on technology advancement to ease the process and the way
they work. Fast Track Learning Environment with promising opportunity to excel in
Career.Salary benefits are also very good as compared to the market
PNB BANK
One of the biggest multinational banks of the country, Punjab National Bank offers a wide
range of banking and financial services. It is a state-owned corporation which is headquartered
in the capital city. It owns more than 6,000 branches across India.
The bank was founded in 1894. As of 31 March 2017, the bank has over 80 million customers,
6,937 branches and 10681 ATMs across 764 cities. The bank is located in a friendly
neighborhood place. The staff is knowledgeable and offers valuable assistance to the
customers.
Benefits to Employee
1. Maternity & Paternity Leave: “good for starter as per current market conditions”. Vacation
& Paid Time Off “Leave rules are there but finding a relief is tough”
2. Insurance,
3. New Pension Scheme,
4. Low interest rate on borrowings for employees,
5. Promotion through written exams, after wards very good salary increase.
Job Satisfaction
Job satisfaction is very important because most of the people spend a major portion of their life
working place. Job satisfaction can be defined as the extent of positive feeling or attitude
towards their jobs. “Job satisfaction is the set of favorable or unfavorable feeling with which
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employees views their work.”
Three important dimensions of job satisfaction:
1.
Job satisfaction cannot be seen; it can only be inferred. It relates to one’s feeling towards
one’s job.
2.
Job satisfaction is often determined by how outcome will meet the expectations. If the
employees working in the organization feel that they are working much harder than others in
the department but the receiving lower rewards, they will be dissatisfied and have a negative
attitude toward the job, the boss and the co-workers. On the other hand, if they are being paid
equitably and treated well by the organization, they will be satisfied with their jobs and will
have positive attitudes.
3.
Job satisfaction and job attitudes are typically used inter changeably. Positive attitude
towards the jobs are conceptually equivalent to jobs satisfaction and negative attitudes towards
the job indicates job dissatisfaction.
Factors influencing job satisfaction: Wages and salary, Promotional changes, Bank policies,
Work group, Working conditions, Job scope, Interesting work, Tenure
Theories of Job Satisfaction
1. Affect Theory
Edwin A. Locke’s Range of Affect Theory (1976) is arguably the most famous job satisfaction
model. The main premise of this theory is that satisfaction is determined by a discrepancy
between what one wants in a job and what one has in a job. Further, the theory states that how
much one values a given facet of work (e.g. the degree of autonomy in a position) moderates
how satisfied/dissatisfied one becomes when expectations are/aren’t met [16].
2. Dispositional Theory
A significant model that narrowed the scope of the Dispositional Theory was the Core Selfevaluations Model, proposed by Timothy A. Judge in 1998. Judge argued that there are four
Core Self-evaluations that determine one’s disposition towards job satisfaction: self-esteem,
general self-efficacy, locus of control, and neuroticism. This model states that higher levels of
self-esteem (the value one places on his/herself) and general self-efficacy (the belief in one’s
own competence) lead to higher work satisfaction. Having an internal locus of control
(believing one has control over her\his own life, as opposed to outside forces having control)
leads to higher job satisfaction, finally, lower levels of neuroticism lead to higher job
satisfaction.
3. Two-factor theory (Motivator-hygiene theory)
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Frederick Herzberg’s two factor theory (also known as Motivator Hygiene Theory) attempts to
explain satisfaction and motivation in the workplace. This theory states that satisfaction and
dissatisfaction are driven by different factors-motivation and hygiene factors, respectively. An
employee’s motivation to work is continually related to job satisfaction of a subordinate.
Motivation be an inner force that drives individuals to attain personal and organization goals
[17]. Motivating factors are those aspects of the job that make people want to perform, and
provide people with satisfaction, for example achievement in work, recognition, promotion
opportunities. These motivating factors are intrinsic to the job, or the work carried out. Hygiene
factors include aspects of the working environment such as pay, company policies, supervisory
practices, and other working conditions.
Literature Review
Anumba [1] describes the approach adopted in the evaluation of a knowledge-based system for
subsidence management, subsidence case management system (SCAMS). It introduces general
principles in the evaluation of knowledge-based systems, highlighting some of the various
techniques available. The criteria adopted for SCAMS's evaluation are then established,
followed by a description of the evaluation methodology. The paper concludes with an
appraisal of the evaluation process and a discussion of its outcome.

Bourne [2] explained in the paper addresses issues met when designing, implementing, using
and continuously updating performance measurement systems in manufacturing companies.
The paper develops, from theory, a framework for analysing the implementation of a
performance measurement system and uses this framework to interpret three longitudinal case
studies. The paper concludes that specific processes are required to continuously align the
performance measurement system with strategy. When these processes are combined with a
well-defined model of strategic success, the measurement system can enhance the strategic
management process by challenging the assumptions and the strategy itself.
Pareek [3] gave a glimpse in the book explores the core concepts of organizational behavior
(OB) and It provides in-depth coverage of the issues and challenges faced by Indian
organizations in the areas of traditional culture and modern management. This edition
continues the accepted process approach to understand OB. It emphasizes on the role of
personality and leadership styles, emotional intelligence, and the roles and functions of the
individual, the team, and the organization. Various essential concepts, such as societal culture
and organizations, managing work motivation, preventing and managing conflicts in
organizations.
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Abbas [4] claimed that the job satisfaction as an attitude is a widely researched area;
furthermore it is very important theme in context of banking professionals as they are one of
the most overworked people. It determines the productivity of the employees in various sectors
of the industry. The present study analyzes the effects of financial factors, working condition,
supervision and advancement opportunities on job satisfaction across gender and different
categories of jobs in Indian private banks. The research employed multistage stratified cluster
sampling and statically procedures. Banking professionals were most content with working
conditions and least with financial terms. Males and females and different categories in banks
did not have significant difference in the level of job satisfaction.
Archana [5] her research reveals employee satisfaction as an integral factor for organizations in
India for obtaining competitive advantages in terms of both quality and productivity. Employee
satisfaction is an attribute pertinent to the workforce, which proves to be a valuable asset for
the development of any sector. It is intended that findings of this research can be used to bring
improvements in the work being done in the IT industry. This research focuses on the factors
that causes employee satisfaction on dissatisfaction. Initially factors affecting employee
satisfaction were identified.In this study the relationship of employee satisfaction with quality
and productivity was analysed for Indian organization.
Monga et al.[6] A convenient sample of employees at selected six branches of the ICICI bank
in the state of Himachal Pradesh was used. It comprised of eighty employees. A five point
Likert Scale questionnaire containing fifteen questions extracted from the short form of
Minnesota Satisfaction Questionnaire (MSQ) was administered for data collection. Besides,
questions on personal characteristics, the questionnaire included important dimensions of
organizational structure. The results obtained from analysis of data revealed that salary, interpersonal relationship, communication, attitude of superiors, working conditions and team work
have more bearing than the factors of training and development, rewards and compensation,
nature of job, job security, morale and role clarity in determining job satisfaction of employees
of the ICICI bank in Himachal Pradesh. Some suggestions for further research and improving
were also made.
Mocan et al.[7] conducted a case study in Romania, the practice undertaken are enhance reliant
on the environment and society. Through these activities it is desired to increase the
performance of the banking system because this system was directly affected by the current
economic crisis. In the current economic situation in Romania, CSR (corporate Social
Responsibility) is considered an actual instrument even in the banking industry. There are a
number of benefits provided for the banking institutions performing CSR, including: economic
efficiency, improved company reputation, employee loyalty, communication between the
banking industry and society, attracting new opportunities and increase organizational
commitment.
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Asondariya [8] used the survey method of study and Saurashtra teachers were included in
sample. It was found that there was no significant difference in the Achievement motivation of
Below 25 years and Above 25 years Vidyasahayak teachers of Saurashtra-Kutch. That means
the Achievement motivation of both the groups was almost equal.
Solanki and Rathore[9] In the present business condition as it is valid with high occupation
misfortunes because of cutback and conservation to make a lean association, it is additionally
critical for associations to stop loses of performing workers because of diminishing
employment fulfillment and absence of inspiration to proceed with the association for long.
Propelled and fulfilled workers will have submitted approach towards authoritative target;
thusly associations will likewise need to show comparable duty towards representative
destinations. Here the job of HR is to constantly move in the direction of arrangement of
desires of the representative with the objectives of the association. This goal can be
accomplished by making rousing workplace which advances and addresses worker requirement
for development and improvement. These components albeit complex in nature and as they
couldn't be tended to for singular worker premise as it might differ case to case it is significant
for HR to investigate the basic zones of convergence. Occupation fulfilment or representative
inspiration is examined to deal with the turnover as well as there are other unfavourable
impacts of disappointment like non-appearance, low execution, lower confidence, low
commitment to the group, less coordination, less direction towards authoritative goal these
could influence the association ability to contend in the exceptionally focused business
condition. Consequently, the HR needs to initiate an authoritative domain and advance
hierarchical culture which takes in to thought of the overall need.
Kumar and Garg [10] This paper inspected the impact of persuasive elements (pay, offices and
advancement) on representatives' activity fulfillment in some chose associations of Punjab,
India. Test size comprises of 197 respondents who filled the poll. The information gathered
was exposed to proper elucidating factual investigation pursued by inferential insights on the
factors. The outcomes show a measurable huge connection between the three free factors (pay,
offices and advancement) with subordinate variable for example work fulfillment. The
outcomes likewise delineate that among free factors, compensation bundle is the most
significant and progressively persuasive variable. The examination uncovers that
administration can utilize various procedures and arrangements to fulfill and propel their
representatives.
Objectives & Research Methodology
The objectives of the research are as follows:
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To determine the level of satisfaction and dissatisfaction among employees.



To identify variables which have a significant impact on the satisfaction level of
employees



To make plan to induce greater satisfaction.



To identify prominent areas of dissatisfaction among the employees.



To suggest measures for inducing greater satisfaction in above mentioned areas.

Research Methodology
Research methodology of the research is as follows:
Universe
Sample size
Sampling Technique
Survey Method Used
Research Study

ICICI BANK AND PNB BANK
100
Stratified Random Sampling
Questionnaire and personal interaction.
Descriptive.

Procedure
To collect data for the research study, I planned to contact two organizations, namely ICICI bank
and PNB bank based on above understanding of job satisfaction of employees in the
organization.
Sources of Data
This research data will be collected from the primary source, i.e. respondents. Our method of
collecting data is through the interaction that will be done by the respondents from the sample.
And the secondary data will be collected through the organizations itself and the review of
literature. The research work will be carried out by visiting ICICI and PNB.
Data Analysis
The data collected thereby will be analyzed. The data will be graphically plotted, analysed on a
population parameter, compared with the norms, and the results will be interpreted. Discussion
will be made based on similar kinds of studies done on the similar area.

Data Analysis and Interpretation of ICICI& PNB
Table 3.01: Length of my services with this organization

Length of services

ICICI Bank

PNB Bank

Less than 6 months

30%

33%
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6 months -2years

40%

16%

2 years-5years

20%

41%

5years and above

10%

10%

Length of services with ICICI Bank
Less than 6 months

6 months -2yrs

40%

2 yrs – 5yrs

5yrs and above

20%
30%

10%

30%

Length of services in PNB Bank
Less than 6 months

6 months -2yrs

2 yrs – 5yrs

5yrs and above

16%
51%

41%

33%
10%

Figure Length of my services with this organization

Interpretation:
ICICI Bank: - The above table indicates that 30% of the employees were resigned within 6
months of service and 40% of the employees were stay for a period of 6 months – 2yrs.
However, only 30% of employee worked more than 2 years. In which 20% were worked for 2yrs
-5yrs and only 10% were stay more than 5yrs. This has been represented in the form of a graph.
PNB Bank: - In term of services in PNB, 33% of the employees were unsatisfactory from the job
and quite the job within 6 month and 16% employees were stay up to the period of 2 years.
However, 51% of staff goes for longer period in PNB. According to the survey it was found that
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41% of the employees have good faith on bank and they work up to 5 years also 10% of
employee stay more than 5 years in the PNB bank services. The results are shown in table and
pie chart is also plotted with the same. From the data it was found that the employees are stay for
longer period in PNB bank as compare to ICICI bank.
Table 3.02: The physical working conditions in my department

Working condition

ICICI Bank

PNB Bank

Dissatisfaction

28%

61%

Satisfaction

56%

20%

Good

14%

18%

Excellent

2%

1%

Working condition in ICICI Bank
Dissatisfaction

Satisfaction

Good

Excellent

56%
16%

28%

14%

2%

Figure 3.3: The physical working conditions in ICICI Bank
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Working condition in PNB Bank
Dissatisfaction

Satisfaction

Good

Excellent

20%

19%

18%

61%
1%

Figure 3.4: The physical working conditions in PNB Bank

Interpretation:
ICICI Bank: -The above table indicates that 28% of the employees were unsatisfactory with the
working condition of the bank and 56% employees were just satisfactory with working
condition. However, only 16% of employees were more than satisfied with the working
condition of bank out of which 14% of the employees were found that working condition in bank
is good only 2% of the employees were found working condition in bank is excellent. This has
been represented in the form of a graph.
PNB Bank: - The same survey was also done with PNB employees. It was found that 61% of the
employees were unsatisfactory with the working condition of the bank and 56% employees were
just satisfactory with working condition. However, only 20% of employees were more than
satisfied with the working condition of bank out of which 18% of the employees were found that
working condition in bank is good only 1% of the employees were found working condition in
bank is excellent. This has been represented in the form of a graph.
From the result it was analysed that the working condition was not good in any of bank.
However, the employees of ICICI bank were more satisfied from the services compared to PNB
employees.
Table 3.03: Relation with my colleagues

Relation with colleagues

ICICI Bank

PNB Bank

Dissatisfaction

35%

24%

satisfaction

49%

34%
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Good

14%

17%

Excellent

2%

25%

Relation with colleagues ICICI Bank
Dissatisfaction

satisfaction

Good

Excellent

49%
14%

16%

2%

35%

Figure 3.5: Relation with my colleagues ICICI Bank

Relation with colleagues PNB Bank
Dissatisfaction

satisfaction

Good

Excellent

17%

34%
42%

25%
24%

Figure 3.6:Relation with my Colleagues in PNB Bank

Interpretation:
ICICI Bank: - The above table indicates that 35% of the employees were unsatisfactory and 49%
employees were satisfactory and 14% of the employees good and 2% of the employees were
excellent. This has been represented in the form of a graph.
PNB Bank: - The above table indicates that 24% of the employees were unsatisfactory and 34%
employees were satisfactory and 17% of the employees good and 25% of the employees were
excellent. This has been represented in the form of a graph.
Table 3.04: The timing of my work
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Work time

ICICI

PNB

Unsatisfactory

13%

13%

Satisfactory

52%

52%

Good

33%

33%

Excellent

2%

2%

Work time at ICICI Bank
Unsatisfactory

Satisfactory

Good

Excellent

52%
33%

35%

2%

13%
Figure 3.7: The timing of my work

Work time at PNB Bank
Unsatisfactory

Satisfactory

Good

Excellent

52%
35%
13%

33%
2%

Figure 3.8: The timing of my work

Interpretation:
ICICI Bank: - The above table indicates that 13% of the employees were unsatisfactory and 52%
employees were satisfactory and 33% of the employees good and 2% of the employees were
excellent. This has been represented in the form of a graph.
PNB Bank: - The above table indicates that 13% of the employees were unsatisfactory and 52%
employees were satisfactory and 33% of the employees good and 2% of the employees were
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excellent. This has been represented in the form of a graph.
Table 3.05: Salary compared with people in the companies

Salary compare

ICICI

PNB

Unsatisfactory

33%

22%

Satisfactory

24%

20%

Good

41%

15%

Excellent

2%

43%

Salary compared with people in the companies
in ICICI Bank
Unsatisfactory

Satisfactory

Good

Excellent

24%
41%

43%
33%

2%

Figure 3.9: Salary compared with people in the companies in ICICI Bank

Salary compared with people in the companies
in PNB Bank
Unsatisfactory

Satisfactory

Good

Excellent

15%

20%
58%
22%

43%

Figure 3.10: Salary compared with people in the companies in PNB Bank
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Interpretation:
ICICI Bank: - The above table indicates that 33% of the employees were unsatisfactory and 24%
employees were satisfactory and 41% of the employees good and 2% of the employees were
excellent. This has been represented in the form of a graph.
PNB Bank: - The above table indicates that 22% of the employees were unsatisfactory and 20%
employees were satisfactory and 15% of the employees good and 43% of the employees were
excellent. This has been represented in the form of a graph.
Table 3.06: Morale among employees

Opinion the morale among employee

ICICI Bank

PNB Bank

Unsatisfactory

35%

5%

Satisfactory

42%

47%

Good

21%

23%

Excellent

2%

25%

Opinion the morale among employee in ICICI Bank
Unsatisfactory

Satisfactory

Good

Excellent

42%
23%
35%

21%

2%

Figure 3.11: Morale among employees in ICICI Bank
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Opinion the morale among employee in PNB Bank
Unsatisfactory

Satisfactory

Good

Excellent

23%
47%
48%
25%

5%
Figure 3.12: Morale among employee in PNB Bank

Interpretation:
ICICI Bank: - The above table indicates that 35% of the employees were unsatisfactory and 42%
employees were satisfactory and 21% of the employees good and 2% of the employees were
excellent. This has been represented in the form of a graph.
PNB Bank: - The above table indicates that 5% of the employees were unsatisfactory and 47%
employees were satisfactory and 23% of the employees good and 25% of the employees were
excellent. This has been represented in the form of a graph.
Table 3.07: Job security in Banks

Job security

ICICI Bank

PNB Bank

Unsatisfactory

63%

14%

Satisfactory

20%

47%

Good

9%

23%

Excellent

8%

16%
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Job security in ICICI Bank
Unsatisfactory

Satisfactory

Good

Excellent

20%
9%
17%
8%

63%

Figure 3.13: Job security in ICICI Bank

Job security in PNB Bank
Unsatisfactory

Satisfactory

Good

Excellent

47%

23%
39%
16%
14%

Figure 3.14: Job security in PNB Bank

Interpretation:
ICICI Bank: - The above table indicates that 63% of the employees were unsatisfactory and 20%
employees were satisfactory and 9% of the employees good and 8% of the employees were
excellent. This has been represented in the form of a graph.
PNB Bank: - The above table indicates that 14% of the employees were unsatisfactory and 47%
employees were satisfactory and 23% of the employees good and 16% of the employees were
excellent. This has been represented in the form of a graph.
Table 3.08: Supervisor, administers rules and discipline consistently

Degree to which supervisor

ICICI Bank

PNB Bank
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Unsatisfactory

52%

52%

satisfaction

13%

13%

Good

33%

33%

Excellent

2%

2%

Degree to which supervisor, administers rules
consistently ICICI Bank
Unsatisfactory

satisfaction

Good

Excellent

13%

33%

35%
52%

2%

Figure 3.15: Supervisor administers rules and discipline consistently in ICICI Bank

Degree to which supervisor, administers rules
consistently PNB Bank
Unsatisfactory

satisfaction

Good

Excellent

13%

35%

33%

52%
2%

Figure 3.16: Supervisor administers rules and discipline consistently in PNB Bank
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Interpretation:
ICICI Bank: - The above table indicates that 52% of the employees were unsatisfactory and 13%
employees were satisfactory and 33% of the employees good and 2% of the employees were
excellent. This has been represented in the form of a graph.
PNB Bank: - The above table indicates that 52% of the employees were unsatisfactory and 13%
employees were satisfactory and 33% of the employees good and 2% of the employees were
excellent. This has been represented in the form of a graph.
Table 3.09: Freedom to share feelings and opinion with manager

The freedom to share feeling

ICICI Bank

PNB Bank

Unsatisfactory

21%

7%

Satisfactory

49%

13%

Good

28%

28%

Excellent

21%

52%

The freedom to share feeling in ICICI Bank
Unsatisfactory

Satisfactory

41%

Good

Excellent

23%
41%
18%
18%

Figure 3.17: Freedom to share feeling and opinion with manager in ICICI Bank
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The freedom to share feeling in PNB bank
Unsatisfactory

Satisfactory

Good

Excellent

28%
13%

80%
52%

7%

Figure 3.18: Freedom to share feeling and opinion with manager in PNB Bank

Interpretation:
ICICI Bank: - The above table indicates that 12% of the employees were unsatisfactory and 49%
employees were satisfactory and 28% of the employees good and 21% of the employees were
excellent. This has been represented in the form of a graph.
PNB Bank: - The above table indicates that 7% of the employees were unsatisfactory and 13%
employees were satisfactory and 28% of the employees good and 52% of the employees were
excellent. This has been represented in the form of a graph.
Table 3.10: Supervisors’ deal fairly without showing favoritism

The way supervisors’ deal

ICICI Bank

PNB Bank

Unsatisfactory

13%

13%

Satisfactory

24%

24%

Good

17%

17%

Excellent

46%

46%
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The way supervisors’ deal in ICICI Bank
Unsatisfactory

Satisfactory

Good

Excellent

17%
24%
63%
46%
13%

Figure 3.19: Supervisor’s deals fairly without showing favouritism in ICICI Bank

The way supervisors’ deal in PNB Bank
Unsatisfactory

Satisfactory

Good

Excellent

17%
24%
63%
46%
13%

Figure 3.20: Supervisor’s deals fairly without showing favouritism in PNB Bank

Interpretation:
ICICI Bank: - The above table indicates that 13% of the employees were unsatisfactory and 24%
employees were satisfactory and 17% of the employees good and 46% of the employees were
excellent. This has been represented in the form of a graph.
PNB Bank: - The above table indicates that 13% of the employees were unsatisfactory and 24%
employees were satisfactory and 17% of the employees good and 46% of the employees were
excellent. This has been represented in the form of a graph.
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Table 3.11: Amount of incentive given to employee by bank

The amount of incentive

ICICI Bank

PNB Bank

Unsatisfactory

7%

7%

Satisfactory

42%

42%

Good

37%

37%

Excellent

14%

14%

The amount of incentive ICICI Bank
Unsatisfactory

Satisfactory

Good

Excellent

37%

42%
51%

14%
7%

Figure 3.21: Amount of incentive given to employee by company in ICICI Bank

The amount of incentive PNB Bank
Unsatisfactory

Satisfactory

Good

Excellent

37%

42%
51%

14%
7%

Figure 3.22: Amount of incentive given to employee by company in PNB Bank
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Interpretation:
ICICI Bank: - The above table indicates that 7% of the employees were unsatisfactory and 42%
employees were satisfactory and 37% of the employees good and 14% of the employees were
excellent. This has been represented in the form of a graph.
PNB Bank: - The above table indicates that 7% of the employees were unsatisfactory and 42%
employees were satisfactory and 37% of the employees good and 14% of the employees were
excellent. This has been represented in the form of a graph.
Table 3.12: Annual increment in ICICI Bank and PNB Bank

The annual increment which company gives

ICICI Bank

PNB Bank

Unsatisfactory

20%

20%

Satisfactory

23%

23%

good

25%

25%

Excellent

32%

32%

The annual increment which company gives ICICI
Bank
Unsatisfactory

Satisfactory

good

Excellent

25%

23%
57%
20%

32%

Figure 3.23: Annual increment in ICICI Bank
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The annual increment which company gives
PNB Bank
Unsatisfactory

Satisfactory

good

Excellent

25%

23%
57%

32%

20%

Figure 3.24: Annual increment in PNB Bank

Interpretation:
ICICI Bank: - The above table indicates that 20% of the employees were unsatisfactory and 23%
employees were satisfactory and 25% of the employees good and 32% of the employees were
excellent. This has been represented in the form of a graph.
PNB Bank: - The above table indicates that 20% of the employees were unsatisfactory and 23%
employees were satisfactory and 25% of the employees good and 32% of the employees were
excellent. This has been represented in the form of a graph.
Table 3.13: Manager’s willingness to listen and assist to employees
My manager willing to listen problems

ICICI Bank

PNB Bank

Dissatisfaction

32%

10%

Satisfaction

45%

50%

Good

22%

15%

Excellent

1%

25%
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My manager willing to listen problems ICICI
Bank
Dissatisfaction

Satisfaction

Good

Excellent

45%
22%

23%

1%

32%

Figure 3.25: Manager’s willingness to listen and assist to employees of ICICI Bank

My manager willing to listen problems PNB Bank
Dissatisfaction

Satisfaction

Good

Excellent

15%
50%

40%
25%
10%

Figure 3.26: Manager’s willingness to listen and assist to employees of PNB Bank

Interpretation:
ICICI Bank: - The above table indicates that 32% of the employees were unsatisfactory and 45%
employees were satisfactory and 22% of the employees good and 1% of the employees were
excellent. This has been represented in the form of a graph.
PNB Bank: - The above table indicates that 10% of the employees were unsatisfactory and 50%
employees were satisfactory and 15% of the employees good and 25% of the employees were
excellent. This has been represented in the form of a graph.
Table 3.14: Chances of promotion
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The chances of promotions

ICICI Bank

PNB Bank

Unsatisfactory

32%

32%

Satisfactory

26%

28%

Good

40%

18%

Excellent

2%

22%

The chances of promotions in ICICI Bank
Unsatisfactory

Satisfactory

Good

Excellent

26%
40%

42%
32%

2%

Figure 3.27: Chances of promotion in ICICI Bank

The chances of promotion in PNB Bank
Unsatisfactory

Satisfactory

Good

Excellent

28%
18%
40%
22%
32%

Figure 3.28: Chances of promotion in PNB Bank

Interpretation:
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ICICI Bank: - The above table indicates that 32% of the employees were unsatisfactory and 26%
employees were satisfactory and 40% of the employees good and 2% of the employees were
excellent. This has been represented in the form of a graph.
PNB Bank: - The above table indicates that 32% of the employees were unsatisfactory and 28%
employees were satisfactory and 18% of the employees good and 22% of the employees were
excellent. This has been represented in the form of a graph.
Conclusions
After doing the research on the two India’s among biggest banks number of findings has been
concluded.


Efforts should be made on the part of employee. So that they can identify with
objectives of organization. Degree of motivation should be increased. Implementation of
changes and innovations should be properly done.



More opportunities should be provided to increase scope of job. i.e., worker should be
given chance to 'Man' his own job. There should be proper adoption and maintenance of
well-planned and effective communication system throughout the organization at all
levels. Answers ideas of suggestion should be properly listened and should be given
proper consideration.



The house organist i.e. magazines should contain columns for suggestion from workers.
More non-monetary and modelers awareness should be given to employees. Employees
should be given more participation in Decision Making.



Scope provided by job to achieve aspirations and ambitions should be more.



More flexibility and freedom should be there in job. In ICICI, the working hours should
be less.
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Prediction of machined surface temperature of Inconel 718 based on
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Abstract .This study presents Arbitrary Lagrangian-Eulerian (ALE) simulation to assess the
effects of the cutting parameters (P) i.e. cutting speed (v), feed rate (f), and depth of cut (d) on
the machined surface temperature distribution in turning operation of Inconel 718 alloy. Models
of the 3D FE are constructed based on Taguchi L9 design. Analysis of Variance (ANOVA) is
performed to understand the influence of P on the workpiece temperatures. Comparison between
the simulation and previous experimental results is made to validate the simulation results. The
results show that temperature increases significantly with increase in v. The optimization of the
P for better cutting performance is obtained.
Keywords: Optimization, Turning, Inconel 718, ALE, simulation, Temperature
1.Introduction
Inconel 718 alloy possesses high specific strength at elevated temperature, high corrosion resistance, and
high resistance to oxidation due to which it is commonly employed in the aerospace components, gas
turbine blades and nuclear plants, gas turbine components, space vehicles, marine that are subjected to
relatively high temperature and stresses during operation [1,2]. Many researchers are working to
understand the relation between P and temperature distribution in cutting processes. High friction along
the tool-chip edge and high plastic deformation in the workpiece are generated during turning operation
which leads to generation of high temperatures. Measurement of cutting temperature and its analysis is
very important in metal machining. High plastic deformation in shearing zones and the produced friction
alongside the tool-chip interface are the two main heat sources in turning process. Estimating the cutting
temperature is considered to be an important factor in studying metal cutting as high temperatures in
workpiece material could result in dimensional imprecision related to the machined component and might
spoil characteristics of the component via corrosion and oxidation. Also the heat generated causes residual
stresses in various part of workpiece [5, 10]. The control of the workpiece temperature during machining
is beneficial but it is a complex phenomenon and therefore, it needs more consideration. Claudia H et al.
(2012) predicted the cutting temperature using simulation of 2D FE of orthogonal cutting and compared
the results with the experimental machining results of AISI 5135 steel using CNMA120408 ceramic tools.
They revealed that estimation of the P at the tool, chip and workpiece interface using FEM turning
simulation is possible and easier than measuring them experimentally [3]. P. S. Sivasakthivel and R.
Sudhakaran (2013) concentrated their study on the effect of machining parameters i.e. speed of spindle,
helix angle of cutter,”d, and “f on generated temperature of Aluminum 6063 using response surface
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methodology. The gained optimal value of the temperature at selected parameters was 0.173 °C [4].
Sulaiman S. et al (2013) studied the distribution of cutting temperature during machining of steel alloy
(AISI 4340) at high speed using FEM based on the ABAQUS/explicit. They found that optimum value of
rake angle had negative influence where it led to an increase in the cutting temperature [5]. Fuat Kara et
al. (2014) estimated the cutting temperatures induced in turning of AISI 316L stainless steel. Turning
process was implemented using two types of inserts (uncoated cemented carbide and coated with
TiCN+Al2O3+TiN+ Al2O3. The obtained results showed that the coated insert with Al2O3 generated
higher temperature as compared to other tools[6]. Satish Chinchanikara and S.K. Choudhury (2014) used
different types of cutting tools i.e. PVD with “TiAlN and CVD with multi-layer coated TiCN/Al2O3/TiN
to investigate the effect of P on cutting temperature during turning of hardened steel. Their results showed
that that cutting temperature was higher and it was affected by cutting speed and feed while machining
with CVD-coated multi-layer insert as compared to TiAlN single layer insert [7]. Suha K. Shihab. et al
(2014) investigated the effect of P on the cutting temperature during hard turning of AISI 52100 alloy
steel with multilayer coated carbide . RSM was used to determine optimum values of P. Their results
showed that cutting temperature was highly sensitive to v [8]. Kumar B. V. R. M. et al. (2016) developed
the FEM model using ABAQUS/Explicit to investigate temperature distribution in turning of AISI 4340
steel using coated cutting tool. Their results revealed that v had significant effect on heat generation [9].
Asit Kumar Parida and Kalipada Maity(2016) studied the effect of different nose radius on forces using
FE modeling in hot turning of Inconel 718. They concluded that heat generation increased the cutting
temperature which reduced cutting forces and flow stresses in the hot machining compared to machining
at room temperature. Also an increase in the chip-tool contact resulted in increase in the workpiece
temperature [10]. Bandal O. N. et al (2016) investigated the cutting temperature during”hard turning of
AISI 4340 steel. Their result indicated that cutting temperature increased with increase in v [11]. Mehul
Gosai(2016) predicted the cutting temperature in round bar of EN36 hardened steel during turning
process using coated carbide insert. They used CCD based RSM design to perform experimentation and
the results were evaluated and optimization was executed for chosen P[12]. Ahmadreza Hosseini. et al
(2016) studied the influence of pCBN cutting tool and coated carbide cutting tool on the tool tip
temperature. They used spray of of compressed air during turning of Inconel 718 .They found that cutting
temperature was less during turning with pCBN tool [13]. Ali Davoudinejad .et al (2017) performed FE
modeling with three dimension for the machining of Al6082-T6 at different cutting conditions to obtain
temperature distribution. They observed higher temperatures at higher f[14]. Jose Diaz-Alvarez et al.
(2017) predicted the temperature during machining of Ni-based superalloys. Their result showed that the
cutting temperatures slightly decreased with increase in v for a given value of f equal to 0.08 and 0.1 mm
/rev. In addition, increase in f led to a decrement in the induced temperatures [15]. Zainal .S Ariffin(2018)
obtained the optimum P with coolant methods condition to optimize temperature during the machining
A319 Aluminium alloy. They selected v, f, coolant methods condition and d as P and used RSM design to
conduct experiments. Their results showed that temperature was the dominant factor which led to the
failure of the tool[16]. Experimental techniques for temperature measurement require efforts and are still
not quite accurate. Therefore, numerical executions for temperature estimation in cutting process have
been developed. FEM is one of the numerical methods which has been utilized in this paper for machining
simulation to predict cutting temperature. In this study, 3D simulation was conducted using ALE by
Abaqus software for proving better understanding of temperature distribution on the machined surface
during turning.
3. Finite Element Modeling of Turning Process
The finite element analysis could offer wide range and sometimes complementary method to
analytical, mechanistic and experimental methods for studying the process of turning. This approach is
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considered as a numerical approach to solve engineering problems and it is a tool to solve particle
problems. Typical problems of interest in machining processes including temperature distribution on the
machined surface can be solved using finite element method and better understanding can be developed.
Also, this approach offers systematic method to estimate force, temperature, deformation and motion. In
this study, 3D finite element method based on ALE simulation of turning process was conducted
according to the selected levels of P which are shown in Table 1. The nine models were run on the basis
of Taguchi L9 design to evaluate the effect of P on the machined surface temperature as shown in Table2 .
The 3D finite element simulation was performed using software (ABAQUS/Eplicit,V6.13) because
explicit formulation is a nonlinear analysis and it is used for solving a series of simultaneous equations for
each time increment so as to acquire the solution for complex models. Then, analysis based on the
Taguchi design is performed by utilizing the Minitab software to estimate the significant factors of the
turning parameters on the distribution of temperature that generated on the machined surface.

Symbol
v
f
d
Run.
no
1
2
3
4
5
6
7
8
9

Table 1: P and its levels used in FE simulation
“Cutting parameter”
Unit
Level 1
Level 2
“Cutting speed”
m/min
60
80
“Feed rate"
mm/rev
0.05
0.15
“Depth of cut”
mm
0.2
0.25

Level 3
100
0.25
0.3

Table 2: Used values of P for the FE models based on Taguchi L9 design
v (m/min)
f (mm/rev)
d (mm)
60
0.05
0.2
60
0.15
0.25
60
0.25
0.3
80
0.05
0.3
80
0.15
0.2
80
0.25
0.25
100
0.05
0.25
100
0.15
0.3
100
0.25
0.2

3.1 Tool Modelling
Tool geometry has high impact on surface characteristics of the machined work piece. Therefore,
considering the tool geometry is highly significant in the modeling. In this work, the cutting tool was
considered as a rigid body with reference point and constant nose radius (1.2mm). The considered cutting
tool was PVD coated carbide tool. Table 3 shows the geometric variables of the cutting tool that were used
in the modeling. Thermal and mechanical properties of the cutting tool are given in Table 4. Hex- element
shape was used for mesh of cutting tool. Finite element mesh of tool was modelled using 45 elements
approximate with global size of 8µm. The distribution of mesh on nose radius of the tool was finer to
make the curve of the nose radius smoother and more accurate. In addition, the mesh density on the
cutting plane was extremely acceptable for increasing the exactness of results in the zone. Element type,
CED8R was used with 8 nodes, linear brick. The options of reduce integration and hourglass control were
used in the modelling of cutting tool.
Table 3: Geometric variables of the insert

Nose radius (mm)
1.2

Type of coating Rake Angle, α
PVD

7°
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Table 4: Thermal and mechanical properties of insert [19,20,21]
Unit
Property
Value
GPa
Elastic Modulus, E
800
Poisson’s Ratio
0.2
o
mm/mm
C
Thermal Expansion
4.7x10−6
W/mºC
Thermal Conductivity
47
Density
15000
kg/m3
Specific heat
J/kg
203
3.2. Workpiece Modelling
Inconel 718 was used as a workpiece material in this study. Table 5 and Table 6 show the
chemical composition and the mechanical Properties of the workpiece material at room temperature
respectively [4]. Table 7 lists the physical and thermal properties of the workpiece material. The
workpiece geometry (6mm long and 2mm wide) was modeled in the simulation.
Table 5: Chemical composition of 1nconel718 alloys
sample
C
S
P
AL
Cu
Co
Fe
Mn
%
0.034
0.011
0.007
0.497
0.033
0.159
17.22
0.093
sample
Cr
V
Ti
Mo
Nb
W
Si
Ni
%
17.38
0.092
0.885
2.86
5.57
0.065
0.177
53.446
Table 6: Mechanical properties of 1nconel718 alloys at room temperature(17,18).
Alloy
Yield strength (MPa) Ultimate stress (MPa) Elongation %
Young modulus (GPa)
Inconel 718 1100
1375
25
200
Table 7: Physical and Thermal Properties of Inconel 718 [19,20,21]
Property
Unit
Value
“Ultimate strength”
MPa
1435
“Yield strength
”MPa
1185
“Elastic “ modulus”
GPa
200
o
Specific heat capacity
J/ C
430
(J/Kg.℃)
Thermal conductivity
18
W/m.℃
Coefficient of thermal expansion
14.4x10-6
℃
“Melting point range “
°C
“1260-1335’
3
“Density
Kg/m
8220
Material Disruption of the finite element mesh is necessary for modelling chip formation,
therefore besides the material model, the Johnson-Cook damage model was also applied in finite element
simulation. This is a fracture model for ductile materials and consists of two phases, a damage initiation
and a damage evolution phases. The Johnson-Cook damage model assumed is given in eq. (1) and Table 8
presents the Johnson-cook material model (JC) constants of Inconel 718. The value of coefficient’s
friction between the insert and workpiece was used as (µ=0.3) coulomb friction model selected in all
simulation runs.
𝜀°
𝜀°

𝑇−𝑇°
)𝑚)
𝑇𝑚−𝑇°

𝜎=]A+B𝜀 𝑛 []1+c Ln. °[] 1-(
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(1)

where: σ−-:flow stress. A: Yield stress constant. B : coefficient of Strain hardening, C :Strain rate dependence
coefficient n :Strain hardening exponent, ε̇ : True strain rate., ε̇⁰ : Reference true strain. , m: Temperature
dependence coefficient ,T :Temperature, Tm: Melting temperature, Tr: Room temperature.
Table 8: Constants of model of JC for Inconel 718 [19,20,21]
“A (MPa)” “B (MPa)” C
n
m
“Tr ( ̊C )” “Tm (̊ C)”
1241
622
0.017 0.65
1.3
20
1297
3.3. Boundary Conditions and Meshing
Appropriate boundary conditions were applied to restrict the motion of the bottom faces of the
workpiece. Additionally, the cutting tool was constrained to travel only in the positive direction of x axis.
The boundary conditions were renewed for each run of nine models that were used during the simulation
of turning processes. In addition, the element type that was used for the workpiece was C3D8RT.This type
of element has 8 nodes hexahedron temperature displacement coupled. Reduced integration was used to
reduce the running time. ALE adaptive meshing combined with pure Langrangian boundary condition was
applied to mesh the workpiece. The workpiece was meshed with 4500 elements and the element number
was changed due to the difference in the values of P that were used in nine models. The size of element
was 0.02µm.The workpiece was divided into many portions to reduce running time. Figure.1 represents
the boundary conditions and meshing for the ALE model.

Figure1: Boundary conditions and meshing for the ALE model
4. Results and discussion
4.1 Validation results of Modeling
It is significant to obtain the validation of the model results that can be employed to predict
convinced results for this research. The modeling of machined temperature distribution was validated by
comparing the results with those reported in study of [10]. Figure 2 shows the machined surface
temperature distribution results obtained from both the previous and present study using same materials
properties and cutting parameters that have been used in the literature [ 10]. A close agreement in the
results can be observed as the average difference was found to be 10%.
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Figure 2: Simulation results of temperature distributions (a) as reported in [10] (b) as obtained in the
present study

4.2. Obtaining machine surface temperature
3D simulation was conducted using ALE by Abaqus software for providing better understanding of
temperature distribution on the machined surface during turning of Inconel 718 alloy. Figure 3 (a) reveals
the details of predicted temperature distribution in the deformed chip and workpiece for the run number 1.
It can be observed from Figure 3(a) that the maximum value of cutting temperature is in the chip
deformation zone and this is due to conversion of the mechanical energy into heat which tends to increase
the temperature at the chip deformation zone to a high value. Figure 3 (b) demonstrates the temperature
distribution for the run number 1 i.e. v=60 m/min, f=0.05 mm/rev, d=0.2 mm from lowest side to chip
formation side.

Figure 3: (a) 3D simulation results using ALE for machined surface temperature, (b) Temperature
distribution in the machined surface for run no1.
The controlled machining parameters and simulated results for the machined surface temperature are
shown in Table 9 for all nine runs. The simulation results were analyzed using Taguchi method with to
estimate the effect of P on the machined surface temperature. Signal-to-noise (S/N) was calculated which
are listed in Table 9. The objective was to minimize the machined surface temperature. Therefore, smaller
the better criterion was selected to determine the S/N ratio.
Table 9: Machined surface temperature and S/N ratio for cutting parameters.
Runs
v(m/min) f(mm/rev) d (mm) T (c̊)
S/N Ratio
1
60
0.05
0.2
566
-54.7439
2
60
0.15
0.25
616
-55.7916
3
60
0.25
0.3
723
-56.9144
4
80
0.05
0.3
572
-56.6757
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5
6
7
8
9

80
80
100
100
100

0.15
0.25
0.05
0.15
0.25

0.2
0.25
0.25
0.3
0.2

687
724
585
660
738

-56.8647
-57.1225
-56.8397
-57.4780
-57.2426

Normal probability plot shown in Figure 4(a) was obtained to ensure that the data was normally
distributed. It can be seen from Figure 4(a) that the data points lie on the line or are close to line which
validates the normality distribution assumption of S/N ratio of the simulated results. It can be observed
that all values of temperature are within rational boundary. Figure 4(b) shows the main effect plot for S/N
ratio of the temperature. Based on the results observed in Figure 4(b), the optimal machining parameters
that produce minimum value of surface temperature are A1B1 C1 i.e. v = 60m/min, f = 0.05 mm/rev, and d
= 0.2 mm.. This is due to the reason that rise in v leads to augmentation in the machined surface
temperature in the primary deformation zone and softens the material. Furthermore, increasing the f causes
increase in the thickness of uncut layer and more heat is generated which results in the rise of surface
temperature as it has been reported and investigated by other researchers[3,5,15].

Figure 4: (a) Normal probability plot for machined surface temperature, (b) Main effect plot for S/N ratio
of the machined surface temperature
The mean S/N ratio at each level of cutting parameters was computed by taking arithmetic mean average
of S/N ratio at the choice level. Table 10 shows the mean S/N ratio for all nine experiments. Table 11
illustrates the ANOVA results for temperature and the contribution of each machining parameters. It is
clear from the results of Table 11 that v is principal factor affecting machining temperature as its
contribution is 50% and P-value is less than 0.05.The second factor affecting temperature is f since its
contribution is 27%. The depth of cut has least effect on temperature as its contribution is 14%. Figure 5
shows the comparison between the simulations and predicted results of machined surface temperatures
which were obtained from regression equation 2. It can be observed from Figure 5 that the predicted and
simulation results are very close to each other and this refers that there is a very good relation between
predicted and simulation results.
T = 286.6 + 2.567 v + 373.3 f + 533 d
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(2)

Table 10: Response table for machined surface temperature
Cutting
Level1
Level2
Level3
Max-Min
Rank
v
621
699
723.7
102.7
1
parameters
f
641
687
715.7
74.7
2
d
657
676.3
710.3
53.3
3

Factors
v
f
d
Error
Total

Table 11. ANOVA result for machined surface temperature.
Contribution %
SS
DF
MS
F
P
(P)
15811
1
15811
26.98 0.003
50%
8363
1
8363
14.27 0.013
27%
0.043
4267
1
4267
7.28
14%
2930
5
585.9
9%
31371
8
100%

Figure 5: Simulated and predicted values of temperature.
5.Conclusions:
From the present study, following conclusions are deduced:
 Use of 3D finite element method based on Arbitrary Lagrangian-Eulerian ALE simulation for
turning process with continuous chip formation is not widely considered in the previous studies
although it is a useful method to predict the machined surface temperature distribution.
 The results of the machined surface temperature distribution produced by simulation are in close
agreement with those reported in the literature.
 Taguchi Method is found to be efficient to analyse the results and to obtain the optimum turning
parameters for machining Inconel 718.
 The cutting speed is the most dominating factor to affect surface machined temperature.
 The optimal combination of controllable machining parameters is A1B1C1 (v= 60m/min, f= 0.05
mm/rev and d= 0.2 mm) that produces optimum value of machined surface temperature.
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Abstract
The management of construction projects are more often than not linked with poor performance.
One of the main solutions identified to enhance project performance is knowledge management
(KM). Today's construction organizations consider KM not only as a key success facture for
enhancing project performance, but also for innovation. This paper distinguishes between
product oriented knowledge and project management process knowledge. In this study it
reviews techniques that have been identified as tools to learn from past projects, investigate their
advantages and disadvantages, and proposes a concept for capturing and reusing project lessons
learned from the pre-construction phase based on the project management processes related to
project review.
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Introduction
Projects are always restricted by time, cost and quality. Therefore, it is necessary to capture the
knowledge in a project to reuse it in the future projects. Failure to reuse knowledge or capture
existing experiences and solutions may lead to having to deal with every problem in a project
from scratch. This in turn could cause a deviation deviate from project specifications. How much
knowledge needs to be captured from a project will depend on the amount of knowledge that can
be used in other projects. Nonetheless, "it is often argued that the processes involved in
delivering the final outcome are similar even though a project is unique" [1]. This situation has
led many construction organizations (e.g. Arup, Edward cullinan architects, WSB group,
Penoyre & Prasad) to establish a strategy for managing their knowledge. Simultaneously many
authors in the field have considered KM in their studies. Two streams can be found in the
literature. On the one hand studies have been carried out to emphasis the importance of KM.
such studies play a main role in contributing to raising the awareness of KM benefits, then
motivating project-based organizations to adapt KM in their practices. On the other hand,
different approaches have been developed to put KM into practice. While much attention has
been paid to the implementation of KM in project-based organizations, little effort has been
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made to address the management of knowledge in the projects themselves. Some of these small
scale studies dealt with project reviews as one of knowledge capturing methods. However, many
studies have indicated that the current practices in relation to project review are poor and involve
shortcomings. It was found that no study took a place to tackle this issue and therefore establish a
solution. The methods of project knowledge capturing offered can be classified in terms of the
timing when they are conducted into three types; (i) post project-based (ii) stage-based, and (iii)
activity-based. Post project-based method (e.g. post project review and post implementation
review) is very effective in capturing knowledge as it represents the experiences and lessons
learned from wide picture. In addition, it gives a good opportunity for reviewers to judge project
performance after a product (e.g. building) has been delivered and occupied. The use of lessons
learned based on the past project review results was found to be effective [2]. However, due to
the review time conducting (usually two years after the project) a huge amount of project
knowledge would possibly lost [3]. In addition, related people would have moved to other
projects [4].
The stage-based method partly overcomes the problems related to the absence of relevant people.
Yet in practice some parties (whose participation in the capturing processes is important)
involved in a part of a phase and then leave the project. Moreover, the time between the start and
completion of a stage might be so long to the extent that part of the knowledge would be lost,
particularly in complex projects where large amount of learning events can occur.
Quite a few attempts have been made to overcome these problems. Tserng and Lin [5] developed
an activity-based KM system for contractors during construction phase and Kamara, et al. [6]
built up a conceptual framework for live capture and reuse of project knowledge. It is asserted
that these concepts can solve all identified problems as long as both of them are based on
capturing knowledge instantly after the learning event occurs or after every activity in a project.
However if visualizing how many activities or how many potential learning events there are in a
construction project, then there would be a very large number of activities and more of learning
events. Applying any of the above approaches maybe very demanding, and might have an impact
on the projects activities. In the case of capturing knowledge after every activity there might be
an assigned time for capturing knowledge as a project's activities are supposed to be known in
the project schedule; however the authors of this approach did not consider how it would be
guaranteed that the activities participants will contribute in capturing knowledge. Conversely, [6]
identified a project knowledge file should be set up which is agreed on at the onset of a project
and all parties are required to contribute to its compilation. Nonetheless, it is difficult (if not
impossible) to know when and where all the learning events will occur. Accordingly, there will
be no assigned time for capturing knowledge and that will lead us to say again capturing
knowledge via this framework will have negative impacts on project activities.
Beside what has been mentioned above, the project review is commonly conducted as check list
[7,8]. That in turns limits the amount of the knowledge to be captured to the elements identified
in the check list. In addition, the final format maybe constructed in a way that makes it difficult
to reuse the knowledge captured in future projects. Yet, it is widely known in practice that
project reviews should be carried out by an external party [7,8,9] who is not involved in the
project. The external party may not realize the knowledge obtained from the project as much as
people who have participated in the project. To make it clear; why has it been very difficult for
other vehicle companies to copy the Toyota Production System (TPS), despite that Toyota
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produced books explained in detailed the process of production in addition to giving tours of its
manufacturing facilities? Because "the TPS techniques that visitors see on their tours - the
kanban cards, andon cords, and quality circles – represent the surface of TPS but not its soul"
[10]. Therefore, no one can express the know-how as people were in involved in the project
processes.
Finally and most importantly, some studies have considered either the knowledge of particular
construction phases or the knowledge of the overall project. The focus in both cases were either
on the product oriented knowledge [11,12,13,14] or the project knowledge in general.
Nevertheless, no study was carried out to particularly tackle the knowledge of project
management.
In order to address these problems, it was decided to firstly review the current practices of the
project reviews, then overview the construction project phases, construction project management
processes and how they are linked. Finally, present the proposed approach for capturing and
retrieving project knowledge.

Project and Knowledge Management
Knowledge management has been one of the most hyped phrases over the first years of the
twenty-first century [15]. Many in KM prefer to avoid defining it as does not express what the
real work of KM [16]. However, simply KM can be defined as "organising to know and to learn”
[17]. Knowledge can be explicit or tacit, while explicit knowledge is easy to capture, tacit
knowledge is not. Many authors [18,19,20] estimate that 80 percent of the important knowledge
is tacit knowledge. KM refers to the processes of creating, capturing and disseminating explicit
and tacit knowledge. The aims of KM are to support decision making, enhance productivity and
promote innovation. As expressed by Drucker [21] "knowledge is the only meaningful resource
today; the traditional 'factors of production' have not disappeared, but they have become
secondary". To put it more simply, knowledge has become vital factor of production. Capturing
project knowledge in order to reuse it in future projects is essential particularly in valuable
projects such as construction projects, where some problems may lead to far above the estimated
cost. The successful management of construction project knowledge (like KM in general)
depends on the knowledge to be managed (content) and the context (organization) in which it is
managed [6]. However, management of knowledge in construction project environment faces
many challenges. Project reviews supposed to be scheduled, planned and designed. It should
follow a structure, with inputs, outputs, and controls [22]. The temporary nature of construction
projects, the disband of project participants after its completion, and the uniqueness and
complexity of the construction projects call for identifying different approaches from the
approaches used in other industries.

Current practice of project debriefing
As a result of the awareness of the importance of past experience, several methods were
identified to capture the project knowledge. These methods can be classified into two main
categories: documentation-based methods and processes-based methods [8]. Each are now
considered in turn.
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Process-based methods
The emphasis of these methods is on the assessment of the project activities. It is conducted after
key stages of the project, then, lessons learned are gathered after the project is completed.
Alternatively it can be carried out only once after the project completion. Process-based methods
deal with the information on what were performed well and what were not in terms of time, cost
and quality.

Post project review (PPR)
PPR (also known as Post Project Appraisal PPA, Project Completion Review PCR, and Project
Post-mortem PPM) takes a place after the completion of the project, usually two years after the
project completion. It involves the contribution of the project team and other parties engaged in
the project such as contractors, suppliers and specialists.
PPR takes the form of Checklist, however in some cases a survey distributed to the project
participants and it is commenced before reviewing the project [23]. The aim is to group together
their evaluations for the aspects they are involved with during the course of the project, and to
facilitate the discussion during the meeting of PPR. The CIOB [24] identified four main elements
that typical a PPR would contain namely; project audit, cost and time study, human resource
aspects, and performance study. It may also consider the lessons learned and documented in a
lesson learned report. This review is carried out by external project review unit [25] or by
project homework group [26].

Project evaluation
Project evaluation can be defined as an ongoing check of how well the project is performing.
These reviews are carried out at gateways and other major decision points [7]. The performance
reflected in the review is based on the project team and the facility been constructed in terms of
the desired benefits. As the PPR the aim of the project evaluation is to collect the knowledge of
the project in order to enhance the performance for the future projects. The method typically
conducted through face to face meetings and codified in the form of report.

Post Implementation Review (PIR)
(Hallows 2001) believed the aim of the post implementation review (PIR) technique is unlike
PPR and project evaluation as it does not intend to identify lessons learned or best practice. The
only reason of conducting the PIR is to assess the quality of the implementation of the project
product. In contrast, other authors such as OGC [7] and Frigenti and Comninos [27] think it is
carried out to identify what lessons can be learned from the project experience in addition to the
measurement of the project quality performance. Nevertheless even though it is possible to
extract reusable knowledge from PIR it would be certainly ineffective (the reasons will be
demonstrated later in this paper) as it is agreed that this review should take place when the
facility has been in use for long enough to determine whether the business benefits have been
achieved or not.
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After-action review (AAR)
This method of capturing knowledge was originally developed as an approach to learning by the
US Army in the 1970s. It was designed to facilitate day-to-day learning from combat training
exercises [28]. AAR is conducted during the course of the project after each decision stage, in a
form of discussion. A facilitator should be assigned to carry out these reviews and all members
of project team should contribute to the discussions. The discussion covers the answers to
questions such as: what was supposed to happen? What actually happened? Why were there
differences? and what can one learn from this experience? The codification of this review is
conducted in the form of flip charts [8].

Documentation-based methods
Unlike the process-based debriefing methods, documentation-based debriefing methods focus on
gathering the insights of the project instead of laying emphases on the project procedures and
processes. Two approaches were identified in literature that can be added under this group.

Micro Articles
The micro article approach aims at writing down insights in a structured text. The scope of a
micro article is usually limited to half a page, yet it can quote other related micro-articles. It is
written down in a format that enables readers who have not been involved in the project to
understand it. The framework of a micro article consists of a topic, an introductory short
description of its contents and a keyword for indexing the article. The main element that
distinguishes micro articles from other debriefing methods is that the project experiences must be
recorded in an authentic, and yet entertaining manner, hence the magazine article style emerges
as one possible format [8].

Learning Histories
Learning histories are written as analytical narratives of past critical events and experiences of
the project. It was originally developed by the Massachusetts Institute of Technology (MIT).
Two columns are presented in this document demonstrated as series of short stories arranged in a
chronological order. In the right hand column a description of key experiences and events that
occurred throughout the course of the project is presented. The left hand column contains the
analysis and commentary that distils the lessons learned [28]. The resulting document can be
anywhere between twenty and one hundred pages following a storytelling approach to make the
recorded experiences more appealing and rich in context. These contents are articulated by
means of gathering the views of involved individuals via direct literal quotations [8]. Learning
histories are quite similar to micro articles in terms of presenting the project knowledge (both use
effective method in converting tacit knowledge to explicit knowledge). Nevertheless, they are
contrasted regarding the content size, since learning histories are heavy-weight whereas micro
article is light-weight.
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Construction project management functionality
This section presents an analysis of construction project phases, construction project
management processes, and the relationship between them. The conceptual approaches presented
in this paper relies on the way that construction management functions.

Project phases
Projects are composed of phases. A project phase is a collection of activities that are carried out
within several processes to create a product (e.g. project plan). These phases differ from project
to project, however a typical construction project consists of eight phases namely:









Feasibility Study
Conceptual Design
Detailed Design
Bidding
Construction
Commissioning
Close-out
Maintenance

Project management processes
Project management is most effective when applied in a consistent and repetitive manner in the
form of a process [27]. These processes are the functional stages inside each phase of the project.
Project management processes are identified by PMI [27] as the initiating processes, planning
processes, executing processes, controlling processes and closing processes. Figure 1 illustrates
the relationship between the processes and phases.
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Fig. 1 The relationship between project management prcesses and project phases PMI 1996

Conceptual Framework
This approach tends to offer a conceptual model for capturing, disseminating and reusing project
knowledge about failures, successes, best practices defined in a project and how they were
addressed. The approach is based on the reviews of construction management processes and the
focus will not be on the product oriented knowledge, alternatively on the construction
management knowledge. The main areas of the knowledge to be capture are:









Scope management
Procurement management
Planning and progress
Time management
Cost management
Quality management
People management
Value and risk management

Most know-what, know-how and experiences of construction project management emerge only
in the minds of individual participants during the pre-construction phase of construction projects.
The emphasis on this phase owing to the significant roles of this phase as it held the key
decisions of the project. The (right or wrong) decisions taken in this phase will have impact on
all subsequent phases.
The processes of the proposed concept make the first move by producing the Project Knowledge
Regulations (PKR). This involves identifying key processes that hold the desired knowledge.
The weight of knowledge in each project management process (inside the phases) would mainly
depend on the type, size of the project and mostly on the procurement method used in a project.
In other words, if a project is procured using PFI, the initiation and planning processes of the
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feasibility study phase may carry the most significant knowledge of the project, and that due to
the high risk involved in such projects. There may be no need to conduct a review after every
process (commonly a project contains forty project management processes) in the project as it is
too much for some projects. However, the relationship between the number of the processes
supposed to be reviewed and the size and complexity of a project is direct. The number of
processes supposed to be reviewed increases if the size and complexity of a project increases and
vice versa. Another role of this stage is identifying the project participants' duties. It involves
assigning a project knowledge manager, identifying the workshop durations and also includes a
declaration that all parties are required to contribute in the project reviews. After the completion
of each process identified in the PKR, process workshop review takes a place (figure 2).
The duration of these workshop reviews will differ according the significance of the process. At
the end of every phase in a project another review should take a place. While the aim of the
process review is to capture knowledge immediately after the process completion in order to
avoid knowledge loss, and to guarantee the contribution of all members involved in a process,
the meaning of conducting post phase review is to evaluate the performance of a stage as the
final product (e.g. bidding document) has been produced, and to review the previous process
reviews in relation to the final product value. In the same way the post project review is
conducted but in relation to the project final product (e.g. building) and phase reviews. After the
completion of any review, this review has to be codified and disseminated via an extranet-based
Content Management System (CMS). The extranet would enable all the project members to
access the project resources. It is an ideal solution for collaborating between separately located
entities such as construction project parties. Running a CMS on an extranet server would
optimize the project knowledge management process as CMS can be a very valuable enabler in
knowledge capture share and store processes. A CMS by itself is not the source of knowledge,
nevertheless, it offers components and modules such as document management, records
management, forums, calendaring system, instant messaging that enable the management of
project knowledge. The processes of this stage is to share the reviews and get feedback from
project participants as they are all supposed to have access to it.
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Fig. 2 Project review based conceptual model for knowledge capture and retrieval
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(b)
Fig. 3 (a) Project e-based taxonomy; (b) Project management process-based taxonomy
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There may be some new experiences that can be added to the review, therefore the review should
be audited and stored in the right place in a project database in order to reuse it again in
subsequent process or in future projects. The database contains past projects files and related
external knowledge recourses. Reviews will be categorized based on the project management
process and saved in the both the taxonomies that were identified as shown in (fig 3a and 3b). A
process-based taxonomy facilitates retrieving the related knowledge fast while working in a
specific process. Figure 4 gives a conceptual image of how it works. The second categorizing
method of project-based taxonomy helps in getting the full picture of the project, its scope its
specifications, and processes knowledge series.

Conclusion
The paper showed that current practices of project reviews involved many problematic issues.
That led to ineffective management of project knowledge, therefore, repeating mistakes in other
projects. A proposed conceptual approach was identified to address these problems. The
approach is based on the reviews of construction management processes and aims to capture and
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retrieve the construction management knowledge with the aid of extranet-based content
management system (CMS). More studies are considered necessary to identify an appropriate
reusable format for the project review, to establish guidelines for conducting project review
workshops and highlight the factors that create the right culture that encourages project
participants to contribute their knowledge using CMS. This will be further investigated in the
next stage of the research project.
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Abstract- Nowadays, more importance is given on the data security for the objective of
protecting the useful and confidential information of the user. The rapid development of
computer network system brings both a great convenience and new security threats for
users. Hence, data integrity plays an important role as it basically ensures the
consistency, protection and accuracy, of data. Encryption and decryption provides
secrecy or confidentiality but not integrity. However, on occasion requirement of
integrity is more rigorous than secrecy. For maintaining integrity of message, hashing is
one of the popular techniques. Hashing is a process of converting a given message into a
hash of shorter length. Various hashing techniques such as MD4, MD5, SHA-1, SHA-2,
and SHA-3 are available in literature. This paper is an effort to study and compare
these hashing techniques. MATLAB is used for implementation of these techniques and
comparison is done on the basis of parameters such as Number of Bits changed (NBC),
hash value for different type of input data, Time Complexity etc. The result shows that
SHA-3 is the best amongst the techniques compared.
Keywords: Data Integrity, Data Security, Hashing, Hash function, Hash value, MD2, MD5,
NBC, SHA-1, SHA-2,SHA-3, Time Complexity.

1. Introduction
In current scenario of the world, the number of internet users is increasing tremendously,
internet has become the primary medium of communication between users these days. Hence,
user’s data attains the highest priority in the field of data communication in the network. To
Sender Side

Receiver Side

Message

Compare
Hashing
Function

Digest

Hashing
Function

Figure 1 Hashing Mechanism

Digest

=?

Integrity
preserved

Integrity not
preserved
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maintain the network usage reliable, data confidentiality, data authentication, nonrepudiation, data integrity is of utmost importance. During the transmission of data from one
device to another in the network, the data is more prone to alterations because of viruses,
hacking, malicious attacks, transfer errors, and other cyber threats. So hashing is an important
technique that is used for secure communication between the devise in the presence of
eavesdroppers in the network. In Hashing, a given message is converted into a digest by
using a hash function. This digest can be used as an index to store the original message,
which falls into the hash table. The digest stored in the hash table where it can be quickly
retrieved by using the hashing function.
Figure 1 shows the Hashing mechanism that is applied to the sender message which results in
message with its hash value. At the receiver side, the message is passed through hash
function to obtain another hash value. Then this hash value is compared with the sender’s
hash value in order to check integrity. If they are equal then the integrity is preserved, if not
then it is not preserved. In hashing, a group of character or key are map into values of certain
length that are useful for Indexing and locating items in database of the device. The main
requirement of an effective hash function is that the probability of "collisions" should be very
limited. Basically a collision occurs when the same hash value is obtained for two or more
unique messages. In other words, no two different messages can hash to the same hash value.
Hashing has a wide range of applications in the construction of message digest, password
verification, digital signature, data structures, etc.
This paper is a survey of various hashing techniques that are compared based on parameters
such as Number of bits Change (NBC), hash value for various inputs, Time Complexity etc.
The rest of the paper is organized as follows: Section II contains the hashing techniques used;
Section III contains the performance metrics; Section IV contains the results; Section V
contains the overall conclusion followed by the references.[6]

2. Literature Survey
2.1 MD4:
MD4 Algorithm: MD4 is a message digest algorithm (the fourth in a series) designed by
Professor Ronald Rivest of MIT in 1990. It implements a cryptographic hash function for use
in message integrity checks. The digest length is 128 bits. MD4 is also used to compute NThash password digests on Microsoft Windows NT, XP and Vista. MD4 was designed to be
fast, which meant taking a few risks regarding security. By 1992 weaknesses had been found
which led Rivest to produce a strengthened, but slower, version known as MD5.
In this four word buffer is initialised as follows:A= 01234567
B= 89ABCDEF
C= FEDCBA89
D= 76543210
F (B,C,D)= BC OR NOT(B) D
F (B,C,D)=BC OR BD OR AD
F (B,C,D)=B XOR C XOR D
ROUND 1:
A = (A+ F (B,C,D) + X(K) + K0)
//(+ means modular 2 addition)
ROUND 2:A= (A + G (B,C,D) + X(K) + K1)
ROUND 3:A= (A + H (B,C,D) + X(K) + K2)
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Figure 2.1 MD4 Algorithm

2.2 MD5:
MD5 Algorithm: MD5 is a widely used cryptographic hash function producing 128-bit hash
value. It was designed by Ronald Rivest in 1991. It is just MD4 with some "safety-belts" but
slower than MD4 still it is more secure. It can be easily cracked by brute force attack hence
security of the MD5 has been severely compromised. In present scenario, it is termed as
"cryptographically broken and unsuitable for further use".[3]
F (B,C,D)= BC OR NOT(B) D
F (B,C,D)=B XOR C XOR D
ROUND 1:
A = (A+ F (B,C,D) + X[K] + K0)
ROUND 2:
A= (A + G (B,C,D) + X[K] + K1)
ROUND 3:
A= (A + H (B,C,D) + X[K] + K2)
ROUND 4:
A = (A + I (B,C,D) + X[K] + K3)

F (B,C,D)=BC OR BD OR AD

//(+ means modular 2 addition)
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Figure 2.2 MD5 Algorithm
2.3 SHA-1:
Secure hash algorithm-1 (SHA-1) is a cryptographic hash functions developed by the United States National Security
Agency and is a U.S. Federal Information Processing Standard published by the United States NIST. It is a part of Digital
signature algorithm. The three SHA algorithms are structured differently and named as SHA-1, SHA-2 and SHA-3. SHA-1
is the most widely used and is employed in several security applications and protocols. SHA-1 produces a 160-bit hash value
known as a message digest. A SHA-1 hash value is typically rendered as a hexadecimal number, 40 digits long, and block
size: 512 bits, word size: 32 bits no of steps=80.[2] SHA forms part of several widely used security applications and
protocols such as TLS and SSL, PGP, SSH, S/MIME and IPsec. SHA-1 is also used in distributed revision control system
like Git, Mercurial and Monotone to identify revisions, and to detect data corruption and tempering. The main motivation
behind its publication was Digital signature Standard in which it is incorporated. SHA-1 forms the basis for SHACAL block
ciphers. It is more secure than MD5.
H0 = 67452301 H1 = EFCDAB89 H2 = 98BADCFE H3 = 10325476
F (B,C,D)= BC OR NOT(B) D
G (B,C,D)=BC OR BD OR CD
I (B,C,D)= C XOR (B OR NOT(D))

H4 = C3D2E1F0
H (B,C,D)=B XOR C XOR D

Figure 2.3 SHA-1 Algorithm
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2.4 SHA-2:
SHA-2 (Secure hash algorithm-2) is a set of cryptographic hash functions developed by the United States National Security
Agency (NSA). SHA-2 includes significant changes from its predecessor, SHA-1. The SHA-2 family consists of six hash
functions with message digests (hash values) that are 224, 256, 384 or 512 bits results in SHA-224, SHA-256, SHA-384,
SHA-512, SHA-512/224, and SHA-512/256.
In 2005, an algorithm emerged for finding SHA-1 collisions in about 2,000 times fewer steps than was previously thought
possible. In 2017, an example of a SHA-1 collision was published. The security margin left by SHA-1 is weaker than
intended, and its use is therefore no longer endorsed for applications that depend on collision resistance, such as digital
signatures. Although SHA-2 bears some similarity to the SHA-1 algorithm, these attacks have not been successfully
extended to SHA-2 [13].
H0 = 6A09E667 H1 = BB67AE85 H2 = 3C6EF372 H3 = A54FF53A H4 = 510E527F
H6 = 1F83D9AB H7 = 5BE0CD19
A=H0, B=H1, C=H2, D=H3, E=H4, F=H5, G=H6, H=H7

H5 = 9B05688C

CH(E;F;G)= (E OR F) XOR (NOT(E) OR G)
//(XOR, NOT are logical operators)
MAJ(A;B;C)=(A OR B) XOR (A OR C) XOR (B OR C)
SUM0(A)= ROT R (A,2) XOR ROT R (A,13) XOR ROT R (A,22)
SUM1(E)= ROT R (E,6) XOR ROT R (E,11) XOR ROT R (E,25)
//(ROT R means rotate right X for given number of times)
Figure 2.4 SHA-2 Algorithm
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2.5 SHA-3:
SHA-3 is a subset of the broader cryptographic primitive family Keccak designed by Guido Bertoni, Joan Daemen, Michael
Peeters, and Gilles Van Assche, building upon RadioGatún. Keccak's authors have proposed additional uses for the function,
not (yet) standardized by NIST, including a stream cipher, an authenticated encryption system, a "tree" hashing scheme for
faster hashing on certain architectures, and AEAD ciphers Keyak. Keccak is based on a novel approach called sponge
construction. Sponge construction is based on a wide random function or random permutation, and allows inputting
("absorbing" in sponge terminology) any amount of data, and outputting ("squeezing") any amount of data, while acting as a
pseudorandom function with regard to all previous inputs. This leads to great flexibility. In sponge construction data is

absorbed and result is squeezed out in absorbing phase. Data is xor with the subset of state then it is renovated
using permutation function f. State, that is written and read is named rate, state that is untouched by input and
output is termed as capacity .It helps in determining the security level, maximum security level is half the capacity .
Input string is N padded function pad and permutation f is performed on bit block of width b rate r so capacity is c =b-r.
Padding is done on input N then performs initialization of state to string, breaking P into n consecutive piece. Pi xor with S
applies block permutation leads to next state. Sponge construction is given by z=sponge[f,pad,r] (N,d), until Z less than d
append first r bits of S to Z if still z less than d apply F to s which leads to next state .[13]

800 J.C. Bose University of Science and Technology, YMCA, Faridabad

P0

P1

⊕

R

Pn-1

Z0

⊕
f

……….

Z1

⊕
f

F

c

Figure 2.5 SHA-3 Algorithm

3.

Setup Parameters
Table-1: Set Up Parameters
SPECIFICATIONS
Processor

Intel (R) Core ( TM )i3-5005U CPU@ 2.00 GHz 2.00 GHz

Memory

4.00 GB

Operating System

Windows 10 (64 bit)

Tool used

MATLAB

Version

R2014a serial update 2

Data 1

[1 1 1 1 1 1 1 1]

Data 2

[0 1 1 1 1 1 1 1]

Null data

[0 0 0 0 0 0 0 0]

3.1 Performance Analysis Tests and Parameters
1)
2)
3)

4.

No. of bits changedThis parameter defines number of bits changed when a single bit of the message input is changed.
Output for Null data
It is the hexadecimal output produced by an algorithm for null data i.e. [0 0 0 0 0 0 0 0]
Time Complexity
It is defined as the time taken or the processing time by the algorithm to run, which is implemented in a function to
perform a specific task.

Results and Discussions

Hexadecimal output of data 1= [1 1 1 1 1 1 1 1]

Techniq
ue

Hex output of data=[1 1 1 1 1 1 1 1]

MD4

249f868feb0f38d129ce2ea3e8dcafd5

MD5

1bbd886460827015e5d605ed44252251

SHA-1

a642a77abd7d4f51bf9226ceaf891fcbb5b299b8

SHA-2

ee79976c9380d5e337fc1c095ece8c8f22f91f306ceeb161fa
51fecede2c4ba1
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SHA-3

A6F098ADF45424539EB214272E0436894BB6FE3F22F5BF457
25E1D4F37313A9547415CA108EA84664995D9CCD3983DC21
806765FB8E20D6B686CE51EE6583EC8

Hexadecimal output of data 2= [0 1 1 1 1 1 1 1]
Technique

Hex output of data=[0 1 1 1 1 1 1 1]

MD4

4a05e3071c5e1257f074c498cafd24c1

MD5

b979b632218272f114633bb8697e0c67

SHA-1

32e18ade36300a69f281970ca991a113c364c073

SHA-2

07fbd4dae28e11e49ec4c5f7e34e341b7135d17a6ad7c74f4
bb624bb5e18be66
D75DAF2BA6283A1FB38AAFEC28D486D60638871030
AB17937B82FC83AD843497C5AD238F9779104FF973B
BBEE970D4E277AB759A6C28CB17A65E4824E583CAF
4

SHA-3

Hexadecimal output of data 3= [0 0 0 0 0 0 0 0]
Technique

Hex output of data=[0 0 0 0 0 0 0 0]

MD4

a8215cc4e5542e7d9b35f50390a94

MD5

dd4b21e9ef71e1291183a46b913ae6f2

SHA-1

70352f41061eda4ff3c322094af068ba70c3b38b

SHA-2

7e071fd9b023ed8f18458a73613a0834f6220bd5cc50357b
a3493c6040a9ea8c

4.1 Graph of Time Elapsed V/s Hashing Techniques
Referring to the graph, it can be observed that SHA-512 has the maximum time elapsed and MD4 has least time elapsed for
inputs.
the given

Time complexity

Chart Title
0.01
0.008
0.006
0.004
0.002
0
MD4

MD5

SHA-1

SHA-2

Techniques
Data 1

Data 2

Null Data

4.2 NBC for each technique for Data 1 and Data 2 :
Referring to the table, it can be observes that SHA-512 has the maximum NBC value and MD4 has the least value. Larger
value of NBC shows that more number of hashing bits are changed when one bit is changed in the input and it also
concluded that SHA-512 is more secured due to highest value of NBC.
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Technique

No.of bits changed

MD4

76

MD5

65

SHA-1

81

SHA-2

260

SHA-3

257

Referring to table, it can be observed that NBC lowest in MD5 while highest in SHA-2 indicating that SHA-2
introduces more change in the bits of hash values on changing one bit in message input.

CONCLUSION
Applying the different algorithms of Hashing, following conclusions can be drawn:
1.
2.
3.

MD4 and MD5 produce hash value of length 128 bits, SHA-1 of 160 bits while SHA-2 generates a message
digest of 512 bits.
On changing a single bit in message input, maximum change in number of bits of corresponding hash code
is reflected in SHA-2. It shows it is best amongst the techniques compared in terms of security.
Time Complexity is found to be highest in SHA-2 i.e. it takes longer to produce the message digest.

References:Fan Yan ,Yang Jian-Wen , Cheng Lin, ”Computer Network Security and Technology Research”, Seventh
International Conference on Measuring Technology and Mechatronics Automation INSPEC Accession
Number: 15455677, IEEE 2015.
2. C Bing, W Lisong, “Research on Architecture of Network Security. Computer Engineering and Applications”,
IEEE International Advance Computing Conference (IACC 2009), 38(7):138-140. DOI:10.3321/j.issn:10028331.2002.07.047.
3. PodilchukCI, DelpEJ, “Digital watermarking: algorithms and applications”, IEEE Signal Processing Magazine,
Vol: 18, Issue: 4, pp. 33–46
4. Zhang J, Liu L , ” Publicly Verifiable Watermarking for Intellectual Property Protection in FPGA Design”, IEEE
Transactions on Very Large Scale Integration (VLSI) Systems, vol. 25, no. 4, pp. 1520– 1527
5. Gaurav Sharma, Shailender Gupta , Sangeeta Dhall , C. K. Nagpal ,” Publicly verifiable watermarking scheme for
intellectual property protection using quantum Chaos and bit plane complexity slicing”, Springer Science +
Business Media, LLC, part of Springer Nature 2018, https://doi.org/10.1007/s11042-018-6226-8
6. Bhavna Chauhan, Sangeeta Dhall, Shailender Gupta, “A Comparison of Various Hashing techniques”,
International Journals of computer networks and applications, volume 2, July-August(2015), ISSN:2395-0455
Everscience Publications.
7. C.G Thomas, Robin Thomas Jose Assistant Professor, Dept. of I.T., AIMIT, St. Aloysius College (Autonomous),
Mangalore, Karnataka, India III Semester M.Sc. Software Technology, AIMIT, St. Aloysius College
(Autonomous), Mangalore, Karnataka, India, “A Comparative Study on Different Hashing Algorithms”,
International Journal of Innovative Research in Computer and Communication Engineering , Vol. 3, Special Issue
7, October 2015.
8. Forouzan, “Data Communications and Networking”, Tata McGraw Hill Education Private limited, FourthEdition .
9. M Bishop, “What is Computer Security?” in IEEE Security and Privacy, Vol. 99, Issue no.1, pp. 67-69, 2003.
10. Phillip Rogaway, Thomas Shrimpton, “Cryptographic Hash-Function Basics: Definitions, Implications, and
Separations for Preimage Resistance, Second-Preimage Resistance, and Collision Resistance” in International
workshop on fast software Encryption, pp. 371-388, 2004.
11. MihirBellare, Ran Canettiand, Hugo Krawczyk, “Keying Hash Functions for Message Authentication” in Annual
International Cryptology Conference, Advances in Cryptology-CRYPTO ’96, pp. 1-15, 2001.
1.

803 J.C. Bose University of Science and Technology, YMCA, Faridabad

12. Coron JS., Dodis Y., Malinaud C., Puniya P, “Merkle-Damgård Revisited: How to Construct a Hash Function in
Annual International Cryptology Conference, Advances in Cryptology-CRYPTO 2005, pp. 430-448, 2005
13. H. E. Michail, A. P. Kakarountas, A. Milidonis and C. E. Goutis, "Efficient implementation of the keyed-hash
message authentication code (HMAC) using the SHA-1 hash function," Proceedings of the 2004 11th IEEE
International Conference on Electronics, Circuits and Systems, 2004. ICECS 2004, pp. 567-570, 2004.

804 J.C. Bose University of Science and Technology, YMCA, Faridabad

ISFT/2020/R/1209

AN INTROSPECTION ON ENGLISH LANGUAGE
ACQUISITION AS A TOOL FOR ACQUIRING
TECHNICAL AND NON-TECHNICAL COMPETENCIES
FOR THE ENGINEERING STUDENTS OF INDIA
Dr.BhartiKukreja, Associate Professor, B.S. Anangpuria Educational Institutes,
Faridabad (Haryana)
Abstract
Education is something which prepares the scholars as well as professionals to clamber
the ladder in their academic field reaching the pinnacle of their professional victory in
their endeavors. At the same time, the English language, which was once the language of
the natives of Anglo-Saxon origin, has now become the language of the people of the
entire world irrespective of their nationality, community and ethnicity. The English
language has been globalized and its use has been widespread. Proficiency in English has
also become very important in Indian context especially for the future technocrats. It has
become imperative for the students of Engineering and other professional courses
because it is the medium of learning in all higher academics and it is widely used as the
medium of communication in all offices and organizations. English is also the principal
tool of communication for international commerce, trade, international relations, tourism,
science and technological research. Engineering students have to use English to deal
comprehensively with the countless lectures conducted in English and to comprehend
different kinds of engineering course material such as text books, reference books,
tutorials, projects and journals. Besides that the world is increasingly becoming a small
place and job opportunities are not just limited to India alone, thus competence in English
is very critical for the engineering students. With this background it is pertinent to
explore the teaching-learning process effectiveness and the perspectives on the
proficiency in English for our engineers considering its certain limitations. The present
article is an effort to emphasize the significance of the English language in the
professional lives of the students of engineering in universal contexts. The main
objective of this paper is also to explore the impact of English language acquisition on
the career of the prospective technocrats all over the world in general and in India in
particular keeping considering the obstacles being faced for the development of the
English language skills.
Keywords :- Dissection, Anglo-Saxon, comprehend, technocrats.
Introduction
Since the very origin of human being on the earth, the development in every sphere of
life has been taking place. There might be no language for communication in the pre805 J.C. Bose University of Science and Technology, YMCA, Faridabad

historic times. Everyone would be roaming independently without society and for the
means of livelihood. For a long time, human beings would have lived like animals even
without society, living in groups. After the formation of societies, needs of people might
have developed and thus slowly and slowly oral language would have taken birth.
So far as engineering knowledge is concerned it took a very long time to reach at this
present stage. It is believed that the wheel must be first and foremost invention of
engineering which actually seem to be the basic discovery of engineering. At present
times, the history of every invention is in black and white on paper in the form of
language which gives help to further advancementin that particular walk of that
invention.
English – Backbone of Engineering
In this 21st century, the modern era, where the world is growing at such a rapid speed,
globalisation has directly influenced the industry’s needs; a global engineer must be able
to easily access cross national and cultural boundaries. This in turn directly affects
engineering and technical education. Here , a common code for communication has
become utmost necessity. Those education institutions, which meet the language
requirements for the new global engineer, becomecapable to face the new millennium.
Here the proficiency in English for faculty as well as the students works the best.
Moreover, good English fluency creates confidence to withstand in public. Good English
skills influence the reader and the listener to pay attention. Every speaker and a writer
wants to attract their audience by any means so it is necessary to have good
communication skill which could only be driven by confidence and again a good
influencer hovers around English language. Thomas N. Huckin and Leslie A. Olsen,
state:
Scientists and engineers may be technically brilliant and creative, but unless they
can convince co-workers, clients, and supervisors of their worth, their technical
skills will be unnoticed, unappreciated, and unused. In a word, if technical people
cannot communicate to others what they are doing and why it is important, it is
they and their excellent technical skills that will be superfluous. From this
perspective, communication skills are not just handy; they are critical tools for
success, even survival, in “real world” environments”(3.)
For an engineering student, it has a great influence in their academic life as well as in
their upcoming prospective career. In order to master the engineering knowledge and
skills better, engineering students should own the English language competence.
Engineering itself means a systematic manner of study and practice. So, English language
can’t be shrugged off during engineering courses. It is required in every single step of the
engineering study. Even most of the engineering books are written in English. Their
reports, thesis, graphs are even marked in English. The professors in every college, in
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every university lectures in English. Even to have online and offline tutorials, it is
necessary to have basic knowledge of this language. Specifically the scientific and the
engineering terms are very difficult to describe in Indian languages. And the alternative
solution is to use English language. So it can be said that it is the part and parcel of an
engineer’s life.
With India fast becoming a global economy and English being the language of global
business, the Indian companies are increasingly focusing on English language skills of
employment seeking candidates. Moreover, English is the medium of interpersonal
communication in the corporate and therefore having good command on English
language has become even more crucial. Engineers usually work in groups and this very
nature of their work demands mutual cooperation and effective interpersonal
communication within and outside the organization in order to understand and coordinate
with co-workers and accomplish their projects. To be able to do so, engineers need to
possess high level of listening comprehension, speaking and reading fluency and good
writing skills in English. It would be squarely wrong to depend solely on technical
knowledge and skills, which could be less than adequate due to lack of language
comprehension and production skills in English, to progress in one’s professional career.
Good communication skills in English and sound domain knowledge is also crucial to
make the most out of the globalized job market.
To study abroad in some of the best universities in the world, students have to take up
standardized tests to prove their English language proficiency. These tests play a major
role for admissions to most of the universities overseas. These tests are measurements
carried out to ensure that the students from non-English speaking countries are able to
write, listen, and converse in English fluently. Even for this purpose, proficiency in
English has become a must.
In the field of engineering education, the English language is being used as a common
means of
communication all over the world whether it is for acquiring knowledge from books or
publishing
their research reports, or for giving oral presentations or for presenting papers in the
seminars and
conferences. Moreover, the English language is now a bridge language of international
business, technology, research and aviation. As Reimer mentions :
..Communication skills are essential for engineer who aspires to carry out his/her
professional practice in the global areas. Engineering communication skills
basically constitute several core elements such as the fluency in the English
language and the fundamentals of visual communication. (91)
In fact English language has opened the door of development and prosperity in the
personal and professional life of an engineer. Engineers who have obtained an
engineering degree from the university may have more access to the job opportunities in
another country if they are well versed with English language. Undoubtedly the demand
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of English communication is very high in the present day world especially in the field of
engineering due to the omnipresence of globalization. Whether it is for pursuing one’s
academic qualification in the universities abroad or executing responsibilities in any
multinational company, one ought to have proficiency in English.
Issues in Learning English Language for an Engineering Student
In India, English has always been a secondary language for the natives. However, English
has its own importance in every field and in corporate world it has a major role.
So, a common circumstance which English learners mostly face when they are given a
chance to speak English in front of public is that they feel embarrassed and suffer from
hesitation fearing they might be grammatically wrong.
Being a science student where everything revolves around alpha, beta, delta, gamma,
omega, sigma, etc; students hardly bother about nouns, verbs, tenses, etc. No doubt, if the
technical terms are correct, the language part is seldom taken it into consideration. So the
hearts of a typical rural Engineering student still resist the panorama of English language.
Studies reveal that about 67% of engineers graduating from Indian colleges do not
possess good spoken English skills. Poor spoken English may be keeping a large number
of India's engineers away and from landing some of the best paid jobs in the country. A
study has found that an overwhelming 97% of engineers in the country cannot speak
English required for high-end jobs in corporate, sales and business consulting firms.Subconsequently leading it to the unbearable performance in job interviews. They fail to
express their knowledge whereas they inwardly realize its importance. Job Interviews
are all about confidence, fluency and skills and a major point that is presentation. No
matter how much knowledge you have, if you could present it well in an efficient way, it
makes all the difference. And generally job interviews are conducted in English. So, at
least having a basic knowledge of English is necessary.
Now coming to the practical world, we all obviously speak and read English, but there is
a little difference between mastering the language and ordinarily speaking in a common
crowd. Now this can be a critical challenge for the future success in the professional
career.
Since Hindi is our primary language, which we learnt since our birth without taking care
from where, whom, why, etc.... so learning some other language which is wholly
different from the mother tongue is little bit painstaking. Of course everyone would be
proud of one’s mother tongue and become or remain an expert in it. But in order to
become a global child, it is necessary to learn the tactics of English language.
The educators in the engineering do realize the significance of English language teaching
but the real picture is that the traditional methods of teaching are still followed by many
English professors in engineering colleges. In most of the cases, English professors are
under pressure to complete the recommended syllabus within a very limited period of the
semester. This method of teaching steals the luster of learning and mastering English
language with motivation and makes the sessions bland and futile. As a result, many
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engineering students do not make much progress in learning new and innovative
language skills that are required to make them employable.
Moreover, the engineering students lack the exposure to the English communication in
the family, society as well as in the colleges. Even during their classroom sessions they
tend to use slang words in their mother tongue which actually distorts the suitable
environment for learning as well as speaking in English. As a result of this even the
meritorious gold medalist fails to achieve competence in terms of communication skills,
soft skills, interpersonal skills and personality development. Moreover, the lack of
confidence of being unable to communicate in English leads to feeling of inferiority
complex and unwanted stress in their minds.
The other important factor is the education system and lack of skillful teachers. Most of
the teachers at all the learning levels are not properly aware of the current trends and
advanced techniques of English Language teaching. Again teaching –learning process is
much of exam result oriented. And the exams just test the memory power.Even the
parents are craving for the marks than language skills or knowledge.Again the exam
oriented students under the influence of their teachers and parents give prior importance
to their technical subjects than to the communication proficiency. So due to lack of
language guidance English seems to be a dreadful demon for the students.
How to Handle and tackle this situation
English is not so easy language, not tough though. It takes time but the constructive
efforts will definitely yield positive results. Set small goals, small targets. The
engineering students should start using the language in theway they enjoy doing. It could
be English listening, sound reading or watching good English stuff. They should at least
try to surround themselveswith everybody who speaks English. Doing so with those
people would even create feeling of competition.
Try to converse informally in English as much as possible with educated speakers of that
language.
The engineering students should necessarily get an English oxford dictionary. It is
prescribed as the perfect dictionary for English learning.
Last but not the least, depending on your age when you first began learning English, you
may study until you are 100 years old and still not get perfect. But this is no dishonor!
Even Prof.Albert Einstein spoke English in thick accent and made mistakes until the day
he died. Are you smarter than he was? Do what he did; get help! just practice and
discover.
The aspiring engineering students should be provided with the dictionary of technical
words with their meanings in regional language for use. The technical teachers should
help students in understanding and applying the technical words in English and their
equivalents in regional languages. Again they should help the students to understand the
meanings of long and complicated sentences in technical subjects.
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Faculty is expected to fulfill not only their assigned responsibilities but also should take it
as their moral responsibility to make more efforts to provide more exposure to English
language for students. The faculty should be indulged in more and more interactive
session in English so that the students can built an ability to participate in various
activities such as paper presentations, GD’s, mock interviews, role plays etc. It is
necessary that duration of students’ Talk Time (STT) should be higher than that of
Teacher Talk Time (TTT).
Conclusion
Engineering is the biggest field of study in the world. First of all English is a tool that
notably affect engineering students in academic life. While most of the assumptions in
engineering are taught in English, it requires to have good English communication
proficiency. In academic life, engineering students have to deal with the countless
lectures, tutorials, labs, project reports and papers in English. Generally engineering
professors in various universities are also conducting lectures in English. The most apt
source of information i.e. Internet provides generally the information in English. During
the job seeking process in interviews, GD’s, it is it is mandatory to achieve mastery in
English proficiency. After securing the job they are necessary to work in groups since
their task seldom be solved by an individual. A Large number of Indian engineers have to
now travel to many continents and work away from their domicile country. Also, among
the scientists, technologists and business experts from culturally and linguistically
different communities, English has become the prime language for communication. So,
being an engineer requires co-operating and communicating with different people from
different part of the world. English is used as the operational language on large extent. In
order to harmonize with the colleagues, engineers have to speak fluent English. So,
English communication competence plays an important role in the academic life and
career of engineering students.
Although bilingual way of teaching in English are feasible options for developing English
language skills. In order to develop the language skills of the Indian engineering
students, a compulsory English language learning programme including theoretical
teaching and regular practice through language labsetc. can be incorporated in their
studies. In fact, the language learning programme should have as its overall aim and
focus the development of the language skills that engineering students will need in their
future profession as engineers. Role play is another feasible alternative as using role play
as an activity may give teachers a means to create different ‘professional contexts’ in
which students may practice their language skills and professional competence. As most
other ‘classroom’ activities, role play cannot replace a ‘real life’ situation, but it may
certainly give students an opportunity to prepare for such situations.
Conclusion
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Offering our engineering students the opportunity to develop adequately as successful
technocrats , comprehensive English language skills is increasingly becoming a necessity.
This is also significant in a ‘life-long-learning’ perspective as it may enable engineers to
develop technical as well non-technical competences needed in new vistas of engineering
and for job opportunities in an international environment. For a non-native it may be a
headache but it is necessary to master in it as engineering is a global blogging. It
mentions great minds with full technical education and terms. To work at a global level
where different people come from different parts of the world it is necessary to
communicate that is they rely on a single standard language which is English. To carry on
projects it is becomes a need to communicate. Without communication it is impossible to
complete any task. English is an international language and the terms are widely accepted
throughout the globe. Now it is being a medium of interaction not only for conversation
but also a medium for every branch of education. It helps to maintain a standardization
not
only
for
engineers
but
also
for
all
professionals.
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Abstract
This paper is a comparative review on the critical problem of network lifetime of WSNs. Due to
limited battery of sensor nodes, so energy efficiency found to be main constraint of limited life of WSNs.
Therefore the main focus of the present work is to find the ways to minimize the energy consumption
problem and how one can enhance the network stability period and life time by using both the protocols.
Many researchers have proposed different kind of the protocols to enhance the network lifetime but still
much improvement can be done further to enhance the network lifetime further. The overall objective of
this paper is to evaluate the gaps in existing clustering techniques of WSNs. This paper has evaluated the
issues which have been neglected in the field of the WSNs and also have shown the comparison between
homogeneous and heterogeneous protocols.

Keywords: WSNs, Network Lifetime, Stable period, clustering, leach deec.

Introduction
Wireless Sensor Networks (WSNs) are networks that consist of nodes also called sensors which
are deployed in a region. These sensors work with each other to sense various types of physical
information from the atmosphere. In various significant fields WSNs are very helpful like
environmental traffic, military surveillance, area monitoring, air pollution monitoring,
wastewater monitoring, pressure etc [1] [9]. Current WSNs is working on the problems of lowpower communication, computation and energy storage.
All sensor nodes process data and transmit it to base station also called sink. In WSNs nodes are
battery constrained due to limited energy [2] [3] [4]. So use of the battery in efficient way
becomes critical issue. A number of protocols play an important role to reduce energy
consumption. Direct communication and multi-hop data transmission used initially. But due to
limited power of sensor nodes these techniques don’t work effectively.
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Figure 1: Wireless sensor network

Energy is very critical issue in WSN, because of limited energy in sensor nodes, so to conserve
energy clustering technique was introduced; in which out of thousands of nodes few nodes
become cluster head and they manage the entire network. Cluster head is a node which is
responsible for maintain cluster, collect data from nodes in the cluster and communicating with
sink. By using clustering methodology it has been observed that there is large amount of energy
that has been saved. In static clustering method some rules were followed to elect a cluster head,
once a cluster is formed and cluster head is elected, the cluster was statically operated until the
head node dead.
Because cluster head node have more responsibility so rapid decrease in energy in the Cluster
head node. The death time was head node was too early in static clustering technique. So there
was a need required the Wenzimen proposed a protocol based on adaptive clustering technique
he named it LEACH.

Clustering
Clustering [2] [4] [6] [9] is a technique where nodes are arranged into clusters that are useful in
achieving energy efficiency. All nodes belonging to the same cluster send their data to cluster
head. The main function of cluster head is to provide efficiently data communication between
sensor nodes and the base station. So the cluster head should have high energy as compared to
other nodes. CH aggregates data and sends aggregated data to BS where the end-user can access
the data.

Different Clustering Protocols
In Wireless sensor network clustering can be done in two types of network i.e. homogeneous and
heterogeneous. All sensor nodes with identical energy level are known as homogeneous. With
purely static clustering in a homogeneous network, it is evident that the cluster head nodes will
be over-loaded with the long range transmissions to the remote base station and the extra
processing necessary for data aggregation and protocol co-ordination. As a result the cluster head
nodes expire before other nodes[9]. However it is desirable to ensure that all the nodes run out of
814 J.C. Bose University of Science and Technology, YMCA, Faridabad

their battery at about the same time, so that very little residual energy is wasted when the system
expires. WSNs. Low-Energy Adaptive Clustering Hierarchy (LEACH) [4], Threshold sensitive
energy efficient sensor network protocol (TEEN) [5], LEACH–centralized (LEACH-c) [6],
Adaptive threshold sensitive energy efficient sensor network protocol (APTEEN) [7], Power
Efficient Gathering in Sensor Information Systems (PEGASIS) [8], Hybrid Energy- Efficient
Distributed Clustering (HEED) [9] protocols are widely used for homogeneous WSNs.
In heterogeneous WSNs all sensor nodes have dissimilar energy level and fewer energy nodes
died first than the high energy sensor nodes. In a heterogeneous sensor network, two or more
different types of nodes with different battery energy and functionality are used. The motivation
being that the more complex hardware and the extra battery energy can be embedded in few
cluster head nodes, thereby reducing the hardware cost of the rest of the network. However
fixing the cluster head nodes means that role rotation is no longer possible. Stable Election
Protocol (SEP) [10], Distributed Energy Efficient Clustering (DEEC) [11], Developed DEEC
(DDEEC) [15] and Enhanced DEEC (EDEEC) [16] are well known heterogeneous WSNs
protocols. Low-Energy Adaptive Clustering Hierarchy (LEACH) [4] used for homogeneous
protocol in which all the nodes have same energy level. There are number of rounds for
communication of information. Each round starts with set- up phase and followed by the steady
phase.

Figure 2: LEACH Clustering Hierarchy [3]

In first phase i.e. setup phase cluster creation and CH selection was take place. CHs selection
choice is prepared by the each node select a random number between 0 and 1. Threshold T (n) =
P/ {1-P(r mod 1/P)} calculated to check a node has chance to become CHs for current round. In
this P is desire percentage of CHs, r is the number of current round. If node contains value less
than T (n) it becomes CHs for current round and cannot be CHs for the next1 / P rounds.
Therefore probability of remaining nodes must be increased. After this in steady phase CHs node
receives all data from local nodes compress it and send it to the sink. LEACH is an effective
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technique to reduce energy dissipation, enhanced network lifetime. Distributed Energy Efficient
Clustering (DEEC) [11] is used for heterogeneous WSNs. In DEEC, the CHs chosen by a
possibility based on the ratio between the remaining energy of every node and the average
energy of the WSNs. The round number of the rotating period for every sensor node is dissimilar
to its initial and remaining energy. The sensor nodes with maximum initial and remaining energy
will have more chance to become the CHs than normal nodes. In LEACH every node has chance
to become a CHs after 1/p rounds. All the nodes cannot same remaining energy when sensor
network evolves so, the energy will be not well distributed and the low-energy nodes will finish
earlier than the high- energy nodes. For CH choice, DEEC uses initial and remaining energy
level of nodes. DEEC provides good performance in the networks containing normal and
advanced nodes. Developed Distributed Energy-Efficient Clustering (DDEEC) [15] allows to
balance the cluster head selection overall WSNs nodes following their remaining energy.
DDEEC uses same method for estimation of average energy and CH selection algorithm based
on remaining energy as applied in DEEC [22]. In DDEEC nodes that have maximum energy
values and more remaining energy has more possibility to become CH than nodes having lower
energy, so, in these way advanced nodes will become CHs more often as compared to normal
nodes. After some period advanced nodes having same remaining energy like normal nodes.
Although, DEEC continues to punish the advanced nodes so this is not best way for energy
distribution, because after this advanced nodes are continuously be a CH and they expire faster
than normal nodes. To avoid this problem DDEEC presents a threshold residual energy .When
advanced and normal nodes energy level less than threshold residual energy then both types of
nodes use same probability to become cluster head [33]. Therefore, CH selection is balanced and
more efficient in DDEEC. Enhanced Distributed Energy Efficient Clustering (EDEEC) [16]
scheme uses the idea of DEEC with addition of super nodes and expands it into three level
heterogeneity WSNs. It includes three types of nodes i.e. normal, advanced and super nodes with
their probabilities based on initial energy. Enhanced Developed Distributed Energy Efficient
Clustering (EDDEEC) [2] scheme is used for three-level heterogeneous WSNs. It uses same
method for CH selection based on initial, remaining energy level of the nodes and average
energy of network as in DEEC. In EDEEC after some rounds, some super and advance nodes
have same remaining energy level as normal nodes due to continually CH selection.[20]
Therefore it continues to penalize advance and super sensor nodes. Same issue with DEEC, it
also continues to penalize just advance nodes and DDEEC is limited only for twolevel heterogeneous networks. To remove this unbalanced problem in three-level heterogeneous
WSNs EDDEEC changes in function which described in EDEEC for calculating probabilities of
normal, advance and super nodes[22]. These modifications are based on absolute remaining
energy level that is the value in which advance and super sensor nodes have similar energy level
as in case of normal nodes. Using absolute remaining energy all kinds of nodes has identical
probability for CH selection.

Related Work
Heinzelman et al. (2000) [4] has proposed Low-Energy Adaptive Clustering Hierarchy
(LEACH) protocol for homogeneous WSNs that has all nodes of same energy level. In LEACH
every node to become a cluster head depends on its individual probability. It equally assigned the
energy load among the sensor nodes by use of randomized alternation of cluster-heads.
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Manjeshwar et al. (2001) [5] has introduced a new protocol TEEN (Threshold sensitive energy
efficient sensor network protocol) in which the cluster head uses two values of threshold, hard
threshold and soft threshold. Hard threshold is the minimum value of the attribute that activates
the communication from node to the cluster head and soft threshold is small change in the value
of the sensed attributes. This technique reduced the number of transmission.
Chandrakasan et al. (2002) [6] has proposed LEACH-Centralized protocol. LEACH did not
provide the guarantee about the position and number of group leader nodes. So LEACH-C is
more efficient because in this base station has global information of the energy level and location
of all the nodes, so it created better clusters.
Manjeshwar et al. (2002) [7] has presented Adaptive Threshold sensitive Energy Efficient
sensor Network protocol also called APTEEN. It extended the rules of Teen which is a hybrid
protocol for both periodic up data collection and also for time significant data collection. It
offered data regularly and also supplied information on time significant actions. It combined the
best feature of both proactive and reactive network.
Lindsey et al. (2002) [8] has presented an improved scheme Power-Efficient Gathering in
Sensor Information Systems also called PEGASIS. PEGASIS is a chain-based protocol instead
of cluster-based protocol. Each node communicates only with its neighbor node and transmitting
data to the sink, so it reduced the amount of energy spent per cycle.
Youniset al. (2004) [9] has presented a homogeneous protocol Hybrid Energy- Efficient
Distributed Clustering (HEED). It extended the scheme of LEACH algorithm by including
remaining energy. This method balanced the load on sensor nodes and gave better improvement
in lifetime of the network It offered the guarantee that the maximum energy node will be the
cluster head inside its cluster range.
Smaragdakis et al. (2004) [10] has proposed Stable Election Protocol also called SEP. It was
made for the two-level heterogeneous networks that contain two types of sensor nodes.
According to their own energy each node is able to become cluster head, based on individual
selection probability. SEP improved the stability time, which is defined as the time period before
death of the first node.
Qing et al. (2006) [11] has presented a new protocol Distributed energy-efficient clustering
(DEEC) for heterogeneous WSNs. Cluster-heads selection depends on the ratio between
remaining energy of each node and the average energy of WSNs. In this protocol, node
containing more energy has more probability to be a cluster head. DEEC does not need full
energy information at every time though the choice of cluster head.
Israr et al. (2007) [12] has presented an improved protocol Multi-hop LEACH that carried
out intra-cluster transmission in which sensor nodes send data to its cluster head and intercluster transmission hold temporary cluster head. It improved the load balancing problem and is
more efficient in terms of energy utilization from LEACH and LEACH-C.
Ali et al. (2008) [13] has proposed an improved protocol advanced low-energy adaptive
clustering hierarchy (ALEACH). It depends on both the present status probability and general
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probability that enables selecting well suitable node for cluster head and rotating cluster head
positions to evenly distribute the energy load among all the nodes.
Elbhiri et al. (2009) [14] has proposed Distributed Energy Efficient Clustering also called
SDEEC for the heterogeneous WSNs. It permits to balance the cluster head choice overall
network nodes follow their remaining energy. It has optimized the intra-clusters communication
to prolong network lifetime and give better performance than the SEP and DEEC.
Elbhiri et al. (2010) [15] has proposed a new heterogeneous protocol called Developed
Distributed Energy-Efficient Clustering (DDEEC). This choice of protocol always selected the
advanced nodes, when their remaining energy decrease and be converted into the series of the
normal sensor nodes. It optimized the cluster head choice by following their remaining energy
and it performed better than DEEC.
Saini et al. (2010) [16] has presented an improved protocol Enhanced Distributed Energy
Efficient Clustering (EDEEC). EDEEC comes up with three kinds of sensor nodes that can be
used to increase the lifetime and stability of the WSNs. It enhances the heterogeneity, energy
level and received more data packets at BS than SEP.
Alla et al. (2011) [17] has proposed a new technique Balanced and Centralized Distributed
Energy Efficient Clustering also called BCDEEC. In this BS guarantees that the high energy
nodes suitable first entrance for cluster heads to get better lifetime of WSNs and saving average
energy It gives the better performance than SEP and DEEC.
Miao et al. (2012) [18]has proposed a performance analyses of LEACH, DEEC and SEP.
LEACH does not perform well in heterogeneous environment. SEP is composed of two types of
nodes according to the initial power. In DEEC High initial and remaining energy nodes will have
more probability to be CH than lower energy nodes. Thus, DEEC can improve the stability
period and Lifetime of WSNs.
Qureshi et al. (2012) [19] has tested the performance of Distributed Energy- Efficient
Clustering, Threshold DEEC, Developed DEEC and Enhanced DEEC. It tested these schemes
under a number of different condition hold high level heterogeneity to low level heterogeneity.
DEEC and DDEEC performed well in three level heterogeneous network hold high energy level
variation among nodes. EDEEC and TDEEC performed well in all heterogeneous state
containing low energy level variation among.
S. Pal et al.(2004) [20] has witnessed a lot of attention in routing for wireless sensor networks
and introduced unique challenges compared to traditional data routing in wired networks.
Routing in sensor networks is a new area of research.In this first the author have gone through a
comprehensive survey of routing techniques in wireless sensor networks. The routing techniques
are classified as proactive, reactive and hybrid on their mode of function and type of target
applications. In this eight routing protocols and their comprehensive survey is discussed. These
eight protocols are LEACH, TEEN, APTEEN, PEGASIS, SPIN, DD, RR and GEAR. Since the
sensor networks are application specific, we can’t say a particular protocol is better than other.
comparison of these protocols only on the basis of parameters is done.Future perspective of this
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work is well focused towards modifying one of the above routing protocols such that the
modified protocol could minimize more energy for the entire system.
Kashaf et al.(2012) [21] has proposed a new protocol Threshold Sensitive Stable Election
Protocol (TSEP), which is reactive protocol using three levels of heterogeneity. Reactive
netwroks, as opposed to proactive networks, respond immediately to changes in relevant
parameters of interest. The performance of new protocol for a simple temperature sensing
application and compare results of protocol with some other protocols LEACH, DEEC,
SEP,ESEP and TEEN. And from results it is observed that protocol outperforms concerning life
time of sensing nodes used.
M.Vivek et.al [22] (2004) has presented cost based comparative study of homogeneous and
heterogeneous clustered sensor networks. He focused on the case where the base station is
remotely located and the sensor nodes are not mobile. Since we are concerned with the overall
network dimensioning problem, we take into account the manufacturing cost of the hardware as
well as the battery energy of the nodes. A homogeneous sensor network consists of identical
nodes, while a heterogeneous sensor network consists of two or more types of nodes (organized
into hierarchical clusters). We first consider single hop clustered sensor networks (nodes use
single hopping to reach the cluster heads). We use LEACH as the representative single hop
homogeneous network, and a sensor network with two types of nodes as a representative single
hop heterogeneous network. For multi-hop homogeneous networks (nodes use multi-hopping to
reach the cluster head), we propose and analyze a multi-hop variant of LEACH that we call MLEACH. We show that M-LEACH has better energy efficiency than LEACH in many cases. We
then compare the cost of multi-hop clustered sensor networks with M-LEACH as the
representative homogeneous network, and a sensor network with two types of nodes (that use incluster multi-hopping) as the representative heterogeneous network. He showed that in many
cases M-LEACH is more energy efficient than LEACH. Using M-LEACH as the
representative multi-hop homogeneous network, we presented a cost based comparison of multihop homogeneous and multihop heterogeneous networks.

Comparison between Homogeneous and Heterogeneous Protocols
Table 1: Shows Comparison between Homogeneous and Heterogeneous Protocols
Homogeneous Protocols
Heterogeneous Protocols
In heterogeneous WSNs, nodes are deployed
WSNs having nodes of same energy with different initial energy levels
level are called homogenous WSNs.
In homogeneous networks all the
In a heterogeneous sensor network, two or more
sensor nodes are identical in terms different types of nodes with different battery
of battery energy and hardware
Energy and functionality are used
complexity
As compared to homogeneous it saves more
energy and helps in prolonging the network
It saves energy but does not help in lifetime.
help in prolonging network
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lifetime
They are less suitable for real life
applications.
They are more suitable for real life
applications
Examples-LEACH, PEGASIS
Examples:ETC
DEEC,EDDEEC,BEENISH
The table 1 shows the difference between the homogeneous and heterogeneous protocols and it
shows that heterogeneous protocols are better than homogeneous protocols has it has more no of
energy levels and works in mobile sink based environment and shows more the no. of levels
more efficient the protocol. The heterogeneous protocol is more suitable for real life applications
and it also saves more energy and pro long the network lifetime than homogeneous protocols. It
also shows that it that node deploys with different energy levels and homogeneous
deploys on same energy level and shows that heterogeneous performs better than homogeneous
protocol. And from the comparison we conclude that heterogeneous are better than homogeneous
protocols and concludes more the number of nodes more energy it saves and prolongs the
network lifetime than homogeneous protocols.

Conclusion
It has been found from the survey that the most of the existing researchers has worked hard to
prolong the network lifetime. This has come up with significant improvement over the existing
protocols like LEACH. But it is also found that the most of the researchers has neglected at least
one of these issues of WSNs.
(a) Most of the researchers has neglected Fuzzy based cluster head selection.
(b) The Most of the existing researchers has neglected the use of the distance between the sensor
node and the base station while selecting the cluster head.
(c) The optimum numbers of clusters in every round are not consistent in LEACH as well as in
DEEC variants.
In near future we will use fuzzy cost which will be evaluated on the basis of the residual
energy and the node centrality. The fuzzy cost will be dynamic in nature as it will be evaluated in
each round. Thus will provide more better results due to its adaptive nature i.e. will change as the
residual energy changes. The main advantage of this suggested protocol is that the optimum
numbers of clusters will be formed in every round, which is almost impossible in LEACH and
also not guaranteed in EDDEEC. So we conclude that heterogeneous protocols are better than
homogeneous as performance of WSN protocols increase if we increase the heterogeneity level
and assign some roles to the various nodes among network.
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Abstract: The artificial neural network back propagation algorithm is implemented in Matlab
Language. This implementation is compared with several other software packages. The effect of
reducing the number of iterations in the performance of the algorithm is studied. The speed of the back
propagation program, backprop, written in Matlab language is compared with the speed of several other
back propagation programs which are written in the C language. The speed of the Matlab program
backprop is, also compared with the C program quickprop which is a variant of the back propagation
algorithm. It is shown that the Matlab program backprop is about 4.5 to 7 times faster than the C
programs.

1. BACK PROPAGATION ALGORITHM USING MATLAB
This section explains the software package, backprop, which is written in Matlab language. The package implements
the Back Propagation (BP) algorithm [RII W861, which is an artificial neural network algorithm.
There are other software packages which implement the back propagation algorithm. For example the
Aspirin/MIGRAINES Software Tools [Lei9I] is intended to be used to investigate different neural network paradigms.
There is also NASA NETS [Baf89] which is a neural network simulator. It provides a system for a variety of neural
network configurations which uses generalized delta back propagation learning method. There are also books which
have implementation of BP algorithm in C language for example, see [ED90].
Many of these software packages are huge, they need to be compiled and sometimes difficult to understand.
Modification of these codes requires understanding the massive amount of source code and additional low level
programming. The backprop on the other hand is easy to use and very fast. With the graphical capability of the Matlab
the network parameters can be graphed to see what is going on inside any specific network. Additions and
modifications to the backprop package are easier and further research in the area of neural network can be facilitated.
1.1 What is Matlab?
Matlab is a commercial software developed by Mathworks Inc. It is an interactive software package for scientific and
engineering numeric computation [Inc90]. Matlab has several basic routines which do matrix arithmetic, plotting etc.
1.2 Why Use Matlab?
Matlab is already in use in many institutions. It is used in research in academia and industry. Prototype solutions are
usually obtained faster in Matlab than solving, problem from a programming language. Matlab is fast, because the
core routines in Matlab are fine tuned for different computer architectures. Following test was made to compare the
speed between Matlab and a program written in C. Since the back propagation algorithm involves matrix
manipulations the test chosen was matrix multiply. As the next section shows, Matlab was about 2.5 times faster than
a C program both doing matrix multiply.
Speed Comparison of Matrix Multiply in Matlab and C
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A program in C was written to multiply two matrices containing double precision numbers. The result of the
multiplication is assigned into a third matrix. Each matrix contained 500 rows and 500 columns. A Matlab M file was
written to do the same multiply as C program did. Only the segment of the code which does the multiplication is timed.
The test was run on a Celron1.7 GHz. computer, the result is shown in Table 1.1. As the table shows Matlab is faster
than the C program by more than a factor of two.
Method
C program
Matlab

Execution Time
500x500 Multiply
277 seconds
110 seconds

Table 1.1 Speed comparison of matrix multiply in Matlab and a C program. Matlab runs 2.5 times faster than
the C program.

1.3 Back Propagation Algorithm
The generalized delta rule [RHW86], also known as back propagation algorithm, is explained here briefly for feed
forward Neural Network (NN). The explanation here is intended to give an outline of the process involved in back
propagation algorithm.
The NN explained here contains three layers. These are input, hidden, and output Layers. During the training
phase, the training data is fed into to the input layer. The delta is propagated to the hidden layer and then to the output
layer. This is called the forward pass of the back propagation algorithm. In forward pass, each node in hidden layer
gets input from all the nodes from input layer, which are multiplied with appropriate weights and then summed. The
output of the hidden node is the nonlinear transformation of the this resulting sum. Similarly each node in output layer
gets input from all the nodes from hidden layer, which are multiplied with appropriate weights and then summed. The
output of this node is the non-linear transformation of the resulting sum.
The output values of the output layer are compared with the target output values. The target output values
are those that we attempt to teach our network. The error between actual output values and target output values is
calculated and propagated back toward hidden layer. This is called the backward pass of the back propagation
algorithm. The error is used to update the connection strengths between nodes, i.e. weight matrices between inputhidden layers and hidden-output layers are updated.
During the testing phase, no learning takes place i.e., weight matrices are not changed. Each test vector is fed
into the input layer. The feed forward of the testing data is similar to the feed forward of the training data.
1.4 Backprop Program
The backprop program is written in Matlab language. The program implements the back propagation algorithm
[RHW86]. The algorithms used in the backprop program involve very few number of iterations. This is one of the
reasons why this program is so fast. In the next section, an example is given to see the effect of reducing number
of iterations has on the execution speed of a program. In Section 1.5 execution speed of the backprop program in
Matlab is compared with the execution speed of a back propagation program in C.
Reducing Number of Iterations Increases Execution Speed
There are several ways to write a program to accomplish a given task. The approach or algorithm a person might take
will have a great effect on the execution s p d of a program. Here, a class identification problem is stated and then two
solutions are presented. Statement of the problem is, given a matrix A, find the class to which each column of the
matrix A belongs.
Each column of the matrix A is a vector x which we want to find to which class this vector belongs. To do this, for
each of these vectors x, we want to find the distances between the vector x and m other vectors. These m vectors are
the desired vectors representing class1 through class,. The minimum of the m distances, comes from a vector
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representing class,. The number j is the answer to the column vector x. So the desired output is a row vector B
indicating to which class each of the vectors in A belongs. Content of the matrix A is changing, so we need to calculate
the row vector B more than once.
Two solutions are now presented for the above problem. The first solution will be algorithm 1 and the second solution
will be algorithm 2. Both algorithms will need as input argument the following variables:




variable "A" which contains the matrix A
variable "Classes" which contains vectors representing class1 through class,
variable “nClasses” which contains the number of classes m

The output of the both algorithms is variable "B" which will contain the class number of each column of the variable
"A".
Figure 1.1 shows several of the variables used in algorithm 1. Here the variable “A” is made of columns x 1,x2, . . . ,
xn,. Variable “Classes” is made of columns c1, c2,… cm which represents class1 through class,. Variable “dist” is a
column vector of size m which will hold the distance of a vector x in A to each of the m classes in variable “Classes”.
The algorithm 1 is the following:
 for each xi in A where i = 1,. . .,n
- dist(j) = Square Euclidean Distance( x;, cj ) where j = 1,. . . , m
- B(i) = k where dist(k) = min( dist )
Figure 1.2 shows several of the variables used in algorithm 2. Here the variable An is also made of columns x1, x2, . .
. ,xn, but we will view it as one block. Variable “Classes” is made of m column blocks C1,C2, . . . , Cm, where m is the
number of classes. Each block Cj is the same size as block A. The block C j contains n equal columns where n is the
number of columns in A. Each column in block Cj is cj which represents class j. Variable “dist” is made of m block
columns which will hold the distance of block A to each of the m blocks in variable “Classes”. The algorithm 2 is the
following:
 dist(j,:) = Square Euclidean Distance( A, Cj ) where j = l,. . . , m. dist(j,:)
refers to row j of dist matrix.
 B(i) = where dist(k, i) = min( dist(:, i) ). dist(:, i) refers to column i of dist
matrix.
Tables 1.2 and 1.3 show the two solutions for the class identification problem using algorithms 1 and 2. Note that
these solutions are written in Matlab language. The algorithm 1 used in Table 1.2 is straight forward. As shown in the
next section, the algorithm 1 contains much more iterations than algorithm 2. This causing the algorithm 1 to run
slower than the algorithm 2 of Table1.3.
Speed Comparison of Algorithm 1 and Algorithm 2
The above algorithms were used to solve the class identification problem, where the number of classes was 8. The
size of the variables used in algorithms 1 and 2.
Table 1.2 Algorithm 1 is a straight forward method which solves the class identification problem are shown in Table
1.4. Note that the amount of memory used by algorithm 2 (1922 Kbytes) is much greater than the memory used in
algorithm 1 (212 K bytes). However, as shown below, algorithm 2 is much faster than algorithm 1. The speed of
execution is related to the number of iterations in the algorithm.
The number of iterations for algorithm 1 is much greater than the number of iterations for algorithm 2. In this example,
the statement number 8 in algorithm1 gets executed 24,000 (nCol x nClasses = 3000 x 8) times. Where in algorithm
2 either statement number 11 or 15 gets executed only 8 (nClasses = 8) times.
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1.
2.

function B=algorithm1(A,Classes, nClasses)
%Each column of the variable “Classes”
represents a class
3. [nRow, nCol]= size(A);
4. B=zeros(1,nCol);
% Pre allocate
memory
5. for i=1 : nCol,
6. x=A(:,i);
7. for j =1 : nClasses,
8. dist(j) = sum((x-Classes(:,j)),-2);
9. end
10. [v, B(i)]= min(dist);
11. end

Since Matlab is an interpretive language algorithm 1 is much slower than algorithm 2. Table 1.5 shows that algorithm
2 runs about 23 times faster than algorithm 1. The test was performed on an Celeron 1.7G.Hz computer. In the next
section the speed of backprop program, written in Matlab, is compared to the speed of a C program both implementing
the back propagation algorithm [RH W861.
Table 1.3 Algorithm 2 is another way to solve the class identification problem. It is faster than Algorithm 1

1) function B = algorithm2( A, Classes, nClasses )
2) % Each column of the variable "Classes” represents
3)%all of the "nClasses" classes. If there are 8 classes
4)%and each class is represented by 8 numbers, then the
5)%number of rows of "Classes" is equal to 64. The
6)%number of columns in "Classes" is equal to number
7) % of columns in A.
8) [ nRow , nCol ] = size( A );
9) dist = zeros( nClasses, nCol ); %Preallocate memory
10) if nRow = = 1
11)
for j = 1 : nClasses,
12)
dist( j, : ) = ( A - Classes( j, : ) ) .-2;
end
13)
14) else
15)
for j = l : nClasses,
16)dist(j,:) = sum((A-Classes(((j-)*nRow+l) : (j*nRow)
,:)) . - 2 ) ;
17)
end
18) end
19) [ v, B ] = min( dist );

l.5 Matlab Backprop Speed vs. C Backprop Speed
The back propagation program in Matlab, backprop, is compared with two other C back propagation programs
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fbackprop2 and dbackprop. The backprop is also compared with the C program quickprop [Fah88]. The quickprop
program is a modification of a back propagation program which has similar feed forward and backward routines but
in update weight routine, all the weights are updated as a function of each weight's current slope, previous slope, and
the size of the last jump. However, if the variable "ModeSwitchThreshold" in the quickprop program is set to a big
number then all the weight updates are based on normal gradient descent method i.e. same as in regular back
propagation algorithm. The program fbackprop is similar to the program dbackprop. The only difference is that the
calculations in fbackprop are in floats (single precision), where the calculations in dbackprop are in doubles (double
precision). All the calculations in Matlab program backprop are in doubles. The calculations in the quickprop program
are in floats.
'I'able 1.4 Size of the variables in algorithms 1 and 2 is shown here. The amount of memory used in algorithm 1 is 212
Kbytes where algorithm 2 uses 1922 Kbytcs.
In the fbackprop and the dbackprop programs, weights get updated after every input /output vector pair. Where the
weights in quickprop and backprop programs get updated after a complete sweep of the training data. As shown
below the backprop program is faster than all the three C programs.
Variable
Size of
Size of
#Bytes
#Bytes
Name
Variable Variable
Alg 1
Alg 2
in
in Algo.2
Algo.1
A
B
Clasees
dist
I
j
nClasea
nCol
nhw
v
x

8x 3000
1x 3000
8x8
8x1
1x1
1x1
1x1
1x1
1x1
1x1
8x1

8x 3000
1x 3000
64x3000
8 x 3000
1x1
1x1
1x1
1x1
1 x 3000

192,000
24,000
512
64
8
8
8
8
8
8
64

192,000
24,000
1,536,000
192,000
8
8
8
8
24,000

The neural network, used in our benchmark tests, had 64 input nodes, 16 hidden nodes, and 8 output nodes. The
training data contained 1600 input and output vector pairs. Each input vector was 64 numbers and each output vector
was 8 numbers. The training time for 100 sweeps over the training data is measured for the above programs using a
Celeron 1.7G.Hz. Computer. The results are shown in Table 1.6. As the table shows, the backprop runs 7.0 times
faster than the C program dbackprop. The backprop runs 4.5 times faster than the C program quickprop.The training
time for the C programs fbackprop4 and dbackprop is also measured in two other computers. One of the computers
was a Vax 11/780 and the other
Table 1.5 Speed of algorithm 1 is compared to the speed of algorithm 2. Algorithm 2 runs about 23 times faster than
algorithm 1.

Algorithm
1
2

Execution Time
51.22 seconds
2.26 seconds

Table 1.6 Speed of the Matlab program backprop is compared to the speed of C programs fbackprop, dbackprop and
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quickprop. The training time for 100 sweeps over the training data is measured. The Matlab program backprop runs
7.0 times faster than the C program dbackprop. The backprop also runs 4.5 times faster than the quickprop program.
Program

Execution Time

fbackprop
dbackprop
backprop
quickprop

3969 seconds
3792 seconds
536 seconds
2407 seconds

computer was a Zenith 386133 running SCO unix with math coprocessor. Table 1.7 shows the training time for 100
iterations over the training data. The time taken for the fbackprop program was less than the dbackprop program in
these computers, however the fbackprop time of the Celeron 1.7GHz computer was longer the dbackprop time. So
depending on different computer architectures floating point single precision calculations are faster than double
precision calculations or vice versa. As it was shown, the backprop program was fastest among the programs we
considered above. However backprop provides an integrated graphic capability that other programs lack.
1.6 Integrated Graphical Capability of the Backprop Program
The back propagation program backprop is faster than the C programs considered here. However this is not the only
advantage that this program has over others. It provides an integrated graphical capability and an interprative
environment that other programs lack.
Table 1.7 Execution speed of the fbackprop, a single precision back propagation program, is compared to the
dbackprop a double precision back propagation program. The training time for 100 sweeps over the training data is
measured on three computers. In the Celeron 1.7GHz computer double precision program was faster than the single
precision program. In Vax 11/780 and 386 computer the single precision program is faster than the double precision
program. The execution time of the backprop is included here for comparison.
Computer

Celeron 1.7GHz
Vax 11/780
Zenith 386/33

Execution
Time
for
fbaekprop
seconds
3,969
69,923
21,795

Execution
Time
for
Dbackprop
seconds
3,792
73,150
24,523

Execution
Time
for
Backprop
seconds
536

In the backprop program, the network parameters can be easily viewed during program execution. Training and testing
reports can be enabled during training and statistics such as mean square error, percent correct, etc. can be collected
in report intervals specified by the user.
Figure 1.3 shows a sample 'mean square error' graph. Figure 1.4 shows a sample 'percent correct ' graph. Percent
correct refers to the percentage of the input vectors, in training or testing data, which are correctly classified. Figure
1.5 shows a sample 'maximum absolute error' graph. Figure 1.6 shows a sample 'percent bits wrong' graph. Percent
bits wrong refers to the percentage of the output nodes which were off more than some threshold. Figure 1.7 shows a
sample 'compact graph ' graph. Compact graph is a graph which contains the above 4 graphs in one graph.
Other graphs can be easily added to the backprop package. In the next section vie list several other
capabilities of the backprop program.
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1.7 Other Capabilities of the Backprop Package
So far we have shown that backprop package is fast and contains several standard graphical capabilities. Several of
the backprop capabilities are:
 Allows a user to specify a weight file for initial weights to start training.
 Can generate random initial weights for training and allows the user to save these initial weights to be used
later.
 If the training gets started in wrong initial weights, the program is easily interrupted and different set of initial
weights is used.
 The result from training a network can be saved and recalled at a later time.
 Allows further training from where it was last left off.

l.8 Summary and Conclusions
The backprop program is written in Matlab language. This program implements the back propagation algorithm
[RHW86]. Since Matlab is an interpretive language the number of iterations in the algorithms has been reduced. This
reduced number of iterations results in a faster executable program. The backprop program is faster than the C back
propagation program dbackprop by a factor of 7.0. It is faster than quickprop [Fah88] program by a factor of 4.5.The
backprop provides other capabilities such as integrated graphics and interpretive environment which Matlab
offers.The backprop size is less than a comparative program in C. It is modular and each individual module can be
viewed as a software Integrated Chip (IC). Each software IC can be modified as long as the input/output criteria is
met. Additions of other software ICs are easy to be incorporated into the backprop package. Further research in the
area of neural network can be facilitated.
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Abstract: We are living in a world where data is utmost important for organization to make accurate business
decisions and earn profits. Social Media, sensors, CCTV camera, Airlines etc. are producing data exponentially data
day by day. As this huge data is not able to manage with traditional management system like Data warehouse and
Data mining so we need to have a tool that can handle big data efficiently. Apache Software Foundation has
developed open source software for handling big data which is known as Hadoop. Hadoop is a cluster of many
different technologies require storing and analyzing big data, such technologies are HDFS, MapReduce, ZooKeeper,
Hive etc. Data management is not only about storing and analyzing, securing data from unauthorized access is still a
big concern today. Storing Big Data over Hadoop cluster is easy but securing it is a big issue as the data in Hadoop
cluster is not encrypted which is highly vulnerable to attack, Moreover Hadoop frameworks is written in Java which
is heavily exploited by cyber intruders. For this reason, Business Professionals prefer Cloud storage rather than
Hadoop which is a physical storage that too high in cost. In this Paper, we have discussed about the cloud assistance
for managing big data and also the issues of Cloud Computing which are yet to be resolved.
Key points: Big Data, Hadoop, HDFS, Map Reduce, Cloud Computing.
1.

INTRODUCTION TO BIG DATA

Big data is a data having large data sets gathered from various sources. These large datasets are beyond
the capability of commonly used soft wares. It is having various computing strategies and technologies to
analyze data sets. Although big data can be in any form like structured or unstructured which has not been
processed by conventional data management methods. For processing of this large amount of data, 4 key
concepts are needed to be considered. They are Volume, Velocity, and Variety.
Volume: This refers to very large amount of data which keeps increasing from gigabytes to terabytes and
then to petabytes. Currently, Organizations collect data from n number of sources like smart devices,
transactions videos and social media and many others. To store these data in cheaper way, data lakes and
Hadoop are the best platform.
Velocity: With the large use of Internet of Things, data is getting increased in speed and must be handled
on time. [1]Various reasons in the continuous acceleration of data are real time data creation and decision
making processes. For this, RFID tags, sensors and smart meters are playing big role to deal this data in
real time.
Variety: Data is available in any form like structured, numeric, unstructured, videos, audios and business
or financial transactions. It basically shows complexity of data.in past, most of the data was structured.
Now days, data is coming from various new channels and technologies, social media, IOTs, mobile
computing and more. Due to this, much semi structured or unstructured data is getting produced in the
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form of text, emails, blogs and log files etc. Moreover, it creates issues in storing, mining and analyzing
of data.
In addition to increasing velocities and varieties, we consider two more parameters i.e variability and
veracity.
Variability: Data is changing very often. So businesses should know how to deal with daily, seasonal and
event-triggered peak data loads.
Veracity: It means quality of data. As data is coming from different sources, it becomes tedious task to
link, match, cleanse and transform data across existing systems. In Businesses data must be connected and
correlated in relationships, hierarchies and various linkages.
1.1 Hadoop
Hadoop is an open source software framework that is used to in distributed computing environment to
create and design data processing applications. These Hadoop applications are implemented on big data in
the form of large data sets which are distributed across clusters of commodity computers. These
computers are relatively cheap and help in achieving greater computational power at low cost. Moreover,
all the government organizations are getting digitized so to get all the advantages of digitization,
organizations are moving towards Hadoop technology to get better services and to provide facilities to the
right person.
As data get resides in a local file system of a personal computer system, in a same way, in Hadoop, data
resides in a distributed file system which is called as a Hadoop Distributed File system. The processing
model is based on 'Data Locality' concept. In this model, computational logic is sent to cluster nodes
(server) containing data. This computational logic is a compiled version of a program written in a highlevel language such as Java. Such a program, processes data stored in Hadoop HDFS. Hadoop
implements applications using the Map Reduce algorithm, [2]. Where the data is processed in parallel
with others. Hadoop is basically a tool to create applications which could perform statistical analysis on
datasets. This framework application works where distributed storage and computation across clusters of
computers are provided. Hadoop can work on single server to thousands of machines, which offers local
computation and storage.
Map Reduce: Map Reduce is a parallel programming model which is used for creating distributed
applications. The Map Reduce is java based processing technique and a program model for distributed
computing. The Map Reduce algorithm performs two critical tasks, namely Map and Reduce. First in
Map, one set of data is converted into another set of data, where all the elements are broken down into
tuples (key/value pairs). Second, in reduce task, the output from the map is taken as input and data tuples
are combined into smaller set of tuples. As the sequence of the name Map Reduce implies, the reduce task
is always performed after the map task. The biggest advantage of Map Reduce is that it becomes easy to
process data over multiple computing nodes. Under the Map Reduce model, two primitive’s works one is
called mappers and other is called reducers. Although it is difficult to break a data processing application
into mappers and reducers but, once we write an application in the Map Reduce form, scaling the
application to run over hundreds, thousands of machines is easy.
Hadoop distributed file system: After this, the HDFS framework handles various tasks such as issuing
tasks, verifying task completion, and copying data around the cluster between the nodes. all the
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computing is done on local disks to reduces the network traffic. When these tasks are completed, the
cluster collects and reduces the data to form an appropriate result, and sends it back to the Hadoop server.
Advantages of Hadoop:
The main advantage of Hadoop is automation and parallelization which shows great fault tolerance results
into slow processing but not complete system failure [3]. If any node in Hadoop gets fail, there is no loss
of data because data is replicated into other nodes also. Moreover when any node gets fails, failed
component can be reused in the system without restarting of a complete system. This results into increase
in performance.
Security in Hadoop: In the beginning, developers created Hadoop in order to distribute and parallel
processing of large data. Security issues were not the important concerns at that time. Later on, security of
information was given a priority and strong security in Hadoop was required to secure sensitive
information. Authorization, authentication, encryption are feasible pillars for securing Hadoop clusters.
Firstly, Hadoop distributions performed much of the integration and setup work with central security as
Active Directory [4]. This system has only one point of authentication and access for Hadoop service.
This system access over https protocol to Hadoop cluster and removes SSH edges node risks. To provide
a security between communications between the nodes, only single layer was introduces named as simple
authentication and security layer. This system uses SHA-256 hashing technique which uses hash function
to authenticate a node.
Secondly, encryption in HDFS which provides transparent encryption embedded within the Hadoop file
system. When data is stored into file system, encryption is done transparently, without modification to the
applications that use the cluster. In multi-tenant clusters, this feature support data privacy. HDFS can be
used with Hadoop’s Key Management Service (KMS), or integrated with third party key management
services.
Challenges of Hadoop
There are many challenges which must be considered so that all organizations can rely on it and can ne
able to store ever-growing data into it with reliability and security [5]. These challenges are as follows:
a. Constant growth in data: Hadoop clusters need to be scaled at large level due to constant
increase in data. This requires complex software which can be changed or modified according to
the demands and necessity in handling large data sets. To run data sets securely, fewer protocols
are provided which need to be increased.
b. Not a fix platform: Only the end user chooses the platform to do the work. There is no fix
platform to work on. Moreover, user may not have proper knowledge of hardware to obtain best
feasible solution.
2.

THE RATIONALISTIC RELATIONSHIP BETWEEN CLOUD COMPUTING AND BIG DATA

Cloud Computing provides a great advantage for Business Professional as it helps them to store the large
amount of data over logically created storage and analyze them with great ease using number of analytical
tools. Cloud computing offers tons of services to the user connected to internet like storage, analytics,
security, privacy, scalability and many more. With the help of this technology, users are able to acquire
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resources anywhere, anytime without investing huge money in buying local storage and processors.
Basically, Cloud is formed by integrating various technologies like Database, powerful computing tools,
storage system, networking etc. which can be accessed only by internet in order to fulfill user’s
requirements in cost effective manner, We can scale up and scale down our requirements whenever we
want, this feature of cloud computing makes it so flexible and user friendly. “Cloud” in cloud computing
are categorized into three parts i.e. Public cloud, Private Cloud and Hybrid Cloud. In this paper, we will
see the advantages and drawbacks of migrating big data technologies to cloud.

Fig 1. Big Data over cloud [6]

Cloud Computing Services
1. PAAS (Platform as a service): Platform in computers science means the system software on
which the any application software runs. For example, Operating System which is the heart of
Computers. Cloud computing can provide the execution environment on demand anywhere
anytime.
2. SAAS (Software as a service): Cloud computing provides online software which we can use
using internet. By this we don’t have to download software and consume our local storage.
3. IASS (Infrastructure as a service): Cloud Providers owns Infrastructure for the users which
include, Servers, network devices, software etc. provides through Virtualization technology
which means dividing a single large storage and distributing the space to different users.
Cloud Computing and Big Data go hand in hand, as Cloud provides distributed storage and processing
services for large amount of data and big data strongly needs this service. Thus, by providing big data
application with computing capability, big data stimulate and accelerate the development of cloud
computing. The distributed storage technology in environmental computing helps to manage big data [7].
Cloud computing and big data are complementary to each other. Rapid growth in big data is regarded a
problem. Clouds are evolving and providing solutions for the appropriate environment of big data [8]
while traditional storage cannot meet the requirements for dealing with big data, in addition to the need
for data exchange between various distributed storage locations. Cloud computing provides solutions and
addresses problems with big data [9].
The Models between the cloud and big data
The most common service for providing big data analytics solution on clouds is PaaS and SaaS. IaaS is
usually not used for high-level data analytics applications but mainly to handle the storage and computing
needs of data, Cloud computing models can help accelerate the potential for scalable analytics solutions
[10]Cloud computing is a member of distributed computing family that provides resources in the form of
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user services such as (SaaS), infrastructure like (IaaS) and a platform as service like (PaaS), but with the
advent of big data, the cloud computing model is gradually moving to big database service including
(AaaS, BDaaS) known as (DaaS) database as a service which means that database services are available
for applications that are deployed in any implementation environment [11]. BDaaS is a form of service
similar to software as a service or infrastructure as a service. Huge data as a service often relies on cloud
storage to maintain continuous data access to the enterprise that owns the information and the provider it
works with [12] and is considered to be hosted in the cloud. Similar types of services include (SaaS) or
service-based infrastructure, (IaaS) where big, specific data is used as service options to help businesses.
3. PROS AND CONS OF MOVING BIG DATA OVER CLOUD

Pros: Cloud Environment proved to be the cheapest method for storing and analyzing data as cloud is
shared resource so the cost goes down. Secondly, we can access our data anytime anywhere just we need
to have internet access. Thirdly, Data can be stored in encrypted form so that no unauthorized user can
access it. Fourthly, Cloud Service Providers are responsible for managing client’s data so there is less
headache for client’s.
Cons: Since Cloud is open environment so data can be stolen anytime like during shifting of data from
local server to cloud, or when data goes from cloud to local server, technologies need to be placed for
ensuring security as Cloud is yet not secure.
4. CONCLUSION

Big Data and Cloud Computing are the two technologies that every business professionals are concerned
with. Since Big data is extremely huge in volume, variety and velocity so we need something which can
easily handle such data. For that purpose Cloud computing is combined with big data which has brought
great advantages to the IT sector as storing and accessing large amount of data becomes economically
easy. The development of big data and their requirements is a factor that motivates service providers in
the cloud for continuous development, because the relationship between them is based on the product, the
storage and processing as a common factor. The problem that we faced in Hadoop distributed
environment has also been resolved in cloud storage since cloud is more flexible and provides better
security. Though using cloud computing proved to be the best assistance for managing big data but some
cons are always there like in this security is still a great concern as data is placed in open environment so
anyone can access the data from anywhere. Various encryption algorithms have been applied but we have
not achieved the best security method yet. So it will be the concern for researchers to find out the best
method to protect data.
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Abstract: In today’s digital world, data is increasing every second and so has increased the need for
computing this data. To name few of the sources the data is received from everyday climate record
information, social site posts, purchase transaction records, pictures and videos uploaded and shared over the
internet, cell phone GPS signals, etc. For processing this huge amount of data many solutions have emerged
including Mapreduce architecture which is available in an open-source called Hadoop used by Yahoo,
Facebook and others. Mapreduce is a programming model that consists of two tasks namely, Map and
Reduce. A <key/value> pair is generated by the map function specified by the user that splits the data
associated with the key and reduces function then merges all the intermediate values associated with that
same key. In this paper, we study the concepts of Mapreduce and Hadoop used to compute and process
efficiently the large amount of data.

Keywords: Hadoop, Mapreduce, Clusters, Storage, Data Intensive Computing.
1. Introduction
The rapid growth of Internet and WWW along with various social, scientific and engineering
applications have created a large amount of both structured and unstructured information which has to
be processed, analysed , grouped and linked. This application produces such a large amount of data,
which is increasing distributed clusters and data centres. For processing this big data a widely used
frameworks are Mapreduce developed by Google and its open source implementation Hadoop from
Yahoo.[1]
I. HADOOP: Processing large amount of Data
Hadoop got started in Dutch and it is an open-source framework used to store large amount data in a
distributed environment. It is a Java-base shell used in processing data among different clusters.
Hadoop is more flexible, economical, scalable and also fault-tolerant. Apache Hadoop is an answer to
a quest for conquering the challenges possessed by managing and analysing the massive amount of
BIGDATA. It is also referred as “ecosystem” or collection of Hadoop platforms like Apache Pig,
Apache Spark, Apache Hive, Apache HBase, etc. along with additional software packages that can be
installed with these.
Components of Hadoop:
1). Hadoop Common- Apache Foundation has pre-defined set of utilities and libraries that are to be
used by other Hadoop modules and components. For example, if HBase and Hive want to access
HDFS (Hadoop distributed file system) they need to make a Java archives (JAR files) that are stored
in Hadoop Common.
2). Hadoop Distributed File System (HDFS) -The default big data storage layer of Apache Hadoop
is HDFS. HDFS is the “Secret Sauce” of Apache Hadoop components as users can dump huge
datasets into it until the user wants to leverage it for analysis.[1] HDFS component creates several
replica copies of the data block to be distributed across different clusters for reliable and quick data
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access. HDFS comprises of some of important components NameNode, DataNode and Secondary
NameNode.
3). MapReduce- It is a software programming model used for processing of large and gigantic
datasets in parallel structure. In the Hadoop environment, Hadoop MapReduce is a framework based
on YARN architecture. In YARN based Hadoop architecture, it supports parallel processing of huge
data sets and MapReduce provides the framework for easily writing applications on thousands of
nodes, considering fault and failure management.
4). YARN- YARN acronym for Yet Another Resource Negotiator. It forms an integral part of Hadoop
2.0.YARN and is a great enabler for dynamic resource utilization on Hadoop framework as users can
run various Hadoop applications without have to bother about increasing workloads. It is the primary
resource management framework used for scheduling and handling multiple resource requests coming
from distributed applications.[2]
Master
Task
Tracker

Slave
Task
Tracker

MapReduce layer
Job tracker

HDFS layer

Name node

Data node

Data node

Multi-master cluster
Fig1: Hadoop Cluster Architecture
II. MapReduce: A Programming Model
Mapreduce is one of the most acceptable programming model for parallel data processing in high
performance cluster computing environment. It is proven that scalability of MapReduce is high, as
jobs in MapReduce model are partitioned into numerous small tasks running in multiple machines in
large clusters. MapReduce was designed by Google, Yahoo and many others to marshal the storage
and computation resources of the dedicated cluster computer. The MapReduce library users expresses
the computation as two functions: Map and Reduce[4].
Map function is written by user, takes an input pair and produces a set of intermediate key/value(say
k1,v1) pairs. The MapReduce library then groups all intermediate values together associates them with
same intermediate key I and passes them to the reduce function. The map function is written in a way
that multiple map functions can be executed at once i.e. we can also say that it is the one which
divides(splits) the tasks.
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Reduce function is also written by the user, accepts this intermediate key I(say k1) and the set of
values(say v1, v2, v3,...) for this key and sort on basis of these keys. These values are then merged
together to form possible smaller set of values.
Fig 2 below represents the basic MapReduce Phase job

Fig 2: Map and Reduce Phase
When MapReduce program is run by Hadoop, it sends this job to the Master Node, where the Job
Tracker having multiple Slave Nodes(or Task Trackers) reports to it and asks for new jobs when they
are idle. The Job Tracker divides the Map tasks among the Task Trackers to assure parallelism. If any
task tracker fails then job tracker redistribute the tasks which though increases the execution time
slightly.

MapReduce Execution Overview:
When a map function is called, automatically the machine invokes in parallel and different machines
in parallel then process partitions into M number of splits and these splits. Now when reduce function
is called the function invocations are distributed by partitioning the intermediate key space into R
pieces using the partitioning function(e.g. hash(key) mod R) where no. Of partitions (R) and partition
function both are determined by the user.
Fig 3 below shows the overview of the MapReduce execution. The sequence of actions that occur
when the MapReduce function is called are as follows:
1.
The MapReduce library given in the user program splits the inputs into M pieces typically of
the size 16 MB to 64 MB per pieces and then starts up many copies of the programs on various
machine clusters.
2.
One special copy called the Master is created. Rest of them are the workers who are assigned
a task by the master. There are M map tasks and R reduce tasks that are to be assigned to these
workers.
3.
A worker assigned to the task have to read the content of its corresponding input split and
parse the key/value pair out of the input data. Then passes each pair of these to the user-defined Map
function.
The
intermediate
key/value
pairs
produced.
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Fig 3: MapReduce Execution Overview

4. The buffered pairs are written to the local disk which is partitioned into R regions by the
partitioning function after certain period of time.[3] These buffered pairs location on disks are sent
back to the master who is responsible to forward these locations to the Reduce workers.
5. As soon as the Reduce worker is notified by the master about these locations it uses remote
procedure calls to read these buffered data of the Map worker from the disk. After reading all these
intermediate data, it sorts them according to intermediate keys so that all occurrences of the same
keys are grouped together.[5]
6. The Reduce worker iterates over the sorted intermediate data and for every encounter to unique
intermediate key, the key is passed and the corresponding set of intermediate values to the user’s
Reduce Function. For this reduce partition, the output of the Reduce function is appended to a final
output file.
7. After completion of al map tasks and reduce tasks, the master wakes the user program. Then the
MapReduce call in the user program returns back to the user code.
After completing it successfully, the output of the mapreduce execution is made available in the R
output files. The user need not combine these R output files into one file-these files are often passed
as input to another MapReduce call or use these files from another distributed applications that is
able to deal with input that is partitioned into multiple files.
2. CONCLUSION
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Hadoop MapReduce programming paradigm is increasingly being used to process large and
unstructured data sets. Hadoop allow users to create clusters of commodity servers and MapReduce
has been modelled as an independent platform-as-a-service layer which is suitable for different
requirements by the cloud providers. In this paper, a basic study has been discussed to analyse the
importance of the Hadoop and MapReduce technique in the Big-Data. Hadoop is more scalable
software available in the market widely preferred by more than half of the Fortune 50 companies like
Yahoo, Google, Amazon, Facebook, IBM, etc, to name some of them. Its ease of using, understanding
and processing of the unstructured data is the key feature, and its also the main reason for preferring
these over others. Understanding the basics of these are very important as a stepping stone to analyse
its performance and find scope for future recommendations.
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Abstract:
A high performance resonator and the DGS (Defected ground structure) are the important
elements in many microwave circuits such as filters, amplifiers, couplers and antennas for
electronic, wireless and microwave communication systems. This paper presents a design of a
band-pass filter using combination of a simple transmission line and cylindrical dielectric
resonator and defected ground structure. Three dielectric resonators with same permittivity (FR4
epoxy or duroid) having high permittivity and diameter of 0.72 mm are identified to be
contributed to an ultra-wideband bandwidth of the filter. These band limited band-pass filters can
also be used in T.D.M.A technique in wireless communication. This new approach increases the
coupling effect as well as minimizing the insertion loss in the pass band. In order to prove that
the new approach contributes more advantages and is viable at the desired application band, the
return and insertion losses of the filter are analyzed. The availability of high-Q tunable filters
may also have a significant impact on utilization of bank of filters, production cost and delivery
schedule in some communication systems. Such systems use multiple filters that are usually
identical with the exception of center frequency and band -width .The production cost can be
significantly reduced by building standard filter units that can be easily reconfigured during
production phase to fit the required frequency plan.
Keywords: Microwave strip lines, DGS, Band pass filter and Dielectric resonator

Introduction
Defected ground structure on the back of the filter improves the harmonic suppression
characteristics of band pass filter[6].This extraction method shows how to design a micro strip
high-low pass filter by combining an arrow head shaped defected ground structure with
multilayer circuit fabrication techniques. [2]DGS elements have been shown to provide a mean
of shrinking the size of passive circuits such as low pass filter. The key is determining the size
area of a selected DGS shape by correlating its area to the equivalent circuit. Inductance and
capacitance required for a Particular filter design as might otherwise be realized by conventional
micro-strip-line in addition to the smaller size, they deliver even sharper filter cutoff than
conventional micro-strip it has a conventional micro-strip and strip-line technology and can be
used creatively in multilayer filter architecture for further saving in circuit real state geometrical
resonators. Dielectric resonator (DR) offers a lot advantages in increasing the performance of RF
and microwave devices which make it as an ideal Ultra-Wideband Dielectric Resonator Bandpass Filter[4].
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It is wireless application; low design profile and wide bandwidth Dielectric resonators are
mainly designed to replace resonant cavities in microwave circuits such as filters and oscillators.
Like resonant cavities, they present the resonant modes of frequency determined by the
dimensions and high Q-factors. The advantages of dielectric resonators are more compact, higher
temperature stability and easy to use. The dielectric resonators are also usually shielded to
prevent radiation as well as maintain a high-Q that required by filters and oscillators circuits. As
dielectric constant increases, Q-factor decreases.
The DR filters are good for mobile and satellite communications. A typical DR filter consists of
a number of dielectric resonators that are mounted in a planar configuration to obtain a good
resonant frequency [5]. The relative dielectric constant of the materials for constructing DR in
microwave filters generally was chosen from a higher value compared to the base substrate. The
primary advantage in using a high dielectric constant is to miniaturize the filter size. The size of
DR filter is smaller than the dimension of waveguide filters operating at the same frequency.
Furthermore, these DR filters are employed to replace waveguide filters in applications such as
satellite communication systems where the planar filters cannot be used because of their
inherently high loss. In this paper, a novel band-pass filter that consists of three dielectric
resonators were excited with micro-strip line that were used to increase the bandwidth of a bandpass filter. The idea of using the three dielectric resonators is to generate additional frequency
which can merge together to produce wideband devices, increase the transmitting power and
reduce the insertion loss. The optimum coupling effect in the filter was obtained from the
matching position of the resonators on the micro-strip line.

Design Methodology
The dielectric resonator can increase Q-factor in a circuit. The size, location and shape of the
dielectric were influencing the matching of the circuit. In this project, three dielectric resonators
were excited with a micro-strip line in order to obtain the optimum coupling effect. [3,4]The
dielectric resonators offer advantages in increasing the signal transmission performance of RF
and microwave devices. The match combination of dielectric resonators and microwave circuit
capable to generate additional coupling effect that can be merged together to produce a wideband
device as well as increasing the transmitting power and reduce the insertion loss. This
combination proficiently produces a low design profile. The dielectric constant is a parameter
that reflects the capability of a material to confine a microwave. The higher this parameter means
better in term of microwave confinement in the substrate. There is an inversely proportional
relation between size and dielectric constant. A high dielectric constant is required to reduce
circuit size of a device. A significant miniaturization can be achieved, thus high quality filters
can be realized. The main difference lies in the fact that the wavelength in dielectric materials is
divided by the square root of the dielectric constant, εr in a function of guided wavelength = free
space wavelength /square root of relative permittivity
λg = λ0 / √ εr
where λ0 is the free space wavelength at the resonant frequency. Moreover, unlike resonant
cavities, the reactive power stored during resonance is not strictly confined inside the resonator
[10]. The leakage fields from the resonator can be used for coupling or adjusting the frequency.
The wavelength inside the DR, λg is also inversely proportional to the square root of the
dielectric. The resonant frequency and radiation Q-factor can be varied even dielectric constant
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of the materials are fixed due to the dielectric resonators able to offer flexibility in dimensions. It
is amenable in integrating to existing technologies by exciting using probes, slots, micro-strip
lines, dielectric image guides or co-planar waveguide and DGS.
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Fig1,2,3showing the design structure and fig 4,5,6:- Shows the ,V.S.W.R ,group delay& lumped ports vs frequency,
without tuning of different dielectric ,resonators.
,

Fig 7:- Shows the different lumped ports at cut-off frequency 10 GHz, with Tuning of different dielectric resonator.

Conclusion
A band-pass filter was designed to operate at starting frequency of 3 GHz, without tuning the
dielectric resonator .If dielectric resonator tuned than it will give more accurate pass band
response by utilizing DGS Structure along with it, very small ripple at the pass-band insertion
loss and able to operate with a wide bandwidth up to 11GHz or more . The structure of the filter
is simple for ease fabrication process. The measurement values are closely agreed to the
simulation results by HFSS.
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Abstract—Surface finish in turning has been found to be influenced in varying amount by a number of factors such as feedrate, work material
characteristics, cutting speed, tool nose radius and use of cutting fluid. In this paper, an attempt has been made to model the surface roughness
control through response surface methodology in turning process. An experimental plan for controlling the surface roughness involving three
variables with eight responses has been employed to carry out experimental investigation and subsequently to establish the mathematical model
correlating the input process variables with responses. Also an extensive analysis of the influences of all the individuals input parameter on the
response has been carried out and presented in the research study.

Keywords— Surface finish, cutting speed, feed rate.
I. INTRODUCTION
URFACE finish is considered an important property of any industrial product as it describes its surface texture. It is a more
essential function of a machined component. For a perfect assembly with a desired fit it is to have an absolute minimum
variation in the surface texture. A study of surface finish enables to determine the deviations from the nominal surface
described by an engineering drawing. Different machining operations generate surface of different characteristics. Surface
generated by turning, milling, shaping, planing, grinding and super finishing show marked variations when compared with each
other . This variation is judged by the degree of smoothness. A surface generated by super –finishing is the smoothest on while
that by planing is the roughest. Such a judgment is based on visual inspection and it fails to differentiate between surface
produced by the same machining operation but under different cutting.4

S

Problem Statement
To produce a model and checked for potential inadequacies using two level factorial design procedure, it may then be used for
the purpose of quality and productivity design and improvement. We concerned with finding variable settings that produce a
desired surface finish for a machined part.8
We are concerned with the surface finish of a cylindrical part produced through a single point turning machining operation on
cast iron specimen. The specification for the part called for a normal surface finish 2540 nanometers the average surface finish of
the parts produced by the process was approximate 3048 nanometers. To identify how the process could be centered at the target
value of 2540 nanometers.
Here we identify three variable of interest: spindle speed, feed rate and tool nose radius. These variable are decided to perform a
23 factorial design to study the effect of the three variables or, and ultimately to develop a model for , the machined surface
finish.5
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Table 1: Variable levels for the surface finish experiment
Variable
Low (-1) level
High (+1) level
x1 : Spindle speed
2400
2600
(Rev/min)
x2 : Feed rate
0.127
0.254
(mm/rev)
x3 : Nose radius
0.397
0.79
(mm)
In selecting the levels for these three variables for the experiment, here selected levels spaced about the current operating
conditions for the process. The high and low levels selected for the three variable for the experiment are summarized in table 1.
Generalized method for the calculation of effects
A simplified calculation procedure which is easily extended for analyzing to level factorial design in three numbers of variables is
described as
Table 2: Test result for surface finish experiment
Test

x1

x2

x3

Y(nm)

1

-1

-1

-1

1320

2

+1

-1

-1

1600

3

-1

+1

-1

5410

4

+1

+1

-1

5232

5

-1

-1

+1

787

6

+1

-1

+1

711

7

-1

+1

+1

2794

8

+1

+1

+1

2667

If we multiply the column correspond to x1 with column of data y then divide by sum that is equal to four we would have the main
effect of spindle speed (N = total number of test = 23 )
Table 3: Generalized method for the calculation of effects E1, E2 & E3
x1 y
-1 x 1320
+1 x 1600
-1 x 5410
+1 x 5232
-1 x 787
+1 x 711
-1 x 2794
+1 x 2667
∑ x1 y = -101

x2 y
-1 x 1320
-1 x 1600
+1 x 5410
+1 x 5232
-1 x 787
-1 x 711
+1 x 2794
+1 x 2667
∑ x2 y = 1685

x3 y
-1 x 1320
-1 x 1600
-1 x 5410
-1 x 5232
+1 x 787
+1 x 711
+1 x 2794
+1 x 2667
∑ x3y = -6603

E1 = ∑

x1 y
= -101
= -25.25
4
4
E2 = ∑ x2 y
= -11685 = 2921.25
4
4
E3 = ∑ x3 y
= - 11685 = -1652
4
4
To obtain the interaction effects ( E12 , E13 , E23 and E123) we may form the cross product columns x1x2, x1x3,x2x3 and x1x2x3 .
The two and three variable interaction can now easily be calculated for instance, to calculate the interaction between spindle
speed and feed rate E12 . We multiply the column x1x2 by the column y , sum algebraically and then divide the sum by 4.
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Table 4 Generalized method for Calculation of effects E12 , E13 , E23 & E123
x1x2 y
x2 x3 y
x3x1 y
x1x2x3y
+1 x 1320
+1 x 1320
+1 x 1320
-1 x 1320
-1 x 1600
+1 x 1600
-1 x 1600
+1 x 1600
-1 x 5410
-1 x 5410
+1 x 5410
+1 x 5410
+1 x 5232
-1 x 5232
-1 x 5232
-1 x 5232
+1 x 787
-1 x 787
-1 x 787
+1 x 787
-1 x 711
-1 x 711
+1 x 711
-1 x 711
-1 x 2794
+1 x 2794
-1 x 2794
-1 x 2794
+1 x 2667
+1 x 2667
+1 x 2667
+1 x 2667
∑ x1x2y =-509 ∑x2x3y =-3759 ∑ x3x1y = - ∑ x1x2x3y =
305
407
E12 = ∑ x1x2 y
= -509 = -127.3 nm
4
4
E23 = ∑ x2 x3 y
= -3759 = -939.7 nm
4
4
E31 = ∑ x3x1 y
= -305 = -76.25 nm
4
4
Similarly three way interaction can be calculated by
E 123 = ∑ x1x2x3y = +407
= +101.75nm
4
4
Model Development
In two – level factorial designs we have seen that important variables and interactions can be distinguished from those that are not
important using several techniques. One of the primary motivation in our study of two level factorial design was to
mathematically describe the relationship between the experimental response and the variable manipulate during the experiment. 10
Equation used to predict the response as a function of the independent variable Y = b0 + b1 x1 + b2 x2 + b3 x3 + b12 x1 x2 + b13 x1 x3
+ b23 x2 x3 + b123 x1 x2 x3 + €
In analyzing 2k factorial design we may express the experimental response using a model of the form of above eq. for 2 k factorial
design there is a model coefficient associated with each of the 2k -1 main and interaction effects , plus the mean response b 0 for a
2k factorial design , estimates of the model coefficients may be obtained directly from the effect estimates . The coefficient
estimates are simply the effect estimates divided by 2
bi =Ei /2
Thus a calculated effect. Ei is an estimate of the true mean effect and bi is an estimate of the model coefficient. Rewriting the
coefficients.
E1 = -25.25,
E2 = 2925.1,
E3 = -1652
E12 = -127.3,
E31 = -76.25 ,
E23 = -939.7 , E123 = 101.75
Normal Probability Plot
It is a graphical method to check whether or not a set of data could be considered as arising from a normal distribution, .Plot is
constructed for data drawn from single normal distribution, the data will fall along / about a straight line. In addition, if all the
data in a simple do come from the same normal distribution with the exception of few data points, the normal probability plot will
show these exceptional points to distribute themselves off a line that passes through the other points. Following the procedure ,
we need to first arrange the effect estimates in ascending order and estimate their corresponding cumulative probabilities using.9
Pi = 100(i-1/2)
i = 1,2………..(23-1)
4
2 -1
Table 5 contains all the information required to make the normal probability plot
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Table 5 : Data points for the normal probability plot.
Order
Number , i
1
2
3
4
5
6
7

Effect
estimates ,
Ei
-1652
-939.7
-127.3
-76.25
-25.25
101.75
2925.1

Identity of
Effects
3
23
12
31
1
123
2

Cumulative
Probability
pi(%)
7.14
21.43
35.71
50.00
6429
78.57
92.86

Since only the significant effects(model coefficients) need to be included in the model, the fitted model for surface is given by
Y = b0 + b2x2 + b3x3 + b23x2x3
Values of coefficient can be calculated as
b0 = average = 2565.1, b2 = E2/2 = 1462.5
b3 = E3/2 = - 826 , b23 = E23/2 = - 469.9
Y = 2665.5 + 1462.5x2 - 826x3 - 469.9x2x3
Table 6 Predicted response and model Residuals for surface finish Experiments.
Test
x1
x2
x3
xi (nm)
y (nm) Ei = yi -y
(µm)
1
-1
-1
-1
1320
1458.7
-0.1387
2
+1
-1
-1
1600
1458.7
0.1413
3
-1
+1
-1
5410
5323.5
0.0865
4
+1 +1
-1
5232
5323.5
-0.0915
5
-1
-1
+1
787
746.5
0.0405
6
+1
-1
+1
711
746.5
-0.0355
7
-1
+1 +1
2794
2731.7
0.0623
8
+1 +1 +1
2667
2731.7
-0.0647
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With a model for surface finish now developed , it must be checked for any potential inadequacies through study of the model
residuals.
If we plot graph between model residual and cumulative probability , most of the residual seem to fall on a straight line on the
normal probability paper and are centered approximate at zero,
Fitted model for quality improvement
With a prediction model now developed and checked for any potential inadequacies , now to find values for spindle speed , feed
rate, nose radius that center the turning process at a surface finish of 2540 nanometers, on the average9
Y = 2565.1 + 1462.5 x2 – 826x3 – 469.9x2x3
Solving eq for x3
x3 = y – 2565.1 - 1462.5x2
-826 – 469.9x2
A convenient way to simultaneously examine the effect of variable 2 ( feed rate ) and variable 3 ( nose radius )on the predicted
response is a counter plot
Table 7 : Contour calculations for y = 2540 nm
x2
x3
-1
-4.036
-0.8
-2.542
-0.6
-1.565
-0.4
-0.876
-0.2
-0.365
0.0
-0.031
0.2
0.345
0.6
0.814
0.8
0.994
1.0
1.147

An examination of above fig shows that there are a number of combinations of variables x2 and x3 that produces a predicted
surface finish of 2540 nm , based on countour plot, select the largest value for x2 ( feed rate ) corrensponding to an x3 ( nose
radius) value of +1 , the reasoning behind the selection of the particular x 2 , x3 combination was that in addition to it producing
the predicted surface finish of 2540 micromilimeter the larger value of x 2 would also lead to higher productivity led to selection
of the level for variable x1 (i.e. x1 =+1) .following combination being selected1
x1 = +1 , x3 = +1 , x2 + 0.8

852

J.C. Bose University of Science and Technology, YMCA, Faridabad

Transformation to and from the code Variable space
To find the feed rate corresponding to the from values of x3 calculated above , which are in coded form, recall that low level of
feed rate movement was 0.127mm/rev ( x2 = 1) and the high level was 0.254 mm/rev ( x2 = +1)
To find the desired Feed values , we use the following transformations ;2,3

R = r-1 + r+1 + x( r+1 - r-1 )
2
2
Where x is the coded level associates with the actual level for a variable, R. Here r-1 is the low level for the variable
(0.127mm/rev for feed rate ) and r+1 is the high level for the variable ( 0.254mm/rev for feed rate ) using eq we obtain the desired
value for feed rate,
R = 0.127 + 0.254 + (0.8) (0.254 - 0.127) = 0.241
2
2
mm/rev when (x1,x3) = (+1, +1)
When above result ( spindle speed = 2600 rev/min, when feed rate = 0.241 mm/rev and nose radius = 0.79mm)
were applied to turning process the process was indeed recentered at approx 2540 nm.. so the selected conditions provided for a
very substantial increase in the productivity from the original operating conditions.

CONCLUSIONS
The following conclusions has been drawn by investigations of control of surface roughness.
1 The two level design of experiments is found to be useful for analyzing the effects of machining parameters in surface finish. A
total of eight sets of conditions provide information’s of the main effect of three parameters and their interactions with one
another.
2 A mathematical model has been framed for controlling surface roughness of machined surface a linear relationship was found
between feed rate & nose radius.
3 Feed rate has significant effect on surface finish.
4 Spindle speed produces negligible effect on surface finish.
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Abstract
This paper examines the performance of selected mutual fund schemes, that the risk profile of the
aggregate mutual fund universe can be accurately compared by a simple market index that offers
comparative monthly liquidity, returns, systematic & unsystematic risk and complete fund analysisby
using the special reference of Sharpe ratio and Treynor’s ratio. The fluctuating characteristics of the
mutual fund schemes in the benchmark portfolio allows us to evaluate appropriate required rates of return
and switch it as of market returns. This simple analysis produces a number of unique predictions about the
cost of capital of different mutual fund schemeswith the help of different models and its impact on
alternatives investment analysis for the investors in the most fluctuated capital market scenario.
INTRODUCTION
Mutual funds are mobilizing savings, particularly from the small and household investors, for investments
in stock and money market. Basically, these institutions have professional fund managers, capable of
managing funds very prudently and profitably of individuals and institutions that may not have such high
degree of expertise or may not have adequate time to cope with the complexities of different investment
avenues, legal provisions associated therewith and vagaries and vicissitudes of capital markets. Mutual
funds, thus, provide an alternative to the investors, who instead of making direct investments in shares or
bonds through public issues or through secondary market subscribe to the corpus of mutual funds.
Investors can reap all the benefits of good investment through mutual funds like enjoying growth in those
scrips in which he might not have otherwise invested, holding a balanced and well-diversified portfolio,
better returns due to specialized and professional management of funds etc.
Mutual funds raise funds by selling their own shares also known as units. When an investor owns shares
in mutual funds he owns a proportional share of their securities portfolio. In other words, share of a
mutual fund actually represents a part share in many securities that it has purchased. Mutual fund share
certificate combines the convenience and satisfaction of owning shares in many industries. Thus, mutual
funds are investment intermediaries, which pool investors’ funds, acquiring individual investments, and
pass on the returns thereof to the investors, Besides Investment business, mutual funds may also
undertake, if permitted, underwriting and other merchant banking activities.
In India, Mutual Fund concept took roots only in sixties, after a century old history elsewhere in the
world. Realizing the needs for a more active mobilization of household savings to provide investible
resources to industry, the idea of first mutual fund in India was born out of the far sighted vision of Sri T.
Krishnamachari the then Finance Minister. He wrote to the then Prime Minister Pandit Jawahar Lal Nehru
outlining the need for an institution which would serve as a conduit for these resources to the Indian
Capital market, and RBI was entrusted to create this special Institution. While introducing Unit Trust of
India (UTI) Bill in Parliament Sri Krishnamachari observed, “I would christen this attempt as an
adventure in small saving and I am confident that we are embarking on this adventure with every hope of
being successful”. He highlighted UTI as “an opportunity for the middle and lower Income groups to
acquire without much difficulty property in the form of shares. UTI, in 1964 started with a unit scheme
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popular as US-64.
Since Unit Trust of India was the result of a special enactment, no other open ended mutual fund activities
could emerge because of restrictive conditions of Indian Companies Act 1956. Of course, close ended
investment companies existed for in house investments as well as portfolio Investment for a long time.
But their activities were again on a restricted scale. No company came out with public issue for a long
time. The first among such companies which offered their shares to public were Growth Fund of India
Limited and Nagarjuna Investment Trust Limited.
The future looks bright for the industry in India, going by a recent study conducted by the Associated
Chamber of Commerce and Industry of India and AMFI. The report predicts that the mutual fund industry
is expected to jump sharply from its present share of 4% in GDP to 40% in the coming years, provided
the country’s growth rate consistently exceeds 6% per annum. The report says that by 2022, the size of
Indian Mutual Fund Industry is estimated to go up to over Rs. 165000 cr. It suggests that India is going to
follow the pattern seen in the developed markets such as the US where the size of the industry is 70% of
the GDP. The worldwide size of the industry is about 35% of GDP.
There is no doubt that the mutual fund industry in India has come a long way witnessing significant
structural changes from a monolithic structure to a competitive one. With the Indian economy on a high
growth trajectory, improved corporate performance, ongoing economic reforms, rising income and higher
saving levels make the industry’s future look bright. However, this would not mean survival for all. The
competition is going to be tough. And, size is going to play an important role in the game of survival.
There is no doubt that those with capabilities – both in terms of size of the assets under management and
investment skills – are going to rule the investment management scene.
With the objective of improving market efficiency, increasing transparency, integration of national
markets and prevention of unfair practices regarding trading, a package of reforms comprising measures
to liberalize, regulate and develop capital market was introduced.
An important step has been the establishment of the Securities and Exchange Board of India (SEBI) as the
regulator for equity markets. Since 1992, reform measures in the equity market have focused mainly on
regulatory effectiveness, enhancing competitive conditions, reducing information asymmetries,
developing modern technological infrastructure, mitigating transaction costs and controlling of
speculation in the securities market. Another important development under the reform process has been
the opening up of mutual funds to the private sector in 1992, which ended the monopoly of Unit Trust of
India (UTI), a public sector entity. These steps have been buttressed by measures to promote market
integrity.
The Indian capital market was opened up for foreign institutional investors (FIIs) in 1992. The Indian
corporate sector has been allowed to tap international capital markets through American Depository
Receipts (ADRs), Global Depository Receipts (GDRs), Foreign Currency Convertible Bonds (FCCBs)
and External Commercial Borrowings (ECBs). Similarly, Overseas Corporate Bodies (OCBs) and nonresident Indians (NRIs) have been allowed to invest in Indian companies. FIIs have been permitted in all
types of securities including Government securities and they enjoy full capital convertibility. Mutual
funds have been allowed to open offshore funds to invest in equities abroad.
REVIEW OF LITERATURE
Review of previous studies provides the need and justification for the research work to be undertaken, and
research methodology explains the research process. Researcher and practitioners have produced literature
covering different aspects of mutual funds. A variety of technical and quantitative measures have been
developed to assess and compare the financial performance of mutual fund schemes as well as the
performance of funds managers. These measures provide the methods of comparing risk-adjusted returns
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of a portfolio with other portfolios or with benchmarks.
Friend, et al., (1962), have done an extensive and systematic study of mutual funds. The study
considered 152 mutual funds with annual data from 1953 to 1958. Using their own benchmark the authors
found that mutual funds earned an (un weighted) average annual return of 12.4 per cent, while their
composite benchmark earned a return of 12.6 per cent. Their alpha-of-sorts was a negative 20 basis
points. On the whole, it was revealed that overall results did not suggest widespread inefficiency in the
industry. The study also compared returns of the funds across turnover categories and expense categories.
The analysis did not reveal a strong relationship between turnover rates and performance. The same was
found true in respect of expenses.
Treynor and Mazuy (1966) found no statistical evidence that investment managers of any of the 57
funds had successfully outguessed market. The results suggested that an investor in mutual funds was
completely dependent on fluctuations in the general market. This is not to say that a skilful fund
management cannot provide investors with a rate of return that is higher in both bad and good times than
the one provided by market averages. But it did suggest that improvement in the rate of return was due to
the fund manager’s ability to identify under priced industries and companies, and not because of their
ability to outguess turns in the level of market as a whole. These findings were based on the earlier
developed methodology for reviewing the performance of fund management (Treynor’s, 1965).
Jensen (1968) developed a composite portfolio evaluation technique that considered returns adjusted for
risk differences and used it for evaluating 115 open-ended mutual funds during the period 1945-66. For
the full period, Jensen examined returns net of expenses and gross of expanses. The analysis of net returns
indicated that 39 funds (34 per cent) had above average returns adjusted for risk, while 76 (66 per cent)
experienced abnormally poor returns. Using gross returns, 48 funds (42 per cent) showed above-average
results and 67 (58 per cent) had below-average results. Jensen concluded that evidence on mutual fund
performance indicated not only that these 115 mutual funds were on an average not able to predict
security prices well enough to outperform buy the-market-and-hold policy, but also that there was very
little evidence that any individual fund was able to perform significantly better than expected from a
mere random chance.
Levy (1968) pondered upon the importance to develop an accurate and complete measure of investment
performance. In an attempt to develop theoretically sound measures of risk and return in portfolio
evaluation, study focused on Sharpe's measure and put forward some modifications in the Sharpe's
methodology for calculation of risk and return. Researcher advocated the use of geometric mean against
simple arithmetic mean of sub-period return and vulnerability for variability as used by Sharpe (1966).
Meyer's (1977) findings based on stochastic dominance model re-validated Sharpe's findings with the
caution that these were relevant to the mutual fund performance in designated past period rather than
implications for the future.
Carlson (1970) examined the overall performance of mutual funds during the period 1948-1967 with
emphasis on analyzing the effect of market series used over different time periods. The analysis of
performance relative to the market indicated that results were heavily dependent on the market series
used, viz., S & P 500, NYSE composite, or DJIA. For the total period, almost all fund groups
outperformed DJIA, but only a few had gross returns that were better than those for S & P 500 or NYSE
composite. Although there was consistency over the time period for risk and return taken alone, there was
no consistency in the risk adjusted performance measures. Carlson also analyzed performance relative to
size, expense-ratio, and a new-funds factor. The results indicated no relationship with size or expense
ratio although there was a relationship between performance and a measure of new cash into funds.
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Wermers (2000) in his study used two databases in the analysis of mutual fund returns. The first database
contains quarterly portfolio holding for all US equity mutual funds existing at any time between January
1975 and December 1994. The second mutual fund database is available from CRSP and used by Carhart
(1997). The study found that funds which hold stocks outperform the market by 1.3 % per year, but their
returns under-perform by 1 %. Of the 2.3 % difference between these results, 0.7% is due to the
underperformance of non- stock holdings, whereas 1.6% is due to expenses and transaction costs. Thus,
the funds pick stocks well enough to cover their costs.
KshamaFernandes (2003)evaluatedindexfund implementation inIndia. In this paper, tracking error of
index funds in India is measured .The consistencyandleveloftrackingerrorsobtainedbysomewellrunindexfundsuggestthatitispossible to attain low levels of tracking error under Indian conditions. At
thesame
time,
there
do
seem
to
be
periodswhencertainindexfundsappeartodepartfromthedisciplineofindexation.
Antonella Basso and Stefania Funari (2004) tackle the problem of the presence of negative average rate
of returns in the computation of the performance of ethical mutual funds. The presence of these negative
values raises problems both in the computation of the classical performance indicators and in DEA
modeling. In this paper we propose a suitably adjusted DEA model which allows the presence of non
negative outputs. The model is applied to data on the UK market of ethical mutual funds.
K.Pendarakietal.
(2004)
studiedconstructionofmutualfundportfolios,developedamulticriteriamethodologyandapplieditto
theGreekmarketofequitymutualfunds.Themethodologyisbasedonthecombinationofdiscreteand continuous
multi-criteria decision aid methods for mutual fund selection and composition. UTADIS multicriteriadecisionaidmethodisemployedinordertodevelopmutualfund’sperformancemodels.
Goal
programming model is employed to determine proportion of selected mutual funds in the final portfolios.
OBJECTIVES OF THE STUDY
The present study focuses on the performance evaluation of growth fund schemes of various mutual funds
operating in the country. The specific objectives of the study are as follows:
1. To evaluate the performance of mutual funds with special reference to Sharpe model and
Treynor’s model.
2. To compare the performance of mutual funds on the basis of benchmark index and bring out which
scheme is outperforming or underperforming with in specified schemes.
RESEARCH METHODOLOGY
As many researchers conducted to evaluate the performance of the mutual funds have proved that this is
a matter of concern for the researcher, academicians, fund managers and financial analysts. These
researches are the matter of criticism on the various grounds such as number of samples, time period of
the research or the selection of a particular scheme. This study is an effort of its own kind to contribute
to this field and may open up avenues for further intensive research on its different related aspects of
portfolio management practices.
In order to achieve the investment objective mutual funds are adopting various types of strategies. The
study is entirely based on the secondary data. The scope of the study is kept limited to the time period of
4 years (April 2014 to May 2018). The sample consists of 6 mutual fund schemes, which are chosen at
random basis. It is important to point out that NAVs have been taken on monthly basis. The data
regarding the NAV’s and return of these 6 mutual fund schemes have been noted from SEBI annual
reports and “www.amfiindia.com”. The BSE Sensex was used as the proxy for market index and each
scheme has been evaluated with respect to this benchmark.
Return alone should not be considered the basis of measurement of performance of a mutual fund
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schemes, it should also include level of risk undertaken and diversification of funds. The excess of
portfolio return, over the risk less return is an indication of the overall portfolio performance. The study
considered interest rate on treasury bills as risk-less return in view of the average yield being 5 percent
during the study period.
NET ASSET VALUE
NAV has been obtained from the different sources such as:
1. SEBI annual reports
2. Economic Survey
3. Economic Times
4. Companies Annual Reports
5. AMFIINDIA
The portfolio return calculated on the basis of NAV does not consider any change in the market price but
considers the change in the net asset value of mutual funds units during the period.
Portfolio’s return (RP) is calculated by using the following formula:

RP



(NAVt  NAVt 1 )Dt  Ct
NAVt 1

Rp = Portfolio return
NAVt= Net asset value in time period t
NAVt-1 = Net asset value in the period t-l
Dt = dividend in the form of bonus distributed in the period t
Ct = cash dividend distributed in the time period t
Year-wise returns have been calculated for all mutual funds’ schemes since their commencement of the
study period i.e. from April 2014. The portfolio return Rp was computed in the manner prescribed above
on a monthly basis. The holding period return has been computed with the process of geometric mean of
monthly NAV based returns. The formula for the geometric mean has been used as follows:
Holding period return (HPR) =

[{ R pt 1  R p t  2  .........R p t  n }]

The same procedure is adopted to calculate the benchmark portfolio return.
This section has been written to study the performance of selected mutual fund schemes on the basis of
analysis tools meant for Return Analysis, Risk Analysis, and Systematic Analysis. At the very outset, an
effort is made to evaluate the performance of sample schemes in terms of average annual returns.
In the 6 mutual fund schemes were examined under the study of the table 1.3 (b). In the case of 5 mutual
fund schemes calculated values was found higher than the t-value at the 5% level of significance. In such
cases systematic risk plays a significant role in determining their returns. But in the case of remaining
mutual fund schemes calculated value was found less than the table value at 5% level of significant. In
this case systematic risk plays an insignificant role in determining the returns of such schemes.
Considering the fact 4 schemes out of 6 are being impacted by the systematic risk, so the role of this
factor in securing returns on mutual fund schemes cannot be underestimated. Out of the 5 impacted
schemes, prominently affected schemes are Morgan Stanley, Franklin India (Growth). On the other hand
the least affected schemes by the systematic risk factor are; Birla Sun Life Basic Inds. Fund (Dividend),
Reliance Growth Fund (Growth).
This section has been written to describe the performance of selected mutual fund schemes based upon
application of specific models meant for performance analysis.
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SHARPE MODEL
In this model, performance of a fund is evaluated on the basis of Sharpe ratio, which is the ratio of returns
generated by the fund over the risk free rate of return and the total risk associated with it. According to
Sharpe, it is the total risk of the fund that investors are more concerned about. So, the model evaluates
funds on the basis of reward per unit of total risk. Symbolically, it can be written as:
Sp
= (RP - RF)/σ p
SP =
Sharpe’s index
RP= Portfolio average return
RF=Risk free rate of return
σP= Standard deviation of the return
Here, the benchmark is the ratio of market portfolio returns over the risk free rate of return with market
portfolio’s standard deviation and can be calculated as follows:
SM = (RM - RF)/σ M
SM=Sharpe index of benchmark portfolio
RM =Market average return
RF =Risk free rate of return
σ M=Standard deviation of market
While high and positive ratios show a superior risk- adjusted performance of a fund, a low and negative
ratio is an indication of unfavorable performance.
TREYNOR’S MODEL
Developed by Jack Treynor, this performance measure evaluated funds on the basis of Treynor Index.
This index is a ratio of return generated by the fund one and above the risk free rate of return (generally
taken to be return on the securities backed by the government) during a given time period and the
systematic risk associated with it is measured by Beta. This is called a reward to volatility ratio.
Symbolically, it can be represented as:
Treynor’s Index (Tp) = (Rp - RF) / β P
RP
=
Portfolio average return
RF
=
Risk free rate of return
βP
=
Slope of the characteristic line
The benchmark for comparison with this measure of performance is (RM - RF)/βM
As the βM is the beta of market portfolio, itis always taken to be one. Hence denominator is always one.
All risk adverse investors would like to maximize this value while a high and positive Treynor’s Index
shows a superior risk-adjusted performance of a fund, a low and negative Treynor’s Index is an indication
of unfavorable performance.

ANALYSIS & CONCLUSION
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The table 1.3 shows the average value was found to be -0.0183. The result shows Sharpevalue and
Treynor’s value of U T I Money Market Fund (Dividend), Franklin India Blue-chip Fund (Dividend) were
having positive value that indicates the superior performance among the diversified funds than the
market, while one mutual fund schemehad negative value in the analysis that indicates the inferior
performance in comparison to the market.
As compared the average value of Sharpe Index and Traynor’s Ratio of sampled schemes with the market
index, 82 percent (5 out of 6) schemes have better performedand have shown good risk-adjusted
performance. Only F T India Monthly Income Plan (Growth) is a scheme, which yields a negative value,
which is less than market. When sample average of Sharpe Index & Treynor’s are compared to their
individual schemes’ measure it is found that 18% (1 out of 6) schemes have registered better and
favorable risk adjusted performance. The remaining schemes with the value of Sharpe Index& Traynor’s
Ratio less than the average value of both of the models indicate low and unfavorable performance.
Among the various schemes the U T I Money Market Fund (Dividend), which is followed by the Birla
Advantage, which obtained the second rank, obtains first rank and the Franklin India Blue-chip
Fund(Dividend) scheme obtains third rank. On the other, hand as stated earlier, F T India Monthly
Income Plan(Growth)had a negative value so gotten the 6th rank, the Reliance Growth Fund (Dividend)
5th rank. Thus, it appears from the predominance of positive as that the funds were able to forecast future
security prices well enough to recover their research expenses, management fees and commission
expenses i.e. there is abundance of funds where the managers have been able to add value to the portfolio
over the returns of any random selection of securities.On the basis of the study it can be safely concluded
that most of the mutual fund schemes are performing very well and going to play a very crucial and
decisive role in the capital market in the times to come.
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Table 1.1
Sample Profile of the selected Mutual Fund Schemes
S.No.
Year
of
Name of the Scheme
Commencement
1.
Birla Sun Life Basic Inds. Fund
1994
2.
F T India Monthly Income Plan
2000
3.
Franklin India Blue-chip Fund
1999
4.
Morgan Stanley Growth Fund
1994
5.
Reliance Growth Fund
1995
6.
U T I Money Market Fund
1997
Sources: - SEBI annual reports, Economic Survey, Financial Express

Types of Scheme
Dividend
Growth
Growth
Growth
Dividend
Dividend

Table 1.2
Return and Risk Coefficient of Various Sample Schemes
(April 2014-April 2018)
S.No.

Fund Schemes

Return

σ

Beta

1
2
3
4
5
6

Birla Sun Life Basic Inds. Fund(Dividend)
F T India Monthly Income Plan(Growth)
Franklin India Blue-chip Fund(Dividend)
Morgan Stanley Growth Fund (Growth)
Reliance Growth Fund (Dividend)
U T I Money Market Fund (Dividend)

0.1928
0.0248
0.0237
0.0091
0.0085
-6.379

0.0751
0.0522
0.0759
0.0701
0.0807
0.0028

BSE Sensex

0.0138

0.0666

0.9102
0.6394
1.004
0.973
0.7687
-0.009
0.7143

Risk
Free
Rate
.5
.5
.5
.5
.5
.5

Sources: - Companies annual reports, Economic Survey, Financial Express
Sharpe’s Index of Sample Schemes (TABLE 1.3)

Rank
5
6
3
2

Fund Schemes

Sharpe
Index

Birla Sun Life Basic Inds. Fund(Dividend)
F T India Monthly Income Plan(Growth)
FranklinIndia Bluechip Fund(Dividend)
Morgan Stanley Growth Fund (Growth)

-0.103
-0.0077
-0.12
-0.102

Treynor,s
Ratio
-0.523
-0.76
-0.482
-0.494
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4
1

Reliance Growth Fund (Dividend)
U T I Money Market Fund (Dividend)

-0.12
0.001
BSE Sensex
-0.00274
Sources: - Companies annual reports, Economic Survey, Financial Express

-0.623
2.84
-.007
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INDIA ECOMMERCE - IMPACT ON SMALL AND MICRO
BUSINESSES
Dr. Rashmi Chauhan
B S Anangpuria Institute of Technology and Management,Faidabad, India
ABSTRACT

Large and Medium businesses define shape of any economy and their performances usually
describe future and employability for any country however India is driven by growth engine of
Small and Micro enterprises responsible for creating productive jobs and plays a crucial role in
development of country. India in its silver year of liberalization is spearheading world growth
chart with eCommerce in world’s fastest growing economy is expected to reach $1 Trillion by
2020 well supported by factors like declining broadband charges, availability of low cost Smart
phones, demonetization, digital India initiative etc.
eCommerce in India driving growth for Small and Medium businesses by providing immense
opportunities, larger audiences to present their products & services, the costs and different
factors involved in doing eBusiness are increasing attrition rate and proving barrier to entry to
Small and MicroBusinesses.
This paper will present key challenges faced by Small and Micro Enterprises while offering their
products electronically at major platforms available in India.
Keywords: eCommerce, Micro, Small and Medium Enterprises (MSMEs), Indian economy,
Digitalisation

INTRODUCTION

Indian economy post liberalization shaped by Micro, small and medium enterprises which as per
forth census of MSMEs in 2015-16, employs around 805.24 lakhs workforce responsible for
10,77,21,286 lakhs in gross output contributing 37.54% in GDP in analysis year 2012-13. This
data compiled by Ministry of Micro, Small and Medium Enterprises considered both registered
and unregistered sectors however business in India is much more beyond this figure with
unregulated small and micro businesses involved in retailing, manufacturing, wholesaling,
services etc like vegetable vendors, paanwalas, street side general store merchant, Chaatwaalas,
barber shops, daily wagers etc, most of them does not fall under the ambit of such surveys and
analysis.
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While most of the medium enterprises are well equipped technologically and monetarily, Small
and Micro enterprises struggles with every market fluctuation or anything that increases their
overhead expenses like demonetization which logically was a correctional step to eradicate black
money but proving dear to small and micro businesses like kirana stores which are losing their
business to well equipped counterparts, vegetable vendors to internet companies like big baskets,
farmers not getting payment from agents or middle men due to cash crunch etc are some of the
issues faced by them.
One way to cope up with such situations are taking business online which in India though in its
nascent stage, growing tremendously. Online business or eCommerce is doing business
electronically from selling and buying products, services, groceries to almost everything physical
or virtual can be channelized through eCommerce.
eCommerce in India according to ASSOCHAM – Forrester study currently pegged at $26 billion
and expected to jump to $103 billion in year 2020 with 51% average annual growth rate. This
growth fuelled by lowering broadband chargers, affordable smartphones reaching rural
audiences, eCommerce companies building their network and reaching tear 2 and tear 3
customers etc are expected to jumpfurther.
Indians currently own about 371 million smartphone while total teledensity stands at 1058.86
million i.e only 30% of population using are using phones equipped with Internet however this
gap is filling fast with fall of smartphone prices and war between telecom operator instigating
free or low data rates result is more users visiting and shopping on eCommerce websites. One of
the Worldpay’s research concluded that approx 350 million Indians are already online and
expected the figures to reach about 600 million in year 2020.
All of this data sounds like ocean of opportunities for everyone doing business online as anyone
can guess what 600 million people means once they start shopping however scenario in current
situation are not that rosy what it looks like for small and micro businesses as cost of doing
business on internet is much more than just product cost + margin. The complexity involved
specially in doing business online is beyond the capacity of most of Micro and Small businesses.
Lets take a close look of the issues that Micro and Small businesses are facing or impact of them
in short and long run.

Cost of Doing Business over Internet

eCommerce is an attractive avenue of doing business in India having huge footfall increasing
probability of selling products and services more than that in physical store situated in a haat or
market. Unlike retail stores where expenditure and profits can be predicted, its complicated
while doing business online as there are numerous hidden factors involved which not only effect
the pricing but also turnover andprofits.
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Amazon and Flipkart are 2 pillar of Indian eCommmerce industry fetching majority of traffic and
sales are usually first natural choice for many micro and small businesses wanting to expand
their business or looking for more buyers. Let’s assume a micro or small business is involved in
manufacturing or trading of cotton t-shirts decided to start business with these portals. It may be
noted that selling on marketplaces involved thorough research and analysis of similar products
offered on the platform by other sellers, their pricing, placement etc. For example lowest cost of
Small Size T-Shirt on AMAZON is INR. 124 and this business decided to price their T-Shirt for
INR150. Let us see what realization they can expect from the firstsale.
The cost charged per transaction or sale has different direct and indirect components. Direct
costs involved Referral Fees or category based commission, Shipping fees divided into 3 parts
viz Local, Zonal or National and varies by volume of package, Fixed fee charged by these
marketplaces includes delivery or collection chargers or payment gateway fee and servicetax.

Let us calculate remittance on 1st sale and what can they expect:
Amazon: Selling Price @ 150 – Fee @ 102.38 – Service Tax 15.36 @ 15%

*Calculation based on Amazon commission for apparel category 17%, 200gm package shipped nationally by
Amaon TransportationServices.

Flipkart: Selling Price @ 150 – Fee @ 127.50 – Service Tax 19.13 @ 15%

*Calculation based on Flipkart commission for apparel category 15%, 500gm package shipped nationally by
Flipkart Transportation. Marketplace fee included 15% commission, Fixed fee INR 10, Collection fee INR 25,
Shipping INR70.
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In first case where business sells through AMAZON, the remittance shall be only INR 32.26 and
meager INR 3.37 from FLIPKART. It may be noted that product cost is not considered so far in
this equation.
Now these charges are calculated with fixed direct cost. There are few indirect costs involved
while doing business online that changes the scenario like:
Returns – Most of the categories on eCommerce Marketplaces in India has 5 to 10% of returns
while few of them like Mobile accessories are even more. This result in loss in terms of Original
shipping charges, Collection fee, packaging and labor charges.
Reverse Pick Up Charges – Marketplaces in India are getting more customer sensitive and
some policies like this putting sellers on verge of closures and even bankruptcies. Customer if
don’t like the product may opt for reverse pick up arranged by respective marketplaces to return
the product at sellers cost. Flipkart charges INR 85 and Amazon INR 65 maximum from seller
and on top collection fee charged earlier was also not refunded.
Packaging – One of the cost that most business do not consider are packaging. Flipkart charges
INR 7.33 for their smallest box, INR 1.42 for Security bag and Flipkart tapes. They have
designated some sellers of these products and everyone involved in selling products on Flipkart
has to use these packaging. Also in most cases of returns, the primary and secondary packaging
needs to be replaced. Adding more cost.
Sponsored Product Ads – Almost every marketplace offer this premium services which can be
used to place product at top positions or first page of any specific search. Most customers
purchase products that are listed on first page of their searched criteria. This service provide
premium placements on these pages hence increasing chances of sale as compare to non
advertise products. This service require seller to purchase credit which are beyond the scope of
small and microbusinesses.
After aforementioned cost analysis we can conclude that a small of micro business involved can
hardly survive in these draconian cost structures. One of the biggest problem is lack of training
offered by these marketplaces or other authorities to these sellers which results in grave loss for
these cash strapped vendors. Though marketplaces have direct costs clearly written in their
tutorials and have different tools but factoring the indirect costs or trainings is missing.
The Micro or Small businesses may sustain in short run due to continuous remittance cycles but
chances are very grim in longer period unless all cost are factored in before or while selling the
product. One easy way to convert negative transaction is by increasing selling price but this
would simply result in loss of sale specially when competing with well finance medium and
large business with all means like advertisement, mark downs, brandings, offersetc.
It may again be noted that cost of making or procuring the product, primary packaging, labor are
not yet factored in above analysis. These Micro and Small businesses in most scenarios are on
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losing side which can effect employment and economy in long run unless some help pour in
from authorities or corporate or good Samaritans. Some of the recommended steps that Micro
and Small businesses take to overcome the business losses and cope up with changes in Indian
consumer purchasing habits are asbelow:
Business to Business eCommerce– B2B eCommerce is gradually growing across the world and
in India it is still in nascent stage. It is expected to grow to INR 45 lakh crore by 2020 hence
offering large potential to these Micro and Small businesses as they may sell their products in
bulk through these channel and saves on commission, shipping and other expenses that usually
involved in b2c business. Some of the services already available in India are Indiatradezone,
tradeindia, businessmartindia, sulekha etc. Some of the new players in this segment are working
overtime to ensure capitalization of B2B business and offer ray of hope to Indian Micro and
Small business. These new players are Alibaba, AmazonBusiness, POWER2SME,
Industrybuying.com, Bizongo.in, Tolexo.com, Justbuylive in this segment promises make it
moreexciting.
Cooperative Societies - Government can take this initiative or Micro and Small businesses can
themselves come together to form a cooperative society in each state which can work toward
educating them for the available opportunities and also offer their products to B2B and B2C
segments just like a corporate selling products procured from different manufactures by white
labeling. This collective branding will help them just like AMUL or Dabbawalas in Mumbai
which involved numerous households to fulfill demand of their products.
Click and Brick - Micro and Small businesses can come together to form much needed omni
channel in India. Though this required intensive mapping of business, their products and
services, inventory management, technical education etc but this is the need of today.
Government or Corporate can tap this opportunity which can offer ease of placing order online
and picking up the product from nearby stores. Walmart in United States offer such services to
their customers by giving option to place order on their website and giving option to select store
where merchandise will beavailable.
The Micro and Small businesses which suffer alot because of eCommerce website and shift of
consumer purchasing pattern from traditional retail to marketplaces can also utilize this
opportunity and evolve.
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ABSTRACT
The reason for the paper is to examine a model that sharpens supervisors and offers
direction to them with the goal that they grasp duty regarding the organization's activities
and empower a positive effect through its exercises on the earth, shoppers,
representatives, networks, and investors. CSR centered organizations would proactively
advance general society enthusiasm by empowering network development and
improvement. This paper offers a basic assessment of the hypothetical establishments of
corporate duty (CR) and recommends another vital way to deal with CR, which tries to
beat the constraints of prescriptive definitions. To address this fathomed issue, we
recommend another processual model of CS, which they allude to as the CSR model.
With regards to CSR, there are no simple answers on "what to do" and "how to do it"? An
organization's associations and interdependencies with society are numerous and complex.
The CSR model can offer pragmatic rules to administrators on the most proficient method
to on a very basic level fortify their business while adding to society simultaneously. It is
contended that a significant number of the redefinitions of CR for a contemporary group
of spectators are prescriptive urgings ("invitations to battle") that neglect to furnish chiefs
with the theoretical assets to move from "should" to "how". The CSR model offers
another way to deal with CR to the extent that it sees CSR, as fundamental to their general
procedures helping them to imaginatively address key business issues, methodology,
activities, and markets in a solitary structure.

Keywords- Corporate Social Responsibility, Social Capital, Corporate Strategy
INTRODUCTION
Corporate Social Responsibility (CSR) is turning into an undeniably significant action to
Business concerns broadly and universally. As globalization quickens and huge
associations fill in as worldwide suppliers, these associations have progressively perceived
the advantages of giving CSR programs. Over the most recent twenty years, there has
been a huge change in the idea of the triangular connection between organizations, the
state, and society. Never again can firms keep on going about as autonomous elements
paying little mind to the enthusiasm of the overall population. The advancement of the
connection among organizations and society has been one of moderate change from
magnanimous conjunction to one where the common enthusiasm of the earth, purchasers,
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workers, networks, and investors are increasing central significance. Organizations are
starting to understand the way that so as to pick up the key activity and to guarantee
proceeded with presence, strategic approaches may be shaped from the typical act of
solely concentrating on benefits to factor in open generosity and dependable business
behaviors (Reynard and Forstater, 2002).
To help this case we initially assess different surely understood models of CR to set up the
foremost spotlight on the definition, extension, and estimation (to the detriment of
execution). This will set up the number of theoretical devices with which to understand a
key, operational and advertise the pertinent way to deal with CR. We will at that point
layout a processual model of CR that we term the CSR show and clarify how it might help
conquer any hindrance between scholarly appeal and expert noteworthiness. At last, we
offer some beginning thoughts on how the model can be completed to convey an
aggressive technique fabricated.
LITERATURE REVIEW
Although it is not a new concept, CSR remains an emerging and elusive idea for
academics, and a disputed issue for business managers. Owing to the range of contrasting
definitions, and often convoluted by varying use of terminology, the notion of CSR has
lead to the emergence of a variety of practices (Freeman 1984; Crane and Matten 2004;
Welford 2004; Habisch and Jonker 2005; Fairbrass et al 2005). In brief, the concept of
CSR has evolved considerably since it first emerged in the 1950s (Carroll 1999; Freeman
1984; Carroll and Beiler 1977; Sturdivant 1977).
The European Union defines corporate social responsibility (CSR) as “a concept whereby
companies integrate social and environmental concerns in their business operations and
in their interaction with their stakeholders on a voluntary basis.” The ISO 26000
Working Group on Social Responsibility adopted the following working definition in its
meeting in Sydney last February 2007 as: “social responsibility (is the) responsibility of
an organization for the impacts of its decisions and activities on society and the
environment. The World Economic Forum has recognized the importance of corporate
social responsibility by establishing the Global Corporate Citizenship Initiative. The
Initiative hopes to increase businesses' engagement in and support for corporate social
responsibility as a business strategy with long-term benefits both for the companies
themselves as well as society in general.
http://www.weforum.org/site/homepublic.nsf/Content/Global+Corporate+Citizenship+Init
iative
World Business Council for Sustainable Development defines Corporate Social
Responsibility (CSR) as “The continuing commitment by business to behave ethically and
contribute to economic development while improving the quality of life of the workforce
and their families as well as of the local community and society at large.”
Waddock (2004) argues this situation persists, in part, because distinct management
disciplines exist in parallel universes thus partly negating integration of the theoretical
advances to date. Similarly, the academy and the world of management practice exist in
parallel universes with limited (though noteworthy) crossover where business in society
debates are concerned (Waddock, 2004).
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While accepting paradigm incommensurability as a contributory factor, this alone does
not explain the ongoing failure of urge of CR to establish what are clearly pressing social
issues high on the agendas of the organizations whose exercises they derive from this
paper. To illustrate this point we now review the three key areas in the CR literature via
their most prominent model.

Corporate Social Responsibility
In recent years CSR has become a key business practice and has gained much attention
from chief executives, chairmen, boards of directors and executive management teams of
larger international companies. They understand that a strong CSR program is an essential
element in achieving good business practices and effective leadership. Companies have
determined that their affect on the economic, social and environmental landscape directly
affects their relationships with stakeholder’s investors, employees, customers, business
partners, governments and communities.
Definitional issues regarding “corporate social responsibility” (CSR) have remained an
area of careful consideration from the concepts very beginnings. Early models of CSR
emerged in the 1960s and typically held the “social” aspect of CSR as referring directly to
those responsibilities above and beyond economic and legal obligations (Carroll, 1979;
Waddock, 2004; Matten and Crane, 2005). Thus, for many, CSR was and still is similar
with voluntary and philanthropic acts by business organizations designed to make easier
social ills or benefit a disadvantaged group chosen by the corporation’s managers.
Another key dimension of early models was an emphasis on “responsibility” or obligation.
For early communists in the 1970s, this was too static a belief of CSR. They argued for a
more proactive and dynamic orientation, which required organizations to not only meet
the expectations of a civil society to secure their legitimacy, but also to anticipate and
promote desirable changes in business-society relationships. This changed emphasis
became associated with the term “social responsiveness” and is most famously articulated
in Sethi’s three state schemas for corporate behavior as “social obligation”, “social
responsibility” and “social responsiveness” (Sethi, 1975). The concept of corporate social
responsibility (CSR) refers to questions such as:
 What are the societal expectations towards firms?
 What are the obligations of firms towards society?
 What responsibilities are as perceived by the business society (in general)?
 What are the responsibilities as perceived by a (single) firm?
Considering the objective of this paper the last question is most relevant. So fulfilling this
objective we study the concept of CSR1 & CSR2. CSR1 refers to the responsibilities
towards society as perceived by a firm. These responsibilities act as principles or basic
values that motivate and guide the activities of the firm.
The literature on CSR1 provides two classifications that are helpful in analyzing business
activities. First, there are Carroll's (1979) in which the responsibilities of the firm are
divided into four categories: economic, legal, ethical, and discretionary responsibilities.
Second, there is Wood's (1991) that describes three principles of CSR1: the principles of
legitimacy, public responsibility, and managerial discretion. In fact, Carroll's and Wood's
classification may be combined into a single one in which Carroll's categories specifies
Wood's principle of public responsibility.
CSR2 refers to the capacity of a firm to respond to its environment. However, as it may be
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hard to determine a firm's potential capacity to respond, they actually focus on the actual
acts of responding. Others (e.g., Wood, 1991; cf., pragmatist ethics) point out that the
concept of CSR2 should be understood as a process or a set of processes. Although these
readings are different, and may ultimately be irreconcilable, they share a focus on the way
a firm approaches its environment. Therefore, for the purpose of this study, the general
question in relation to the concept of CSR2 is: How does the firm approach its
environment? Or, formulated slightly different, what is the firm's attitude towards its
environment?
Corporate Social Performance
For our purposes it is necessary to distinguish two notions of CSP: CSPbroad and
CSPnarrow. CSPbroad refers to the notion of CSP as covering CSR1, CSR2, and
CSPnarrow. CSPnarrow refers to the outcomes of corporate social behavior. It relates the
questions: What does the firm actually do? And where does all that lead?
Building on an earlier attempt to prepare an integrated CSP model by Wartick and
Cochran (1985) – itself with foundations in Carroll’s (1979) work cited above – Wood
(1991) suggests a CSP model consisting of three interacting elements in the form of
principles of CSR, processes of corporate social responsiveness and outcomes of
corporate behavior. It is the focus on “social responsiveness” that is seen as the key to
breaking the perceived definitional impasse and achieving action. In discussing each
element of the model, Wood (1991) skillfully integrates various theoretical perspectives
into a coherent model of CSP.
Wood's model aims not only at measuring the various aspects but also at arriving at an
overall evaluation of the social performance of a firm. For that purpose, it is necessary to
weight or balance the various aspects of CSP model.
Wood's model of CSP
Wood (1991:693) defined CSP ,”A business organization's configuration of principles of
social responsibility, processes of social responsiveness, and policies, programs, and
observable outcomes as they relate to the firm's societal relationships.”
Principles of corporate social responsibility
 Institutional principle: legitimacy
 Organizational principle: public responsibility
 Individual principle: managerial discretion
Processes of corporate social responsiveness
 Environmental assessment
 Stakeholder management
 Issues management
Outcomes of corporate social behavior
 Social policies
 Social programs
 Social impacts
The “principles” of corporate social responsibility operate at three levels; institutional,
organizational and individual. These derive from earlier work on social legitimacy (Davis,
1973), responsibility for organizational outcomes/impacts (Preston and Post, 1975), and
managerial discretion exercised by individual “moral actors” in the manner of Carroll’s
discretionary responsibilities (Carroll, 1979), respectively.
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The outcome of corporate behavior is the only observable and assessable element of the
model, and is designed in conjunction with the principles and processes allowing for
improved practical assessment of social impacts, programmers and policies.
Although the corporate social performance model does integrate much of the earlier work
into a consistent model for assessing an organizations social responsibility standing, it
does not fully consider the significance of stakeholder impacts (Waddock, 2004).
Corporate Citizenship
The term CC is a relatively new concept in the discussion of surrounding business-society
relations. Its usage and meaning has been published more by practitioners than learner.
Indeed, many learner early use of the term was as a restricted notion of philanthropy
(Carroll, 1991).
Corporate citizenship is a term used to describe a organization’s role in, or responsibilities
towards society. For this reason it is sometimes used interchangeably with corporate
social responsibility, and in fact many organizations including Microsoft, IBM and
Novartis have used it in this way to describe their social initiatives. We have suggested
that organizations should not be considered in terms of the legal status or identity of
citizenship but could be thought of as acting as if they were citizens when they participate
in politics through lobbying and governance type activities.
By contrast, Matten and Crane (2005) argue that CC is a specific construct that sheds new
light on the role of business in society via its emphasis on the more politically derived
concept of citizenship. In arguing for an “extended theoretical conceptualization of
corporate citizenship” they draw upon the “dominant liberal understanding of
citizenship”, defining it as a set of rights vested in individuals. Following Marshall (1965)
(cited in Matten and Crane, 2005), they classify these rights as social, civil and political.
CC, as they define it, is seen as addressing the eroding effects of globalization on the role
of nation states as guardians of individual rights through their loss of control over the
economic, social and political domains of society. It is at this occasion where non-public
bodies such as business organizations are supplementing the traditional guarantors of
citizenship as providers of social rights, enablers of civil rights and as a channel for
political rights. As they summarize it: “corporations” and “citizenship” come together in
modern society at the point where the state ceases to be the only guarantor of citizenship
(Matten and Crane, 2005).
The CSR model – competitive advantage through “Social Resources”
The primary reason for the limited take up of CR is that business in society learners have
typically presented CR as either in opposition to the profit motive or, at least, an ancillary
to it.
It is our view that CR can equally well be framed as a competitive resource and habituated
to the normal processes of strategy development and measurement that are so well
embedded in many leading organizations. In this way CR becomes a means to, rather than
deplete of resources on, business success. To illustrate this argument we offer the concept
of “social resources” and suggest a model that integrates previous views on CR into a
strategy to implement a CC orientation.
Social resources are made up of three inter-related elements whose simultaneous presence
underwrites the credibility of a product/service offer targeted at the “ethical consumer”.
The model is shown in Figure 1. Components of the model are
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1. Ethical and Social commitments
2. Connections with partners in the value network
3. Consistency of behavior over time to build trust

Ethical and Social Commitments
Ethical and social commitments represent the values element of social resources. They
comprise the ethical standards and social objectives the organization support to and are
evidenced in its mission, strategic objectives, strategy programmers, organizational
policies and corporate culture. Ethical and social commitments developed across a value
network comprising business partners sharing these commitments, are thus necessary but
not sufficient conditions for the development of social resources.
Connections with partners in the value network
It follows from this traditional approach to “Value “creation that any commitment to a
socially oriented business model is deemed to failure if a strategic approach across the
value configuration is not covered. The structure of relationships within the value network
is the means through a joint implementation of a socially oriented value network is
achieved.
Consistency of behavior
Consistency refers to the behavioral element of social resources over time and across all
aspects of an organizations operation. Adherence to stated values and careful selection
and development of business partners, who have matched social commitments, is the
litmus test of an organization’s own credibility.
These latter two elements refer to the space and time dimensions of the model and are
very closely inter-related. In practice, it is impossible to separate the three elements of the
CSR model and claim to be a “good corporate citizen”.
It follows, that an organization that commits to widely recognized standards of social
performance and seeks to promulgate them across its entire value network will, if the
effort is perceived to be genuine (i.e. consistently maintained over the long term), benefit
from enhanced competitive resources gaining directly from its social orientation. In effect,
CR orientation becomes a meaningful basis for marketplace differentiation.
In response, companies are developing CSR departments, revising their mission
statements to include ethical goals, and developing codes of conduct that extend to
employees and contractors worldwide, to the point that by the end of 2003 and many have
found ways to turn social responsibility into economic success.
Conclusions
The paper has contended that CSR MODEL has become a fundamental business
movement. A far-reaching survey of existing writing on CSR MODEL IN THE
Organization has framed the reason for a worldwide, all-encompassing, and far-reaching
way to deal with the test confronting business leaders of creating, actualizing, and dealing
with their CSR MODEL procedure. Through an audit of the three fundamental ways to
deal with CR – CSR, CSP, and CC – we have indicated that every one of these
methodologies neglects to give the sort of down to earth apparatuses that directors need to
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plant a CR direction in associations.
To expel these impediments we have offered the CSR model that proposes that a CR/CC
direction requires three concurrent components. These are responsibilities, associations,
and consistency. The shortcoming in one of these three territories will bring about an
inability to sufficiently accomplish a genuine CR direction because of the subsequent
inability to address one of the three key points of view present in the current writing (and
checked on above). We have tried to propose that long haul realness and the advancement
of a focused asset can come from the synchronous nearness of the CSR model. Moral
concerns are turning out to be standard in expanding the scope of business sectors.
Organizations that neglect to perceive the seismic changes occurring in business society
relations will succumb to the similarly critical rebuilding of focused situations inside their
own enterprises.
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Abstract- The main objective is to increase the speed and capacity of wireless
communication network. It is based on the principle that the plasma carries electric
currents and generated magnetic field in desired direction The Plasma Antenna will be
placed in smart phones and be used at higher frequencies. Such antennas are used
with the speed of 7 gigabits per seconds.
Keywords- Antenna Technology, Plasma Antenna, Radio Frequencies, Parabolic
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I. INTRODUCTION
In today’s word the transmission and reception of data/ information becomes most important
tool as the usage of wireless communication increases day by day. For this purpose antenna is
most essential component. It is a transducer used for transmitting and receiving the
electromagnetic radiations. Antennas are used in every wireless system such as radio
broadcasting, television broadcasting, mobile phones and multipoint communication.
The main problem of any communication network is speed and data handling, as we all know
the wireless generations are moving from 2G to 3G, 4G and 5G. So we require advancement
in antenna technology, which will leads to the desired speed and better data handling
capacity.

II. ANTENNA TECHNOLOGY
Basically, an antenna is a device of one or more conducting elements, arranged in such a
manner that makes an antenna a transmitter as we apply the voltage to its elements. It radiates
the electromagnetic pulses in all directions or in specific direction. For reception the reverse
process is occurs, the electromagnetic pulses are received from transmitter induces an
alternating current in the antenna elements. and a corresponding voltage at the antenna’s
terminals. Some receiving antennas (such as parabolic and horn types) incorporate shaped
reflective surfaces to collect the radio waves striking them and direct these waves onto the
actual conductive elements.
Some of the first rudimentary antennas were built in 1888 by Heinrich Hertz (1857-1894)
in his pioneering experiments to prove the existence of electromagnetic waves predicted
by the theory of James Clerk Maxwell. Hertz placed the emitter dipole at the focal point
of a parabolic reflector.
The words antenna and aerial are used interchangeably, but usually a rigid metallic
structure is termed an antenna and a wire format is called an aerial. The origin of the
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word antenna relative to wireless apparatus is attributed to Guglielmo Marconi. In 1895,
while testing early radio apparatuses Marconi experimented with early wireless
equipment. A 2.5-metre long pole, along which a wire was carried, was used as a radiating
and receiving aerial element. In Italian a tent pole is known as 1’antenna central, and the pole
with a wire alongside it used as an aerial was simply called 1’antenna. Until then wireless
radiating, transmitting and receiving elements were known simply as aerials or terminals.
Marconi’s use of the word antenna (Italian for pole) became a popular term for what today
is uniformly known as the antenna.
Since the discovery of radio frequency (RF) transmission, antenna design has been an
integral part of virtually every communication and radar application. Technology has
advanced to provide unique antenna designs for applications ranging from general
broadcast of radio frequency signals for public use to complex weapon systems. In its most
common form, an antenna represents a conducting metal surface that is sized to emit
radiations at one or more selected frequencies. Antennas must be efficient so the maximum
amount of signal strength is expended in the propagated wave and not wasted in antenna
reflection.
There is a long list of antenna designs with their suitability, advantages and
limitations. There are many antenna types and many ways of categorizing them. Antenna
types can be used to differentiate antennas for radios, televisions and radar systems.
Because antennas can be built for transmission of different frequencies, another way to
categories antenna types is by their frequency. For radio antennas, it’s important to know
whether these are built for, say, frequency modulation (FM) broadcasting at 88-108 MHz
or amplitude modulation (A.M) broadcasting at 535-1605 kHz. For television antennas, one
distinguishes between ultra-high frequency (UHF) antennas and very- high frequency
(VHF) antennas, or antennas that pick up both.
The range of antennas can be categorized as short, medium or long. For customers buying
a television antenna, the decision is dependent on how close they are to the transmitting
towers that they wish to pick up a signal from. If the range is well-matched to the distance, it
will help avoid the antenna picking up unwanted signals.
Location is another way of looking at antenna type. Antennas can be made for indoor,
outdoor or attic installation. Indoor antennas are easy to install but usually do not have the
elevation to pro- vide the best signal, particularly for customers who are far from the
transmission. Outdoor antennas were primarily made for rooftops, but now more are
being designed to mount on the side of a house, on a pole or deck. The attic can be a
useful installation point for those who do not want their antenna inside or outside for
aesthetic or other reasons.
Another set of antenna types is differentiated by style. Style can mean the antenna’s
appearance in terms of design. It can also address whether the antenna is directional and
gathers signals from a central location or whether it is multi-directional seeking signals from
towers transmitting from different locations. The latest version of antenna, i.e., plasma
antenna employs ionized gas enclosed in a tube (or other enclosure) as the conducting element
of the antenna.
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III. PLASMA ANTENNAS
As we all know that there are three states of matter found on earth are solid, liquid and gas.
But in 1879 Sir William Crookes, identified a fourth state of matter commonly know as
plasma. Plasmas are conductive assemblies of neutral and charged particles and fields.
Plasmas can carry electric current and also generates magnetic fields. The above said
properties are very important to an antenna technology.
A plasma antenna is that type of radio frequency antenna in which plasma is used as guiding
medium for electromagnetic radiations. In plasma antenna the conducting elements of
conventional antenna are replaced by plasma. The plasma antennas are based on the fact that
it contains a cluster of thousands of diodes on a chip and produces a cloud of electrons when
charged. These clouds are used to reflect high frequency waves like mirrors, also focusing the
beams by selecting diodes. This focused beam allows ultra fast transmission of high speed
data for next generation wireless devices. The ‘beam-forming’ capability could allow ultrafast transmission of high data loads like those needed to seamlessly stream a TV show to
an un-tethered tablet creating an attractive option for the next generation of supercharged
wireless transmitters.
Many types of plasma antennas can be constructed, including dipole, loop and reflector
antennas. Plasma antennas are interpreted as various devices in which plasma with electric
conductivity serves as an emitting element. In gas plasma antenna the concept is to use
plasma discharge tubes as the antenna elements. When the tubes are energized, these turn
into conductors, and can transmit and receive radio signals. When de-energized, these revert
to non-conducting elements and do not reflect probing radio signals.
The fact that the emitting element is formed over the interval needed for the emission of
an electromagnetic pulse is an important advantage of plasma antennas. In the passive
state (in the absence of plasma in the discharge tube) such a device does not exhibit electric
conductivity.
A plasma stream flowing from a jet into the ambient space, the plasma trace of a body
moving at an ultra- sonic velocity in the atmosphere, and alternative plasma objects have
been studied as possible antenna elements. Solid-state plasma antenna uses beamforming
technology and the same manufacturing process that is currently used for silicon chips. That
makes it small enough to fit into smart phones. The below figure.1 shows a type of Plasma
Antenna.
Figure.1 Plasma Antenna
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Higher frequencies mean shorter wavelengths and hence smaller antennas. The antenna
actually becomes cheaper with the smaller size because it needs less silicon. There is a
gas plasma alternative but it’s not solid- state, so it is bigger and contains moving parts
making it more of a pain to manufacture. That leaves the door open for solid-state
plasma antenna to be used for next generation Wi-Gig (its version 1.0 was announced in
December 2009) that can reach up to 7Gbps bandwidth over frequencies up to 60 GHz.

IV. DEVELOPMENT PROGRESS
Initial investigations were related to the feasibility of plasma antennas as low-radar
cross-section radiating elements with further development and future commercialization
of this technology. The plasma antenna R&D project has proceeded to develop a new
antenna solution that minimizes antenna detect ability by radar at the first instance. But since
then an investigation of the wider technical issues of existing antenna systems has revealed
areas where plasma antennas might be useful.
A significant progress has been made in developing plasma antennas. Present plasma
antennas have been operating in the region of 1 to 10 GHz. Field trials have shown that an
energized plasma reflector is essentially as effective as a metal reflector. How-ever, when
de-energized, the reflected signal drops by over 20 dB. Still some technicalities related to
plasma antennas like increasing the operating plasma density without overloading the
plasma discharge tubes, reducing the power required and the plasma noise caused by the
ionizing power supply, etc, have to be looked into in order to make them the useful
technologies for wireless communication in near future.
The future of high-frequency, high-speed wireless communications could very well be
plasma antennas capable of transmitting focused radio waves that would quickly
dissipate using conventional antennas. Thus, plasma antennas might be able to revolutionize
not just high speed wireless communications but also radar arrays and directed energy
weapons. The good news is that plasma antennas will be on-the-shelf in the next couple of
years. The bad news is that some military powers can use it to create a more advanced
version of its existing pain beam.

V. ADVANTAGES OF PLASMA ANTENNAS
1. An important advantage of plasma antenna over a conventional antenna is that the former is
much lighter. Based on a set of patented beam-forming technologies, these high-performance
electronically-steerable antennas are extremely lightweight and compact.
2. Free from mechanical parts, these maintenance-free plasma antennas are ideally suited
for a wide range of wireless communications and sensing applications.
3. Plasma antennas have a number of potential advantages for antenna design. These are
reconfigurable. When one plasma antenna is de-energized, the antenna reverts to a dielectric
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tube, and a second antenna can transmit through it. This allows using several large
antennas stacked over each other instead of several small antennas placed next to each other.
This results in better sensitivity and directivity.
4. When a plasma element is not energized it is difficult to detect it by radar. Even when it
is energized, it is transparent to the transmissions above the plasma frequency, which falls in
the microwave region.
5. Plasma elements can be energized and de-energized in seconds, which prevents signal
degradation.
6. When a particular plasma element is not energized, its radiation does not affect nearby
elements.
7. Plasma antenna can focus high- frequency radio waves that would dissipate quickly if
beamed by conventional arrays.
8. Plasma antennas boost wireless speeds. Such antennas could enable next-generation WiFi that allows for super-fast wireless data transfers.
9. Solid-state plasma antennas deliver gigabit-bandwidth, and high- frequency plasma
antenna could hold the key for economically viable super- fast wireless networking.
10. Plasma antennas might also be used to create low-cost radar arrays that could be
mounted on cars to help them navigate in low-visibility conditions, or used to make
directed, more focused and less bulky energy weapons.
11. Plasma antennas have developed an innovative range of selectable multi-beam
antennas that meet the demands in today’s wireless communication, defense and homeland
security markets.

VI. LIMITATION
1. The current hardware uses a wider range of frequencies so it’s impractically massive to
be used for mobile environments.
2. Plasma antennas are expensive and hard to manufacture.
3. High-frequency signals mean that antennas operating at higher frequencies couldn’t
penetrate walls like conventional Wi-Fi, so signals would have to be reflected throughout
the buildings.

VII. CONCLUSION
Plasma antennas could theoretically solve some of the problems because these can
operate at a wider range of frequencies, but gas antennas are also more complex (and
likely more expensive) than their silicon- diode counterparts, which are small enough to
fit inside a cell phone.
881 J.C. Bose University of Science and Technology, YMCA, Faridabad

With plasma antenna technology, there are kinks to iron out, but researchers and
engineers are optimistic to make this promising technology commercially available in few
years.
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Abstract: Agile software development methodology is a method like traditional waterfall model, iterative
waterfall model etc which can be used for developing software. The most commonly used approach used for
developing software is Waterfall Model but this model has various disadvantages like untimed delivery, out of
budget development, incorrect product and many more. Testing companies are diverting from traditional
waterfall model to “Agile Model”. The main concern in agile methodology is the Cost and Effort Estimation, as
the requirements keeps on changing. Estimation is an indispensable part of software development life cycle.
Software cannot be developed without estimating effort, duration and cost. Other than traditional methods,
Machine learning techniques can also be used for estimation. In this paper, an attempt is made to review various
Machine Learning Techniques that can be applied for estimation in Software Projects.
1.1 Introduction
In today’s crisis ridden business environment, many European and American companies are outsourcing their
software projects to the Indian companies for development, support and maintenance, as fast delivery is required
at economical rate. Indian Information Technology (IT) companies are best suited for this in comparison to the
software which is developed on onsite. In current scenario, as there is tremendous number of IT companies,
there is lot of competition in Indian IT industry. If the requirement of the software is well understood and freeze
at initial stage of the project, it can be developed using traditional waterfall model [1]. But usually requirements
are not completely finalized during the project lifetime. So, Agile Methodology is the best Methodology that is
recommended to use other than waterfall model. There are certain methodologies that falls under the umbrella of
Agile Model. These methodologies help in handling unstable requirements, productivity gains and business
alignment. Out of all these methodologies, the popular ones are:
a.)
b.)
c.)
d.)
e.)
f.)
g.)

Scrum
Extreme Programming
Crystal
Test Driven
Adaptive Software Development
Lean
Feature Driven Development

1.1.1 Scrum
Scrum is an iterative and incremental agile software development framework with a focus on flexible & holistic
product development strategy where the development team works as a unit to reach a common goal [3]. Scrum
is mainly used where the team is small in size and has an easy access to client. Scrum has three roles:
a.) Product Owner
b.) Scrum Master
c.) Team

883 J.C. Bose University of Science and Technology, YMCA, Faridabad

1.1.2 Extreme Programming
Extreme Programming promotes good communication between team members, including managers, developers,
testers, stakeholders and others. In this methodology, the risks are considered at each level of the development
process. The project is built in small releases in many iterations. Due to this, the process becomes flexible and
has minimized risks. Extreme programming (XP) is a popular agile development approach.
1.1.3 Crystal
The Crystal methodology is very simple and powerful method which is adopted for software
development. Crystal method focuses primarily on people and their interactions when working on a project
rather than on processes and tools. The project properties also changes depending when the number of the
people involved in the project changes. More people on the team means that the project is critical, so the
approach needs to be more complicated. Thus, different crystal methodologies exist for different types of
projects. It is divided into Crystal Clear, Crystal Yellow, Crystal Orange and Crystal Red according to the
number of participants and the importance of the project. There are only two crystal methods that are defined.
These are:



Crystal clear
Crystal orange

1.1.4 Test Driven Development
Test Driven Development method is helpful in making the code clearer, simple and bug-free. It begins with
designing and developing tests for each small functionality of an application. In TDD approach, first of all, the
automated test is developed and then a small piece of code is developed that can pass that test. Then the code is
refactored later for improvement. TDD works in contrast with the traditional software development approach
that starts from design and coding followed by testing.
1.1.5 Adaptive Software Development (ASD)
Adaptive Software Development has evolved from RAD practices. Adaptive Software Development is similar
to Evolutionary model which has phase names depicting the changeability in the complex systems. The phases
in the Adaptive development life cycle are −
 Speculate
 Collaborate
 Learn
1.1.6 Lean
Lean software development is commonly considered a sub framework within the agile umbrella. Lean has
a customer-focused approach and it was developed to improve the shortcomings of plan-driven methods.
1.1.7 Feature Driven Development FDD)
Feature Driven Development was introduced by Jeff De Luca and Peter Coad in1997. Feature-Driven
Development (FDD) is an architecture-centric, client-centric and pragmatic software process. A feature can be
written in the form of client-valued function as <action><result><object>. As there are user stories in the scrum,
in the same way there are features in FDD. The five main activities that are performed iteratively in FDD are:
develop overall model, build a features list, plan by feature, design by feature and build by feature.
The Main motive of agile methodology is fast and continuous delivery of the project [2].In traditional projects,
when new features are asked, the scope of the project is changed to incorporate those new features. It also
changes the cost/budget, resources, and overall project plan [3].
There are certain steps that should be followed while estimating the software project. These are:
1) Estimate size of the software product
2) Effort estimation in person-months or person-hours.
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3) Estimate schedule time in the calendar
4) Estimate Cost of the project
To get a reliable software cost estimate, we need to do much more than just put numbers into a formula and
accept the results. Software cost estimation process involves seven steps, which shows that cost estimation is a
mini project, so we require planning, reviews, and so on.
1.2 Related Work
According to definition of Estimation, it is the process of finding an estimate, or approximation, which is a value
that is usable for some purpose even if input data may be incomplete, uncertain, or unstable.” Estimation is the
practice that is used to estimate the effort, time taken to complete and cost for complete project which is going
to be developed. Cost estimation models are divided into two types: algorithmic models and non- algorithmic
models. Algorithmic models make use functions to estimate the cost of product. This function is derived from
the models which are developed by integrating cost factors.
A non-algorithmic model doesn’t make use of functions to estimate cost of the software product. Agile
Estimation methods may lead to the problems if the team is inexperienced. So, there is strong need of analyzing
the factors that affects estimation in Agile. Dr. Rashmi and Dr. Naresh Chauhan has proposed a new algorithm,
for Agile estimation that states that various factors like people-related and project-related also affects the cost,
effort and size of a software project[4]. Various traditional Agile Estimation Methods are shown in the diagram
below:

Traditional Agile
Estimation
Methods

Learning
Oriented
Approach

Expertise Based
Approach

Regression
Methods

Bottom-Up

Fig. 1 Traditional Approaches for Estimation in Agile
In Expert Judgement Technique, an expert makes an educated guess of the problem size after analysing the
problem thoroughly. The expert estimates the cost of the different modules or subsystems of the system and then
combines them to get the overall estimate. Delphi estimation is done by a team including group of experts and a
coordinator. In this approach, the coordinator provides each estimator with a copy of SRS document and a form
for recording his cost estimate. The process involved in estimating by analogy technique is: it compares the
proposed product to similar and already done project if the information id is known. It makes use of the original
data from previous projects to estimate the proposed project.
Putnam, proposed a model in 1978, for effort estimation which was given the name SLIM [5]. The Putnam
model is very sensitive to development time. Time is inversely proportional to person-months. Putnam model
tries to decrease the decrease the development time then it will automatically increase person-months [6][7].
The Putnam model estimates the size of the software based on the historical data stored in the database. The
main drawback of Putnam model is it estimates software size inaccurately and the values are also uncertain.
Then a function point based model was given by Albrecht in 1979 which used function point as size metric in
place of KLOC which measures the physical component of software.
The COCOMO model proposed by Boehm in 1981 is an algorithmic model used to estimate software cost.
Bottom Up approach can estimate the overall cost of the project by taking the cost from each segmented
software components and conjoin the outputs. The main goal of this model is to consider knowledge of tiny
components in the estimation process and perform analysis then combines all obtained results. The popular
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technique using this model is COCOMO detailed model. Intermediate COCOMO model extension is COCOMO
II Model [1].
It can be expressed as
EFFORT = 2.9 (KLOC)1.10
2. MACHINE LEARNING TECHNIQUES
2.1 Fuzzy method
The systems using this Fuzzy logic can simulate human behaviour and reasoning. Fuzzy system tools efficiently
solve the challenges in the situations like decision making is hard and huge number of constraints. These
systems always take the facts that ignored by other approaches [8].
2.2 Case Based Reasoning
Case based reasoning is a technique to collect and store the results of inspections on past products such as effort,
language used, and cost so on. When we inspect the proposed product, if it identifies any new feature, then it is
possible to recollect the store feature [9].
2.3 Rule-Based Systems
Rule based systems are very useful in estimating the effort of software in few cases. Rule based system stores
some set of rules in its knowledge database, which have been used to compare the features of proposed project.
When there is any identical rule is found, that rule will fire, which can be used to generate a new rule to form
chaining effect. The chaining effect continues until there are no rules to fire and the result is displayed to user
[9].
2.4 Regression Trees
Regression trees are widely used to estimate the cost of the software in software Engineering. A regression tree
is constructed by investigating the attributes, and considers the most informative attributes. Use an algorithm on
these informative attributes to construct the tree and split the attribute values where it is appropriate. Tree only
ever splits into two leaf nodes. Checking can be done for any logical errors, by using this probable format [9].
2.5 Artificial Neural Networks (ANNs)
ANNs are constructed based on the architecture of biological neural networks and these are also known as
parallel systems. Artificial neuron is a collection networks that are interconnected. The neuron uses stepped
function to determine the weighted sum of the inputs. The derived output might be a positive or negative given
as input to other neurons in the parallel network. Feed-forward multilayer perception is one of the widely used
models in ANN.
Neurons are initialized with random weights. The network learns the associations between the inputs by altering
the weights when the training set is obtainable from both the inputs and outputs. ANNs estimates development
effort and it compares the accuracy to the algorithmic approaches rather than the suitability of this approach to
estimation process [10][11].
3.1 Cross Validation
One of the statistical methods is cross validation, in which the data are separated as one or more segments for
evaluating the comparing the performance of learning algorithms. One segment is used to training set to learn
the model and the other segment is used to perform validation on the model. In cross-validation method the
training and validation sets must pass through sequence of rounds such that each data point getting a chance to
be validated. K-fold cross-validation is the crucial form of cross-validation. Other types of cross-validations
involve repeated rounds of cross-validation and those are subtypes of k-fold cross-validation [12]. Crossvalidation is used to assess and differentiate the performance of diverse learning algorithms. The learning
algorithms use 1-fold of data to develop the model or learn the model, and the learned models are using the data
in validation fold to make predictions about the data. After construction of model based on learning algorithm,
the model can be applied to each fold to measure the performance of metrics like accuracy. After completion of
measuring the performance of metrics, k samples are available. Then averaging of k samples can be obtained to
aggregate the measure. These samples can be used in statistical hypothesis test to show that one algorithm is
superior to another.
3.1.1 K Fold
The original data is divided into k subsets. Each time, one of the k subsets is used as the validation set and the
other k-l subsets are put together to form a training set to construct the model. This gives the best validation
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statistic is chosen as the best model. Cross validation is chosen as the best for small datasets, because it makes
efficient use of limited amount of data.
The steps to use k fold cross validation are
• To use k fold cross validation, the validation column should consists of four or more distinct values.
3.1.2 Hold Back
Hold back method divides the original data into training and validation data sets. The validation portion used to
specify the proportion of the original data to use as the validation data set (hold back).
3.1.3 Excluded Rows Method
Validation techniques are used to discover the variables for a classifier and also used to assess the accuracy of
model.
1) The training set is used to deduce the factors of model.
2) The test set is used to reckon or endorse the presaging accuracy of model.
3) The validation set is also used to reckon or ratifies auguring capability of
the classifier [13].
In Excluded rows method which uses row states to partition the data. Records that are eliminated by using the
above method are considered as validation data and remaining records are act as learning data set [14].
3.2 Partition Techniques
The partition technique considers the relations between X and Y values to make partitions of tree and it
recursively partitions data. It finds a set of all possible sub divisions and clusters of X values that best forecast Y
value. This can recursively partitions the data to form a decision tree until the desired model fit is reached. This
technique chooses the optimum splits from vast number of possible splits. The platform offers three methods for
growing the final predictive tree; those are Decision tree, Bootstrap Forest, Boosted tree.
3.2.1 Decision Tree
The most common learning technique in data mining is Decision tree. A decision tree is a flowchart-like
structure in which each internal node represents a “test” on an attribute like whether a coin flip comes up heads
or tails, each branch represents the outcome of the test, and each leaf node represents a class label. The main aim
is to develop a model based on several input variables to predict the value of target variable. Every interior node
is one of the fields from input variables. The possible values of input variables are the children of node edges.
Each leaf represents a value of the target variable. The path from root to leaf is the values of input variables.
Decision tree is a simple method to classify examples easily.
There are two types of techniques such as supervised and unsupervised techniques. Decision tree is the
successful supervised learning technique. For this section, all the features to represent data have finite discrete
domains, and the target feature is called classification [15]. The major element in the classification domain is
called a class. In decision tree every non-leaf node is labeled with test feature. The arcs coming from labeled
node are also labeled with the possible values of the feature. All the leaf nodes of tree are labelled with a class
names.
3.2.2 Boosted Tree
A boosting is a general method of producing an accurate classifier on the basis of weak and unstable one. To
build a large and efficient decision tree to be fit into a series of minute trees, Boosting plays a major role. There
are many reasons to use and study gradient boosted decision trees or Boosted trees. They are easy to use due to
following reasons: a.) input features do not need to be whitened or otherwise normalized, b.) they are flexible:
by supporting custom loss functions, they can attack arbitrary classification and regression problems, including
ranking or regression tasks, c.) They are backed by solid theory, which allows them to be viewed as doing
gradient descent in the space of functions by taking steps in the form of decision trees [16], d.)they produce
compact models, with fewer parameters for the same accuracy when compared to random forests and the
compact models gives faster inference speeds, less memory consumption and better interpretability. The residual
degree of the previous tree can be constructed from the smaller trees. All the above constructed trees are used to
form a larger final tree. The boosting process can use the validation phase to estimate the number of stages
required for fitting the model and it can also specify the threshold value for the stages.
There are 1 to 5 splits at each stage of the tree. So we can say that each stage of the tree must be short enough.
After constructing the initial tree, each and every stage fits onto the previous stage. The same process can be
iterative, until it reaches threshold value of the stages. The validation statistic performance cannot be improved,
if we are fitting an additional stage after the validation phase is used. The sum of the each stage of terminal node
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estimates is combined to form the ultimate forecasting. If the response variable is categorical attribute then the
offsets of linear logistics can be used to fit the residuals of each stage. The sums of linear logistics of all the
stages are converted by using logistic transformation function to predict the final target value.
3.2.3 Bootstrap Forest Tree
Bootstrap technique has very good features which are useful to determine an optimal model and uses
classification models such as decision tree based on data and chosen subset features. Decision tree partitioning
methods can be generated by using the bootstrapping methodology. In general decision tree uses the bootstrap
forest method so it is most popular method across industries. There are many decision trees are developed by the
Bootstrap Forest and those are used to get the final predicted value. Random sample with replacement sampling
technique can be used to construct decision tree. The bootstrap Forest methodology can put threshold value not
only on splitting criteria but also on the randomly selected samples. The bootstrap forest method is considered
as an optional one in the applicability of decision tree.
4. Conclusion
Software model plays a very important role in the development of a good project. Nowadays, user’s
requirements are constantly changing, user wants timely delivery of the project within budget, due to this
reason, estimating the cost, effort and time required for development of Software Project is becoming difficult.
So, use of Agile Methodology has become a necessity for this purpose. But in this modern era, traditional
methods are not giving that much results, as each method is having its own pros and cons. Therefore, some
machine learning techniques are discussed which can be used for better estimation.
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ABSTRACT
This study investigates talent management and employee’s performance in selected private
sector in Faridabad district of Haryana. Sample size was determined using Taro Yamani’s
statistical technique. 364 questionnaires were distributed to respondents, out of which 273
questionnaires were returned. Analysis of Variance (ANOVA) was conducted using SPSS-20 to
compare different population of mean existing within the groups and between the groups at
five-point likert scale. The study found that F-calculated value (73.166) was greater than Ftabulated (2.53) value at 5% significant level in the selected private sector. Hence, the null
hypothesis was rejected. Study concludes that there is an existence of strong relationship
between talent management and employee’s performance in selected private sector. Finally,
recommendation were made in the following; that organization should align their talent
management system to meet up with their business requirements; and, management should
know what factors contribute to difficulties in attraction and retention of employees so that
effort should be made to keep various retention factors in balance.
Keywords: Talent, Talent Management, Attraction, Retention, Development, Productivity, employee performance.

1. INTRODUCTION
The concept of talent management was originated in 1980s and 1990s the time when the
responsibilities of human resource department/personnel department shifted from being routine
administration and processing, to more complex configuration and planning duties. At a time
when decision makers relied solely upon HR departments for employee management and
competent evaluations, the idea of talent management was born or emerged. During this period,
most organizations realized that HR had larger role in recruiting and training the right people
to fit into the work force environment. Again, HR plays vital role in developing good
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compensation packages which include; employees’ fringe benefits, stock options and bonuses,
and serving as a central point of communication for employee health and happiness.
On the other hand, talent management deals with human capital management which consists of
people, knowledge and skills. Recent study by Gardner (2002) noted that talent management is
a major global challenge confronting most organizations in the world. Due to scarcity of talent,
organizations around the world are competing for the same pool of talents to acquire and retain
talents in order to maintain their operations and continue to grow in terms of service and
profitability. Most assets of an organization such as, products, technologies and strategies may
be replicated easily but human capital takes great deal of time to develop and considered as a
key asset to manage and adapt to the organizational needs. With regards to this, talent
management is very useful in organizational learning and development. It changes the way
organization manage and use technology, allocate resources, and measure optimal performance.
Apart from that, progress of talent management is very important in developing and discovering
new talented employees in the workforce. “Advances in talent management system such as
human capital management technology, is useful to HR leaders implement global recruitment
strategies where they domicile and generate the insights needed to drive quality of hiring,
internal mobility and a proactive approach of building talent pipelines”. Oracle Talent
Management Cloud was discovered using a holistic approach, to help HR leaders manage
everything from recruitment and selection, compensation and performance management to
employee learning and talent review, in a single, cohesive system. Unfortunately, most of the
advanced talent management systems have not translated meaningfully towards enhancing
organizational performance due to the way firms design and manage their organizational
structure.
Study concludes that there is an existence of strong relationship between talent management
and employee’s performance in selected private sector organization. Finally, recommendation
was made in the following; that organization should align their talent management system to
meet up with their business requirements; and, management should know what factors
contribute to difficulties in attraction and retention of employees so that effort should be made
to keep various retention factors in balance.
Talent management offers value at the revenue end. Customer satisfaction, product
development, and marketing innovation all benefit by being accomplished by talented
performers. Talent management also contributes to expense reduction, quality improvement,
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process redesign and employee retention and these results generated only when talent works in
improving employee performance in the business.
Talent joins a company appreciating the company and its product. As talent engages more fully
in company operations, assignments, projects, that appreciation grows. The greater the
appreciation, the greater one’s commitment to performing with quality. An employee —
especially a “talent employee” — who has the opportunity to perform in ways which she/he
sees as valuable consistently seeks to improve that performance.
2. LITERATURE REVIEW
In an attempt to give the correct definition of talent management, several scholars have defined
this phenomenon differently making it to be more complex in understanding. Recent study by
Tinsley (2011) defined talent as “an innate giftedness, which is regarded as a gift”. It is also a
natural ability and aptitudes. On the other hand, Wikstrom et al, (2012) noted that talent
represents greater mastery of developed abilities and knowledge systematically in the field of
human endeavor. According to the authors thinking, it is assumed that language learning makes
humans to believe that talent is static; however talent can actually be developed, through talent
management.
In addition, Stockley (2007) assert that talent management is defined as the conscious,
deliberate approach undertaken to attract, develop and retain people with the aptitude and
abilities to meet current and future organizational needs. According to the authors’ perspective,
talent management deals with the recruitment, selection, identification, retention, management,
and development of personnel considered having the potential for high performance.
On the other hand, Collings and Mellahi (2009) defined talent management as “activities and
processes that involve the systematic identification of key positions which differentially
contribute to the organization's sustainable competitive advantage, the development of a talent
pool of high potential and high performing incumbents to fill these roles, and the development
of a differentiated human resource architecture to facilitate filling these positions with
competent incumbents and to ensure their continued commitment to the organization”.
Similarly, Garrow and Hirsh (2008) opined that “talent management is about doing things for
your best people, investing in developing them, building their potential and assisting people to
make the best use of their strengths.”
Finally, Howard (2008) assert that the purpose of talent management is to ensure that a supply
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of talent is available to align with the right people at the right time in the right job using
measurable, predictable, and actionable skills that serve as a key to organizational success; and
talent audits are a worthwhile tool in that process based on strategic business objectives.
2.1 EMPIRICAL REVIEW
A good number of researchers have investigated the relationship between talent management
and employee’s performance and their findings tend to be different. Recent study conducted by
Lyria (2013) examined the role of talent management on organizational performance in Kenya.
This study was conducted using an empirical review of previous studies related to main study
to discover gap in literature and study show that previous research did not integrate talent
management and organizational performance. This becomes a basis for conclusion.
On the other hand, Iqbal et al, (2013) also studied the relationship between talent management
practices and employee’s emotional stability in Pakistan. Again, study was conducted using
quantitative approach and survey questionnaire were distributed to 150 management employees
working in 25 listed companies in Pakistan. Findings show that talent management practices
have positive impact on performance of organizations, and employee’s emotional stability.
According to the views of the authors talent management has contributed significantly to both
organizational performance and employee’s emotional stability vis-à-vis. Wurim, (2012) also
conducted research on talent management and organizational productivity in a public sector
enterprise, in which survey investigation method was used in collecting data and KruskedWallie test statistics was used to analyze the data. The result indicate that the implementation
of proper talents management policies, processes and programs significantly impact on
employee’s productivity. Recent study by Project Management Institute, (PM1, 2013) also
investigated on the competitive advantage of effective talent management. An empirical or indepth research was conducted among 277 project, program, and portfolio management
directors, managers, and practitioners in the field of talent management who design and
administer their organization’s talent management program and recruit managers for their
organization. This study found that aligning talent management to organizational strategy may
create enabling competitive advantage required for sustenance and growth of an organization.
Similarly, Sakineh, Mehrdad and Hasan, (2012) examined the relationship between talent
management and organizational success. This research was conducted using descriptivecorrelation approach and population of study involves the department of Youth and Sport in
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West Azerbaijan Province of Iran. Pearson correlation test was used to determine the
relationship between the elements of talent management and organizational success at 5%
significant level and SPSS (version 16) statistical tool was used to analyze data. The result
showed that talent management has significant relationship with organizational success.
In addition, recent study by Blass, (2007) was centered on talent management and business
performance. Study objective was focused to provide better understanding of the different ways
through which organizations organize talent management. Research was conducted using 20
case studies involving mix of (private, public and voluntary) organizations of different sizes
and sectors and survey questions were administered to representatives of senior managers and
middle managers. About 1,500 responses were recorded from the population of the study.
Statistical tool used in the survey involved correlation, regression and ANOVA, this was due
to the nature of the variables being analyzed. Findings reveal that organizations managed talent
through rotational system involving various career stages of employees to avoid the danger of
setting high expectations for early developers or disregarding later developers. In conclusion,
study noted that organization manage talent through transparent talent system which is
embedded within organization.
Having reviewed several works written by different scholars, a gap in literature has been
identified in the area of theoretical and methodological limitations. For instance, previous study
conducted by Blass (2007) focused on talent management and business performance; multiple
organizational sectors (private, public and voluntary) with multiple statistical tools were
adopted to achieve study objective. While, present study focus on talent management and
employees performance; single statistical tool (ANOVA) with only one organizational sector
(five private sector) applied to achieve research objective. Finally, study will adopt the newest
version of SPSS version (20) to analyze data, as compared to the one (that is, SPSS version 16)
used in previous study.
3. RESEARCH METHODOLOGY
3.1

THE STUDY

Study adopted quantitative research approach and population of the study involved five private
sector of Faridabad such as; Escorts Ltd., J C B, Good Year India Pvt. Ltd., Yamaha, Shahi
Exports Pvt. Ltd. Two variables were identified in this study. The performance of employees
depends on the nature of organizational structure. The major challenge confronting most private
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sector is how to attract and retain well-educated personnel. As a result of poor design of
remunerations in most private sector, it affects the way talents are retained as well as
employee’s performance. Due to this challenge, the basis of selection of particular five different
company in private sector is necessitated to align with study research problem and research
question mentioned earlier. Dependent variable is employee’s performance, while talent
management is independent variable.
3.2

SAMPLING

The sample size used is 364 calculated using Taro Yemani’s (1964) statistical formula. Thus,
the formula is as follows:
n = N ∕ (1 + N x (e) 2)
Where n = sample size, N = population, e = level of significance (or limit of tolerance error)
0.05, 1 = constant value.
n = 4730/ (1 + 4730 x (0.05)2) = 364;
Sample size = 364;
Therefore, this study adopted stratified random sampling to ensure greater representativeness
of the sample relative to the population. Out of 364 questionnaires distributed, 273 (75%) were
returned in good faith. 50 questionnaires were unreturned, whereas 41 was faulty filled.
3.3

METHOD OF DATA COLLECTION

Both primary and secondary data were sourced for analysis. The primary data includes data
obtained from the participant by administering questionnaires. The secondary data were sourced
from; thesis, publications in academic and professional journals, books, archives among others.
The questionnaire was structured on five point-likert scale with weight assigned to; strongly
agreed (SA) = 5, Agree (AG) = 4, undecided (UD) = 3, Disagree (DA) = 2 and strongly disagree
(SD) = 1.
3.4

METHOD OF DATA ANALYSIS

The data for this study was analyzed using Analysis of Variance (ANOVA). This is restricted
to one-way analysis of variance. The reason for using ANOVA is to compare different
population of mean existing within the groups and between the groups or determine the
existence of differences among several population means. The hypothesis was tested for five
different company private sectors at 5% level of significance. Decision rule was applied to
reject/accept the hypothesis at a point where F-tabulated value/F-calculated value is greater/
less than the other.
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4. ANALYSIS AND FINDINGS
Table 1: Tabulation of Questionnaire Responses for Private sector (Faridabad) Haryana
S/No
Test Questions
SA
AG
UD DA SD
Total
1 Talent management dynamics addresses
103
100
5
45
20
273
impacts in the business environment
2 Talent management strategy provides a
95
83
10
45
40
273
competitive advantage
3 Talent management involves human resource 95
70
20
58
30
273
planning and development in the organization
4
5

Increasing organization effectiveness through 92
better talent management
A well-managed talent management system 98
improves employee’s performance and
productivity in the organization

75

26

5

35

273

88

23

35

31

273

Table 2: Tabulation of Questionnaire Responses Weighted Responses) For Private sector
S/No
Test Questions
SA
AG UD
DA
SD Total
1 Talent management dynamics addresses
515
400
15
90
20
1040
impacts in the business environment
2 Talent management strategy provides a
475
332
30
90
40
967
competitive advantage
3 Talent management involves human
475
280
60
116 30
961
resource planning and development in the
organization
4 Increasing organization effectiveness
460
352 234 180 35
1261
through better talent management
5 A well-managed talent management
490
352
69
70
31
1012
system improves employee’s performance
and productivity in the organization
To get the weighted value in table 2 above, strongly agree (SA) = 5; Agree (AG) = 4; Undecided
(UN) =3; Disagree (DA) = 2; Strongly Disagree (SD) = 1
4.1

TEST OF HYPOTHESIS

H0: There is no significant relationship between talent management and employee’s
performance in selected private sector.
HA: There is a significant relationship between talent management and employee’s performance
in selected sector.
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Table 3: ANOVA Table
Source

Sum of squares

df

Mean Square

F cal

Sig.

Between Groups

782748.160

4

195687.040

73.166

0.000

Within Groups

53491.600

20

2674.580

836239.760`

24

Total

F- Tabulated = F 0.05, 4, 15, = 2.53 (at 5% level of significance) F- Calculated= 73.166
The result of ANOVA in table 3 above show that F- calculated value (73.166) is greater than
F- tabulated (2.53) value at 5% significant level. Based on result, decision rule was applied to
reject the null hypothesis and accept the alternative hypothesis, meaning that there is strong
relationship between talent management and employees’ performance in selected private sector
in Faridabad, Haryana.
5. CONCLUSION
This study found that there is an existence of strong relationship between talent management
and employees’ performance in selected private sector. This accounts why the F- calculated
value for five different companies in private sectors is 73.166 and F- tabulated value is 2.53.
The result of this study support with the views of existing literature which says that talent
management practices has strong significant impact on achievement of business goals,
employee’s performance and financial profit. Again, study found that the capabilities required
to embrace change in the private sector are ailing and that the human resource management in
the private sector needs to be skilled up in terms of their talents since a well-managed talent
increases organizational performance. This argument also supports the views of Stockley
(2007) which stated that talent management is a conscious and deliberate approach undertaken
by organization to attract, retain, motivate and develop people with aptitude and abilities to
meet current and future organizational needs. In line with this, Lawler (2008) opined that an
organizations talent injects capabilities that are very difficult for competitors to bench mark and
replicate. Again, more than any other assets, talents provide the potentials for long-term
competitive advantage.
6. RECOMMENDATIONS


Organization should align and manage their effective talent management system to meet
up with their business requirements according to current scenario.
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Again, firms should be very careful when disseminating talent management practices,
as sometimes talent management may unavoidably lead to segmentation which further
can create conflict with diversity and inclusion initiatives. Talent management systems
can complement diversity initiatives by ensuring equality of opportunity to enter the
talent pool and transparency over selection and development criteria for employees.



Furthermore, talent management system should be incorporated across all aspects of
human resource planning and management. It is evident that there is a link between
talent management and recruitment, development, diversity, retention and succession
planningpractices in organization. Management should develop an integrated proactive
talent management strategy, to be able to sustain and gain competitive advantage in the
business.



Management should know what factors contribute to difficulties in attraction and
retention of employees so that effort should be made to keep various retention factors
inbalance.Organization should equally design good working conditions, such as bonus,
flexible working hours, fringe benefits, and among others as strategy to retain and
motivate employees to avoid employees quitting their jobs for better job elsewhere.



Again, organizations should assist employees in the process of talent development
Programs by adopting a work-based learning program and techniques as the best and
the most effective in improving employee’s performance. Finally, managers of human
capital in the private sector of Haryana should be educated trained and developed with
scientific method of managing organizational talents to improve the employee
performance in the organization.
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Abstract: Data mining is that the discovery of knowledge in databases and also the goal is to extract patterns
and information from giant amounts of knowledge. The necessary term in data processing is Text mining is
very important and useful term of knowledge mining or we usually say data mining. Text mining extracts the
standard data extremely from text. Statistical pattern learning is employed to prime quality data. High –quality
in text mining defines the mixtures of connectedness, novelty and interest. Text categorization, text cluster,
entity extraction and sentiment analysis are the various task of text mining. Applications
of language process and analytical ways are extremely most popular to show text into information for
analysis. This survey is concerning the varied techniques and algorithms utilized in text mining.
Keywords : knowledge discovery, data mining, text mining.
1.

INTRODUCTION
Textual data is handled by text mining which is unstructured and unclear and also manipulation of this type
of data is also difficult. We use text mining to exchange the information and the method used in text mining
is also nontraditional to obtain patterns or useful information from textual documents.
In Today’s world, computer do better and powerful analysis of language than human because manual
methods are always time consuming and costly. Various different methods are present to do text mining.
These methods are Summarization, Extraction of information, classification, topic tracking and Clustering.
There are various issues of data mining and KDT i.e. Knowledge Discovery from Text is one of them to
derive concepts implicitly and explicitly. Techniques like Natural Language Processing are used to discover
the semantic relationship between concepts. In Text Understanding KDT plays very important role.

899 J.C. Bose University of Science and Technology, YMCA, Faridabad

2.

TECHNIQUES OF TEXT MINING
There are various techniques in Text Mining which are used to process the textual data. Some of them are
discussed below.
2.1 Information Extraction
This is the first step to analyze the unstructured text. Information Extraction simplifies the text and then
identifies the phrases and discovers the relationship between these phrases. If the text is huge then this
is most suitable method. It is used to find the structured information from unstructured information.

2.2 Clustering
Clustering focus towards the similarity measures on totally different objects and places, it's no
predefined class labels. It segregate text into one cluster and within the same method generates cluster
of cluster .Words area unit isolated quickly and weights area unit appointed to every word. List
of categories area
unit generated
by
using bunch algorithms when scheming similarities.
2.3 Classification
Classification is to seek out the most themes of document by adding Meta and analyzing document.
The
Count of words and from that count decides the subject of the document that was done by the
classification technique. It’s predefined category label.
2.4 Information Visualization
Instead of finding out extracting the patterns, they supply visual illustration for text mining. Text
mining accustomed performs notably preparation of information, analysis & extraction of information,
Visualization mapping on info mental image. Zooming, scaling operations are used for user interaction
with the document.
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3.

COMPARISONS ON DIFFERENT TEXT MINING TECHNIQUES
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4.

CONCLUSION
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Text mining technique is principally used for extracting pattern from unstructured information. Knowledge
Discovery is principally targeted during this survey. The techniques area unit cluster, classification, and Information
extraction was overviewed. The method of text mining and therefore the algorithms are reviewed. During this paper
numerous issues are surveyed and their solutions are discussed.
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Abstract
It is Common to use Remote Control for controlling Home appliances and Electronic Gadgets.
The same work can be made easy by using hand Gestures. We are presenting the application that
control Home appliances by Using Hand Gestures as a Remote Control device. There are number
of approaches to deal with hand gesture recognition. These approaches take hand gesture as an
input and then perform a wide variety of Mathematical algorithm to get an output for a particular
gesture. In This paper, Details about the technical substructure and application of the designed
Home Automation System through Gesture Recognition are described.

Keywords: Preprocessing, Feature Extraction, Classification, Edge Detection, MCB.
Introduction
Talking about advancement, every day we come across new ways and methods to approach a
particular problem finding better and better ways to minimize efforts and achieve the goals
faster, same has been applied to the technology and every day we come across new ways to
approach things and newer upgraded versions of existing technology appears.
With the gesture recognition we are trying to do the same. The application we want to achieve is
to build application systems that provide occupants of the room with specialized services.
Gesture
is
sampled
Match
End User

Gesture
recognition
device

Perform
operation

No
Match
Sampled again

Figure 1. Flow diagram of the proposed system
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The above figure shows basic flow of control. The Hand Gestures performed by the user is
captured in front of web cam, and then this captured image is processed to identify the valid
gestures through specific algorithm and then execute the corresponding operation.
The application start with image samples of the user. This data is sent to the software module
where the matching takes place. The signals generated by the device is converted to suitable data
packet format and then sent to hardware module. Depending on the data packet received, various
applications like fan or MCB may be ON or OFF. The signals are generated on the software
module and executed on the hardware module.
Software side implementation
Training
database

Image and
motion
vector
matching

Decision
device

To Hardware Interface

There are number of steps in recognition process of software side module. The first of which is
to enroll the user samples into training database for all test gestures. The output generated after
matching testing gestures with training samples will be used to drive the decision device.
Four stages are required in software side implementation.
Image Acquisition

Preprocessing

Feature Extraction

Classification

Figure 2: Four Stages in Software Side Implementation

Image – acquisition:
The purpose of Image acquisition is to extract the image from some source. For This, Camera is
used to capture the image.
Preprocessing:
The task of preprocessing requires:
1. Extract the hand portion from an image.
2. Remove the noises and unwanted features.
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3. Convert processed image to binary image.
4. Extract significant features from binary image to form a feature set for classification.
Feature extraction:
Feature Extraction is very important in terms of giving input to Classifier.
1. In feature extraction, first we have to find edges of the filtered image. For this, number of
algorithms is required to find the edge which led to get boundary of hand in image.
Canny Edge Detector is best to find the edge.
2. Contour tracking algorithm is applied to track the contour.
Classification:
The extracted features are applied as input to Classifier. Linear Classifier discriminates the
images based on the dissimilarity between two images. For Classification purpose, Least Square
Support Vector Machine (LSSVM) is best as 99.2% accuracy is achieved by this method. And
94.2% accuracy is achieved by linear classifier.
Hardware side Implementation:
Once the gesture is identified the appropriate command for it will be executed & the hardware is
sent a command for appliance control. Command inputs will be sent to the Logic circuit for
processing the requested device control.
The hardware module accepts the control signal or data packet from the software module through
an interface and performs an action. The data packet undergoes level shifter to make the output
from computational device. Then it is fed to Multiplexer which select the relay for which the
data packet is intended. The bias of the relay switches the actual device circuit ON or OFF. The
level shifter and Multiplexer together are known as logic unit of the Hardware.

Proposed Algorithm:
Stage1.
1.
2.
3.
4.
5.

Take first sample image from user.
After performing necessary normalization and resizing, enroll image in Database.
Calculate feature vectors from image.
Save the matching parameters obtained above.
Repeat process for all samples of all gestures under test.
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Stage 2.
1.
2.
3.
4.
5.
6.

Switch on and initialize appropriately both Hardware and Software.
Obtain testing samples.
Calculate feature vectors.
Match with parameters stored during enrolment.
Send result to decision device.
Transfer control to Hardware module.

Stage 3.
1.
2.
3.
4.

Decode the received device code using logic circuit.
Check device codes of interface device for a match.
Repeat the above steps till the required device is parsed.
Enter power saving or idle mode.

Problem Formulation:
Remote controls have enabled us to perform immediate functions of everyday appliances like
AC, TV, and Fan etc.
Consider a Scenario, where a person say Jack is tacked in his bed and he realize that he has
forgotten to switch off the lights and fans or there is a blind person in the room and suddenly
there is a fire in the home then there is need to off the MCB. For this, there is need to find the
remote to control the main GUI that control all the other device but blind person is unable to
find the remote control then the purpose of automation would be lost.

Blind
Person

Want to switch
off the MCB

Thus, gestures being an intuitive means of expression are the best way to control the home
appliances at moderate efficient level.

Problem Solution:
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There is need to control common Household devices with gesture recognition based decision
unit. This will provide high level of automation. Thus image processing techniques with their
plausible applications are required.
Examples of applications of hand gesture analysis include
(1). Control of consumer electronics.
(2). Interaction with Visualization systems.
(3). Computer Games.
(4). Control of mechanical Systems.

Fig 1: An example of how gesture interfaces could simply replace remote control.

In this scenario, user control consumer electronics with hand gestures.

Conclusion
We have considered a method to recognize the unknown hand gestures. Since the variation of the
hand gestures is usually large, the transition between states is necessary in each gesture for an
effective hand tracking.
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ABSTRACT: Lean manufacturing is considered as a rapid growing manufacturing culture. The
companies are facing cut throat competition and are compiled to perform better than their competitors.
Hence the organizations are growing at a faster pace, and enhance their position in this competitive world,
which can be achieved by adopting the new philosophies like lean. Management strategies and
philosophies are always difficult and uncertain because change is inevitable and the companies should
adopt it as per the customer’s requirement. The primary competitive measure of lean is “ability to respond
to the customer and satisfy his requirements” The lean manufacturing as the combination of directions
and a culture which managers through the guidelines in implementations can achieve the benefits.
Implicitly, the two basic line of lean manufacturing, ‘respect to the workforce’ and ‘waste elimination’ is
introduced and how these factors can cause an effective leadership during implementations. In continue, it
is described that how every companies use the benefits of lean tools in their conception with lean
implementations, and what factors the managers involve with culture and leaderships issues. also, through
the investigation implies that not only it is necessary to implement most of the technical tools but an
organization’s culture needs transforming too In this project named” ” KEY FACTOR & BARRIERS
FOR IMPLEMENTING THE LEAN MANUFACTURING SYSTEM BY ISM APPROACH” is to
develop the relationships among the identified lean barriers. This is also helpful to understand mutual
influences of barriers and to identify those barriers which support other barriers(driving barrier) and also
those barriers which are most influenced by other barriers(dependent barriers).The interpretive structural
modeling (ISM) methodology is used to evolve mutual relationship among these barriers. Lean
manufacturing have been classified, based on their driving power and dependence power. The objective
behind classification is to analyze the driving power and dependence power of the barrier
Keyword: - Lean manufacturing
1 Introduction
Lean Manufacturing, also called Lean Production, is a set of tools and methodologies that aims for the
continuous elimination of all waste in the production process. The main benefits of this are lower
production costs, increased output and shorter production lead times. More specifically, some of the goals
include:
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Defects and wastage - Reduce defects and unnecessary physical wastage, including excess use of raw
material inputs, preventable defects, costs associated with reprocessing defective items, and unnecessary
product characteristics which are not required by customers.[2]
Cycle Times - Reduce manufacturing lead times and production cycle times by reducing waiting times
between processing stages, as well as process preparation times and product/model conversion times.
Inventory levels - Minimize inventory levels at all stages of production, particularly works-in-progress
between production stages. Lower inventories also mean lower working capital requirements. [2]
Labour productivity - Improve labour productivity, both by reducing the idle time of workers and
ensuring that when workers are working, they are using their effort as productively as possible (including
not doing unnecessary tasks or unnecessary motions).
Utilization of equipment and space - Use equipment and manufacturing space more efficiently by
eliminating bottlenecks and maximizing the rate of production though existing equipment, while
minimizing machine downtime.
Flexibility - Have the ability to produce a more flexible range of products with minimum changeover
costs and changeover time.
Output – Insofar as reduced cycle times, increased labour productivity and elimination of bottlenecks and
machine downtime can be achieve, companies can generally significantly increased output from their
existing facilities.
Most of these benefits lead to lower unit production costs – for example, more effective use of equipment
and space leads to lower depreciation costs per unit produced, more effective use of labour results in
lower labour costs per unit produced and lower defects lead to lower cost of goods sold.
In a 2004 survey by Industry Week Magazine, U.S. companies implementing lean manufacturing reported
a median savings of 7% of Cost of Goods Sold (COGS) as a result of implementing lean. We believe that
the savings many actually be higher for companies in Vietnam considering the higher levels of waste
which they typically have compared to U.S. based manufacturers [2].
Another way of looking at Lean Manufacturing is that it aims to achieve the same output with fewer
inputs – less time, less space, less human effort, less machinery, less materials, less costs [3].
When a U.S. equipment manufacturing company, Lantech, completed the implementation of lean in 1995,
they reported the following improvements compared to their batch-based system in 1991[4].
• Manufacturing space per machine was reduced by 45%.
• Defects were reduced by 90%.
• Production cycle time was reduced from 16 weeks to 14 hours - 5 days.
• Product delivery lead time was reduced from 4-20 weeks to 1-4 weeks.
2 Literature review
(Ford & Crowther, 2006) The roots of Toyota's management system dates back to the early1890s, when
self – taught inventor Sakichi Toyoda designed and patented a manually operated loom which
automatically stop the machine when a thread broken in weaving cloth that greatly improved worker
productivity and avoiding the production of defective cloth
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(Ohno, 2008) In part, as a result of these innovations, key objectives of Toyota's early management
practice have been characterized as "production efficiency by consistently and thoroughly liminating
waste", and "the equally important respect for humanity"
(Ford & Crowther , 2006) By far the most influential person was Henry Ford, through his books My
Life and My Work and Today and Tomorrow
(Huntzinger, 2003). "Training Within Industry Service"(TWI),a structured four step program for training
manufacturing workers – particularly supervisors
(Mejabi, 2003) While the influence of western industrial management practice is clear, it is very
important to recognize that it is also rather limited. Toyota managers have, over generations, purposefully
made many important improvements to industrial management practice over time.
(Ohno, 2008). consistent with the dual objectives of "production efficiency by consistently and
thoroughly eliminating waste" and "the equally important respect for humanity".
(Taj & Berro, 2006) In 2001, Toyota Motor Corporation published an internal document titled "The
Toyota way 2001" which presents these two objectives as top – level company principles: "continuous
improvement" and "respect for people."
(Emiliani, 2006) The correct practice of Toyota's management system – Lean management – would
require, at a minimum, acknowledgement and practice by management of both principles: "continuous
improvement," and respect for people. However, most managers practice only the first principle,
"continuous improvement", which greatly limits amount of improvement that can be achieved.
(Imai, 2007) Eight distinct types of waste are recognized in the Lean manufacturing system cause
effective implementation of Lean management results in the establishment of intra and inter
organizational capability building routines and improve time – based competitiveness depends on the use
of this Lean principles, structured processes and supporting tools.
(Bhasin and Burcher, 2006) there is general lean procedure consistent to any company, but each one
should find their way through their conceptions from lean manufacturing.
(Womack and Jones, 1996) in their survey of automotive manufacturers, suggested that only 41 percent
were assessed as having a high level of lean adoption. So, having a comprehensive knowledge of lean
tools and being familiar with lean culture in adoption of right implementation and changes through
incremental improvements and steply projects by the reciprocal cooperation with workers until the
completion of implementation is essential.
(Sheridan, 2000) proposes that lean implementation takes: “three years to become competent in applying
such tools as set-up reduction, standard work or cell building and five years to introduce gradually a firm
belief in all the tools”.
(Chase, 1999) considers that getting lean: “also means that the business is examined in its entirety,
including how orders are processed, the way materials are purchased and the way manufacturing is done”.
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3 The Barriers to effective implementation of Lean Manufacturing
3.1 Scope and lack of strategic perspective
3.2 Human aspects
3.3 Lack of contingency
3.4 Copying with Variability
3.5 The Shopfloor and Lean
3.6 Resistance To Change
3.7 Roots And Branch Philosophy.
3.8 Lack Of Planning
3.9 Unwillingness To Learn and See
3.10 Misunderstanding of Lean Production
3.11 Implementing Lean Production mechanically without revision according to the environment of
Enterprise
.
4 ISM METHOLOGY AND MODEL DEVELOPMENT
ISM methodology helps to impose order and direction on the complexity of relationships among elements
of a system. It is interpretive as the judgment of the group decides whether and how the variables are
related. It is structural as on the basis of relationship, an overall structure is extracted from the complex
set of variables.It is a modeling technique as the specific relationships and overall structure are portrayed
in a graphical model[34].
The various steps involved in the ISM technique are:
(1). Identifying elements which are relevant to the problem or issues-this could be done by survey.
(2). Establishing a contextual relationship between elements with respect to which pairs of elements
would be examined.
(3). Developing a structural self-interaction matrix (SSIM) of elements which indicates pair-wise
relationship between elements of the system.
(4). Developing a reachability matrix from the SSIM, and checking the matrix for transitivity –
transitivity of the contextual relation is a basic assumption in ISM which states that if element A is related
to B and B is related to C, then A is related to C.
(5). Partitioning of the reachability matrix into different levels.
(6). Based on the relationships given above in the reachability matrix, drawing a directed graph (digraph),
and removing the transitive links.
(7). Converting the resultant digraph into an ISM-based model by replacing element nodes with the
Statements.
(8). Reviewing the model to check for conceptual inconsistency and making the necessary modifications.
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(SSIM)
The various steps, which lead to the development of ISM model, are illustrated below.
Structural self-interaction matrix (SSIM)
TABLE 1
Barrier
Number

1

2
3
4
5
6
7

8
9

Structural self-interaction matrix

Barrier description

Barrier Number

9 8 7 6 5 4 3 2
Scope and lack of V V V V V V V V
strategic
perspective
Misunderstanding
V V V V V A A
of Lean Production
Human aspects
V V V V V X
Lack of Planning
V V V V V
Coping
with V V V V
variability
Resistance
To V V V
Change
Implementing Lean O V
Production
mechanically
without
revision
according to the
environment
of
Enterprise
Roots And Branch A
Philosophy
Unwillingness To X
Learn and See

Group of experts, from industries and the academics were consulted in identifying the nature of
contextual
relationships among the barriers. For analyzing the barriers in developing SSIM, the following
four symbols have been used to denote the direction of relationship between barriers (i and j),
V - Barrier i will help to achieve barrier j.
A - Barrier j will help to achieve barrier i.
X - Barriers i and j will help to achieve each other.
O - Barriers i and j are unrelated.
Reachability matrix
The SSIM has been converted into a binary matrix, called the initial reachability matrix (see Tab. 3) by
substituting V, A, X and O by 1 and 0 as per given case. The substitution of 1s and 0s are as per the
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following rules: If the (i, j) entry in the SSIM is V , the (i, j) entry in the reachability matrix becomes 1
and the (j, i) Entry becomes 0. If the (i, j) entry in the SSIM is A, the (i, j) entry in the reachability matrix
becomes 0 and the (j, i) entry becomes 1.
If the (i, j) entry in the SSIM is X, the (i, j) entry in the reachability matrix becomes 1 and the (j, i) entry
also becomes 1.If the (i, j) entry in the SSIM is O, the (i, j) entry in the reachability matrix becomes 0 and
the (j, i) entry also becomes 0.Since, there is no transitivity in this case; hence initial reachability matrix
will be used
Barrier no.

Barrier description

1

Scope and lack of
strategic perspective
2
Misunderstanding of Lean
Production
3
Human aspects
4
Lack of Planning
5
Coping with variability
6
Resistance To Change
7
Implementing
Lean
Production
8
Roots
And
Branch
Philosophy
9
Unwillingness To Learn
and See
Dependence Power

Table 2

Barrier Number
1
1

2
1

3
1

4
1

5
1

6
1

7
1

8
1

9
1

Drivin
g
power
9

0

1

0

0

1

1

1

1

1

6

0
0
0
0
0

1
1
0
0
0

1
1
0
0
0

1
1
0
0
0

1
1
1
0
0

1
1
1
1
0

1
1
1
1
1

1
1
1
1
1

1
1
1
1
0

8
8
5
4
2

0

0

0

0

0

0

0

1

0

1

0

0

0

0

0

0

0

1

1

2

1

4

3

3

5

6

7

9

7

Initial reachability matrix

for further calculations. The driving power and the dependence of each barrier are shown in. The driving
power for each barrier is the total number of barriers (including itself), which it may help achieve.
Dependence is the total number of barriers (including itself), which may help achieve it.[30]
Level partitions
From the final reachability matrix, the reachability and antecedent set for each barrier is found.The
reachability set consists of the element itself and the other elements which it may help achieve, whereas
the antecedent set consists of the element itself and the other elements which may help in achieving it.
Thereafter, the intersection of these sets is derived for all the barriers. The barriers for which the
reachability and the intersection sets are the same occupy the top level in the ISM hierarchy. The top-level
element in the hierarchy would not help achieve any other element above its own level. Once the top-level
element is identified, it is separated out from the other elements. Then, the same process is repeated to
find out the elements in the next level. This process is continued until the level of each element is found
.These levels help in building the diagraph and the final model
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Table 3 Artition of reachability matrix: first iteration
Barrier Number
1

Reachability Set
1,2,3,4,5,6,7,8,9

Antecedent Set
1

Intersection
1

2
3
4
5
6
7
8
9

2,5,6,7,8,9
2,3,4,5,6,7,8,9
2,3,4,5,6,7,8,9
5,6,7,8,9
6,7,8,9
7,8
8
8,9

1,2,3,4
1,3,4
1,3,4
1,2,3,4,5
1,2,3,4,5,6
1,2,3,4,5,6,7
1,2,3,4,5,6,7,8,9
1,2,3,4,5,6,9

2
3,4
3,4
5
6
7
8
9

Level

I

Table 4 SECOND ITERATION
Barrier
Number
1
2
3
4
5
6
7
8
9

Reachability Set

Antecedent Set

Intersection

Level

1
2
3,4
3, 4
5
6
7
8
9

1
1,2,3,4
1,3,4
1,3,4
1,2,3,4,5
1,2,3,4,5,6
1,2,3,4,5,6,7
1,2,3,4,5,6,7,8,9
1,2,3,4,5,6,9

1
2
3,4
3,4
5
6
7
8
9

VII
V
VI
VI
IV
III
II
I
II

Classification of barriers
All barriers have been classified, based on their driving power and dependence power, into four
categories as autonomous barriers, dependent barriers, linkage barriers, and independent barriers. These
classifications of barriers are similar to classification used by Mandal and Deshmukh. The driving power
and dependence power diagram for barriers is shown.
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It is observed that barrier 2 has a driving power of 6 and a dependence power of 4 (see Tab. 4) and
therefore, it is positioned at a place which corresponds to a driving power of 6 and a dependence power of
4 as shown in Fig. 1. The objective behind the classification of barriers is to analyze the driving power
and dependence power of the barriers. In this classification of barriers, the first cluster is of autonomous
barriers that have a weak driving power and weak dependence power. The autonomous barriers are
relatively disconnected from the system. In the present case, there are no autonomous barriers. The
second cluster consists of dependent barriers that have weak driving power and strong dependence power.
In the present case, barriers 5, 6, 7, 8, and 9 are in the category of dependent barriers. The third cluster
consists of linkage barriers that have strong driving and dependence power. Any action on these barriers
will have an effect on the other barriers and also a feedback effect on themselves. In this case, there are no
linkage barriers. The fourth cluster includes independent barriers that have strong driving power and weak
dependence power. In this case, barriers 1, 2, 3, and 4 are in the category of independent barriers[31].
5 Formation of ISM digraph and model
The structural model is generated from initial reach ability matrix (see Tab. 4). If there is a relationship
between the barriers i and j, this is presented by an arrow which points from i to j. This graph is called as
an initial directed graph, or initial digraph. After removing the transitivities - see step 4 of the ISM
methodology the final digraph is formed (Fig. 2). This final digraph is converted into the ISM-based
model (Fig. 3)
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6 Discussion
The levels of barriers are important in understanding of successful LEAN implementation. Lack of scope
and strategic perspective is the most important barrier due to its high driving power and low dependence
among all the identified LEAN barriers. This can be validated by the previous surveys results. This
barrier is positioned at the lowest level in the hierarchy of the ISM-based model. The barrier
unwillingness to Learn and See is at the highest level in the ISM-based model due to its high dependence
power and low driving power. Those barriers which are at the fourth and third levels in the model with
highest driving power are known as ’strategic barriers’. These barriers play a key role in knowledge
sharing and also in supporting communication, collaboration, and in searching for knowledge and
information. These barriers require greater attention from the top management. The driving power and
dependence power diagram gives some valuable insights about the relative importance and
interdependencies of the barriers. The driving power and dependence diagram (Fig. 1) indicates that there
is no autonomous barrier in the process of successful LEAN. Autonomous barriers are weak drivers and
weak dependents. These barriers do not have much influence on the LEAN system. The absence of
autonomous barriers in this study indicates that all the identified barriers influence the process of
successful knowledge management. Therefore, it is suggested that management should pay serious
attention to all LEAN barriers.
7 Conclusion and future directions
The levels of barriers are important in the LEAN implementation process. It can also be observed from
Fig. 1 that three barriers, namely lack of scope and strategic perspective (barriers 1), lack of human aspect
(barriers 3), and lack of Planning (barriers 4) have high driving power and less dependence power.
Therefore, these barriers can be treated as key LEAN barriers. On the basis of above discussion, we can
conclude that all the nine barriers are important (although in varying degrees) for the purpose of
successful implementation of LEAN. In this research only nine LEAN barriers have been used to develop
the ISM model,

but more LEAN barriers can be included to develop the relationship among them using the ISM
methodology. Further, in this research, the relationship model among the identified LEAN barriers has
not been statistically validated. Structural equation modeling (SEM), also referred to as linear structural
relationship approach, has the capability of testing the validity of such hypothetical models. Thus, this
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approach can be applied in the future research to test the validity of this model. ISM is a tool which can
be helpful to develop an initial model whereas SEM has the capability of statistically testing an already
developed theoretical mode. Hence, it has been suggested that future research may be targeted to develop
the initial model through ISM and then testing it using SEM. The manager should think about the
different type of barriers and take necessary action to remove those ,so that the should be properly
implemented and company should get benefited from implementing lean.
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Abstract
Heavy metals are pervaded all over the world, as the anthropogenic activities contribute largely
to their presence in environment. The heavy metals are non-biodegradable and persistent in the
environment. If present in soil, these are either taken up by the plants through root uptake or get
transferred to the ground aquifer. Soil acts as a major sink for these heavy metals as they form
charged complexes (cations and anions) depending on the various characteristics of the soil i.e.
pH, electrical conductivity, cations and anions exchange capacity, organic matter, soil texture,
pore structure, temperature, cations and anions etc. The bioaccumulation of these metals in the
plant cells may reduce the growth of plants. Subsequently, they can be readily transferred to
human beings through ingestion, inhalation or dermal contact and affect the nervous system,
immune system and cellular metabolism. The review of literature suggests that heavy metals
have different ability to cause toxicity for particular age group through variable exposure
pathways. Various modeling approaches have been used to assess potential health risk associated
with particular heavy metal and their bioavailability in different plant parts. However, it is
difficult to eliminate the heavy metals from the environment, better soil and crop management
practices can help to prevent the uptake of heavy metals from plants and their further transfer to
food chain by breaking soil-plant-animal or human cycle. This paper stipulates the possible
conditions for the availability of heavy metals Zn, Cu, Fe, Pb, Co, Ni, Cd, Cr, etc. in Agricultural
fields, its bioaccumulation and transfer factors as well as the hazardous index (HI) to estimate the
potential health risks to human beings by intake of these heavy metals through different
pathways.

Keywords
Heavy metals, Bioaccumulation, Physico-chemical characteristics, hazardous Index, Transfer
factor

Introduction
Heavy metals are pervaded all over the world especially in the developing countries e.g. India.
Anthropogenic activities contribute to the major part of heavy metals in the environment.
However heavy metals are non-biodegradable and persistent in the environment, these are either
taken up by the plants through root uptake or get transferred to the ground aquifer and ultimately
impose adverse impact on soil fertility and health of human being through food chain transfer
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[1]. Agronomic conditions such as crop rotation, irrigation, drainage, plant breeding, plant
physiology, weed and pest control etc. may also affect the metal uptake by the plants [2]. Soil
acts as a major sink for these heavy metals as they form charged complexes (cations and anions)
depending on the various characteristics of the soil i.e. pH, electrical conductivity, cations and
anions exchange capacity, organic matter, soil texture, pore structure, temperature, cations and
anions etc [3]. The bioaccumulation of these metals in the plant cells may reduce the growth and
development of plants which further affects the productivity and thereby contribute to lower
yield [4] (table 1). Moreover, heavy metals can be readily transferred to human beings through
ingestion, inhalation or dermal contact and subsequently affect the nervous system, immune
system and cellular metabolism. The toxicity of heavy metals may also vary for different age
groups e.g. adults and children [5]. Some literature reviews have stated that different heavy
metals have different ability to cause toxicity for particular age group through different exposure
pathways [6]. Meanwhile, the risks associated with heavy metals do not only coincide with the
highest concentration of heavy metals but also depends on the spatial pattern of these metals or
land use changes [7]. It is also reviewed that inappropriate land use changes have been resulting
from increasing economic development and human activities which directly or indirectly induces
vegetation damage, degradation of land, water, soil and climate change [8]. Worldwide, various
modeling approaches have been used to assess potential health risk associated with particular
heavy metal and their bioavailability in different plant parts [9]. However, it is difficult to
eliminate the heavy metals from the environment, better soil and crop management practices can
help to prevent the uptake of heavy metals from plants and their further transfer to food chain by
breaking soil-plant-animal or human cycle. Therefore, stringent policies and strategies are
required at national level to control toxic metal inputs and long term sustainability of biodiversity
and protection of the ecosystem.
Table 1
Effects of heavy metals on plants
Sr
no

Heavy
metals

Effected
region/process

Effects

1

Cd, Ni,
Pb, Cr

Plant membrane

Lipid preoxidation induces high oxidative stress by
heavy metals which modify the membrane properties
i.e. fluidity, permeability and activity of ATPase
enzyme e.g rice, wheat and pea

2

Cd, Ni,
Cu, Zn

Plant physiological
processes

Depresses
Photosynthetic
activity,
chlorophyll
synthesis, transpiration rate, stomata activity, water
use efficiency e.g. rice and wheat

3

Cd, Ni,
Co, Cr,
Zn, Pb

Mineral deficiency

Toxicity of these metals causes Fe deficiency by
decrease uptake or immobilization in roots, inhibit
mineral uptake and water stress e.g. sunflower

4

Pb, Cd,
Zn, Cr,
Ni

Seed Growth

inhibit seed germination, seedling growth, pigment
status, nutrient content and induces senescence

5

Zn

Catalytic Efficiency

Although essential micronutrient and long biological
half life , decreases growth and development by
altering enzymatic activity

6

Cu, Cd,
Cr

Growth, biomass and
yield

Cu+Cd inhibit seedling growth, lateral roots , Cr
reduces number of leaves, branches, root/shoot
length and biomass e.g. eggplant/tomato
Dry matter and yield of plants decreases under higher
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Methodology
A. Quantification of Heavy Metals viz., Zn, Cu, Fe, Pb, Co, Ni, Cd, Cr, etc. in Agricultural fields
(soil and crop) of the study areas.
B. To determine the Transfer Factor of heavy metals from soil to plants/grains.
C. To study the effects of physico-chemical properties of the soil and water on transfer of heavy
metals from soil to plants/grains.
D. Estimation of dose and risk due to heavy metals in soils.
E. Conclusion
Agricultural crops especially fruits, grains and vegetables form an important part of our diet and
act as a buffering agent during digestion process. Crops may contain a range of both essential
and toxic metals. A study was carried out to predict the growth and yield of rice with increased
application of industrial effluent. The effluents, initial soil, different parts of rice plants and postharvest pot soil were analyzed for various elements, including heavy metals. The rice roots
showed that heavy metal concentrations exceeded the critical limits except for Cr, and these
elements were transferred to rice straw and grain due to translocation effect [10]. The transfer
rate of heavy metals from soil to rice, the enrichment index (EI) was applied in the study, which
was defined as the metal concentration in rice divided by that in soil was calculated by average
values of EI for Cd, Cu, Ni and Zn were 0.0829, 0.0567, 0.0041 and 0.1429, respectively,
indicating the availability of heavy metals to rice was generally in the order of Zn >Cd >Cu >Ni
[11]. The levels of different heavy metals were assessed in vegetables irrigated with water from
different sources. The results indicated a substantial build-up of heavy metals in vegetables
irrigated with wastewater, which ranged 116–378, 12–69, 5.2–16.8 and 22–46 mg/kg for iron
(Fe), manganese (Mn), copper (Cu) and zinc (Zn), respectively. The highest mean levels of Fe
and Mn were detected in mint and spinach, whereas the levels of Cu and Zn were highest in
carrot, however, these metals were well below the permissible limits [12].
A study investigated the impact of heavy metal concentrations in the soil and consequent
accumulation in vegetables at sites having long-term uses of wastewater for irrigation. Samples
of irrigation water, soil, root and shoot parts of palak plants were analyzed to determine the
concentration of heavy metals. Heavy-metal concentrations in soil under wastewater irrigation
were negatively and positively correlated with soil hydrogen potential (pH) and organic carbon
(OC), respectively. The study concludes that wastewater irrigation modified the physicochemical
properties of the soil, leading to more availability of heavy metals in the soil and consequently to
the plant [13]. Heavy metal concentrations were several fold higher in locally grown vegetables,
cereal crops and milk from wastewater irrigated site compared to clean water irrigated ones. Cd,
Pb and Ni concentrations were above the ‘safe’ limits of Indian and WHO/FAO standards in all
the vegetables and cereals, but within the permissible limits in milk samples. Rice and wheat
grains contained less heavy metal as compared to the vegetables, but health risk was greater due
to higher contribution of cereals in the diet [14].
The quantities of heavy metals (Cd, Cr, Cu, Pb, Zn, As, Mn, and Hg) were determined in
different parts of rice plants (Oryza sativa). Results revealed that the mean levels of Cd, Cr, Pb,
Zn, As, Mn, and Hg in experimental soil and in different parts of rice plant (root, straw, and
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grain) were higher than the control except for Cu. The content of toxic metals was significantly
higher in root than in aerial parts of the rice (straw and grains) [15]. The heavy metal contents in
soil and plant samples collected from different sites receiving sewage and tube-well irrigation in
Sangrur District of Punjab. The results showed that all the crops had higher amount of micronutrients and heavy metals in their above ground parts when grown in sewage irrigated soil than
in the same plant species grown in tube well irrigated soil [16]. Some reported heavy metals
transfer factor in grains, fruits and vegetable grown under natural field condition at Swat District,
northern Pakistan. They reported Cu in the range of 0.06-0.14mg/kg, Cr from 0.29- 0.81 mg/kg,
Cu from 0.24- 0.61 mg/kg, Mn from 0.96 to 10.0 mg/kg, Ni from 0.26 to 0.77 mg/kg and Zn
from 0.20 to 0.59 mg/kg, and transfer factor of Cd ( 0.79-1.14) was found higher followed by Cr
(0.04-0.89), Zn (0.10 – 0.70), Cu(0.08-0.64), Ni (0.12-0.63), and Mn (0.01-0.22) [17].
A study was conducted to assess the soil to grain transfer factors of heavy metals in rice and
health risk analysis in the vicinity of Narora Atomic Power Station (NAPS), Narora, India. The
rice grains accumulate all the heavy metals lesser than their concentration in the field soil. Soil to
grain transfer factors for Cu, Mn, Pb, Co, Cd, Cr and Fe were 0.071, 0.015, 0.02, 0.032, 0.07,
0.005 and 0.004 respectively. The results showed that maximum transfer factor was for copper
and minimum was for chromium [18].
The advanced tertiary treatment and disinfection technologies were implied for production of
wastewater (WW) with quality for reuse in agriculture as per norms. The two qualitatively
distinct treated WW effluents, as compared to control tube well water (TW) irrigation was done
for the assessment of the impacts on tomato crop, soil geochemical properties, tomato fruit safety
and crop productivity. It was observed that the heavy metal content of tomato fruits and leaves in
all irrigation treatments was below the MPLs set for fruit safety and the critical tissue
concentration for phytotoxicity. Moreover, no microbiological contamination (TC, FC, E. coli,
Salmonella spp., Listeria spp.) of tomato fruits was found in any treatment [19].
The sources of metals (As, Cd, Cr, Cu, Hg, Ni, Pb, Zn) and spatial distributions in 70 urban
surface soils and to assess the associated human health risks around the Tanggu chemical
industrial district, Tianjin, China. Pollution sources were identified using multivariate statistical
analysis. The metals especially Cd, Hg, Pb, and Zn, were enriched at some specific sites and As,
Cd, Cu, Hg, Pb, and Zn were associated with anthropogenic activities. The organic matter
content was found to play an important role in the distribution and composition of the metals.
From exposure to metals in urban soils non cancer health risks were slightly elevated that too
found for children and adults northwest and southeast of the Tanggu chemical industrial district
[20]. Vegetables and related soils amended with biogas slurry samples were collected from Taihu
Basin to evaluate current levels of local metals pollution and related migration of the metals (Cr,
Mn, Co, Ni, Cu, Zn, As, Cd, Pb) in soil–vegetable system. The results showed that the
concentrations of Ni, Zn, Cd and Pb in vegetables and related soils exceeded the upper limits of
evaluation standards. Moreover, the concentrations of Mn, Co, Ni, Cu, Zn, As and Pb in the soils
were shown significant correlations with OM (Organic Matter).The metal transfer factor (TF)
was found highest for Cd followed by Zn > Cr > Pb > Mn > Cu > Ni ≈ Co > As, which were
dependent on the vegetable species. Amaranth was observed to have a greater heavy metals
absorption capacity compared with other vegetables that would pose a potential health risk to the
consumers [21].
The effects of AMD (acid mine drainage) on soil, plant and human health at Dabaoshan mine in
Guangdong Province, were examined to elucidate distribution and migration of Cd, Cu, Zn, As
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and Pb and associated health implications to local inhabitants. The 74 crop samples including 28
sugarcane, 30 vegetables, 16 paddy rice and the corresponding soil samples were collected and
analyzed. The result showed that the target hazard quotient (THQ) values for these two elements
were substantially exceeding the maximum allowable unity and the hazard index (HI) value
reached to 48.00 suggesting that the local population will have significant health risks by
ingestion of food polluted with high heavy metals contents. Cd showed higher TF values than the
other metals due to elevated percentage of exchangeable fraction of Cd in acid soil [22]. The
modeling approach i) performance comparison of GA-PLSR against general PLSR to predict low
concentrations of heavy metals (i.e., As, Pb, Zn and Cu) in agricultural soils (ii) explored the
transferability of GA-PLSR models between different land-use types without extra calibrations
(iii) investigated the predictive mechanism for the assessment of the metals in soils with three
methods from different views. The mean value of pH indicated the soil is acidy with large
variation of the OM contents from 1.35 to 52.98 g kg−1. In comparison with As, Pb and Cu, the
Zn showed the higher standard deviation (SD = 19.99 mg kg−1) and a higher coefficient of
variation (CV = 36.93%). As per the Soil Environment Quality Standards (GB15618- 1995) in
China, the agricultural soils in the study area were basically not metal-polluted due to relatively
narrow range of the mean concentrations of heavy metals. Only nine samples moderately
contaminated by As, Pb and Zn resulted from sewage irrigation, parent materials or vehicle
exhausts [23].
The study was based on the analysis of cultivated top soil, grains as well as human cancer tissues
to evaluate potential health risks of heavy metals Cr, Cd, Pb, As and Hg and Se using atomic
fluorescence spectrometry and inductive coupled plasma emission spectrometry (ICP-MS). The
target hazard quotient (THQ) calculated exceeded 1 for four grain heavy metals (Cr, Pb, As and
Hg) to evaluate the non carcinogenic health risk indicated a health risk for local residents. The
carcinogenic risks were found to be higher than the acceptable risk level of 10−6 indicated a
possible cancer risk to local consumers for Cr, Pb and As. No significant correlations was found
among heavy metals in soil and grain with human lung, liver and gastric cancer tissues, except
for soil Pb with gastric cancer and grain Hg with liver cancer [24].
This study was carried out in Zhejiang province, China on 343 vegetables to evaluate the
concentrations of As, Cd, Hg and Pb and related health risk to local residents by calculating
health hazard index (HI) as well as mean and percentile level of HMs. The mean levels of As,
Cd, Hg and Pb were 0.009, 0.015, 0.003 and 0.022 mg/kg respectively. The samples with 4.37%
(Cd), 2.62% (Hg) and 3.79% (Pb) were exceeding the maximum allowable concentrations
(MACs) set by Chinese legislation. The mean and 97.5 percentile levels of heavy metals were
used to present the mean and high exposure assessment. At the mean exposure level, all HIs were
less than the threshold of 1. The HIs of Hg and Cd at high exposure were 1.01 and 1.85. The
general people were at low health risk to As, Cd, Hg and Pb by the vegetable intake.
Furthermore, considerable attentions were given for heavy metal pollution in vegetables
especially for Cd [25].
This study assessed the concentrations of heavy metals such as Cd, Cr, Cu, Mn, Ni and Zn in
agricultural soils and crops (fruits, grains and vegetable) and their possible human health risk in
Swat District, northern Pakistan. As per norms of WHO, the Cd concentration was found higher
than set limit 05 mg/kg in 95% fruit and 100% vegetable samples. Moreover, the concentrations
of Cr, Cu, Mn, Ni and Zn in the soils were shown significant correlations with those in the crops.
The metal transfer factor (MTF) was found highest for Cd followed by Cr > Ni > Zn > Cu > Mn
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while the health risk assessment revealed that Cd showed a high level of health risk index
(HRIP10E-1) that would pose a potential health risk to the consumers [26]. The long term
wastewater irrigation were shown a substantial buildup of heavy metals with a significant
increase over reference soils which led to contamination of soils and food crops in the study
areas. The pollution load index values indicated that the wastewater-irrigated soils were
moderately enriched with Cr, Cu, Ni, Pb, and Zn, and strongly enriched with Cd. Furthermore, it
was concluded the wastewater-irrigated grown plants were contaminated with those heavy
metals and exceeded the permissible limits for vegetables set by SEPA and WHO. However, the
value of HRIs <1of studied metals indicated the relative absence of health risks associated with
the ingestion of contaminated vegetables [27].
The undisturbed columns of the acid subsoils of a sandy Podzol and a silty Cambisol were
irrigated for two years with 4 mm day−1 at 8 °C with either relatively small (HM1, 0.1 to 1 mg
L−1 corresponding to 0.9 to 19.2 μmol L−1) or markedly increased concentrations (HM2, 0.3 to
3 mg L−1 corresponding to 2.7 to 57.7 μmol L−1) of the heavy metals Pb, Cr(III), Cu, Ni and
Cd. PHREEQC2 was used to calculate one-dimensional transport and homogenous and
heterogenous reactions. The results indicated that neither the application of mechanistic nor
empirical models can be generally recommended for all soils. Thus calibration experiments
appear to be generally required for a subsequent accurate prediction of independent experiments
[28].

Conclusion
Estimations showed that intake of heavy metals for adults were found to be higher than those for
children, most probably due to relatively high consumption by adults. The HRI values for both
adults and children indicating that both adults and children may experience some adverse health
effects in the future, since chemical fertilizers and pesticides are indiscriminately used by Indian
farmers, which are probably the main sources of the toxic heavy metals accumulated in crops.
Organic agriculture with little use of agrochemicals could be the alternative solution for reducing
the contamination of toxic heavy metals particularly the toxic Cd, Cr, and Pb in the agricultural
crops. It is therefore suggested that the crops, particularly fruits, grains and vegetables from the
contaminated locations should not be consumed without proper treatment, and regular survey of
HMs should be conducted on all agricultural food crops in order to assess whether any health
risks from HMs exposure do exist, to assure food safety and to protect the consumers from food
that might cause health risks. Moreover, the Government as well as other institutions should
implement such measures regarding prevention and control of HMs contamination of agricultural
soil and crops to mitigate their associated health risks.
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Abstract:
The clean development mechanism (CDM) of Kyoto protocol is the first global,
environmental investment and credit scheme of its kind, providing a standardized greenhouse
gas emissions offset instrument. Reduction in one country benefits all other countries.
Through CDM, the industrialized countries with GHG reduction obligations under the Kyoto
protocol can provide financial support for GHG reduction projects in developing nations.
CDM comprises of a no. of projects like methane utilization, energy saving, carbon
sequestration, fossil fuel switch, biomass energy, etc. Landfilling is one of the most common
ways of municipal solid waste (MSW) disposal. Landfill gas CDM project offers the change
to reduce GHG emissions while upgrading landfill management practices using revenues
generated by the sale of emission reductions. Also with the advent of the Kyoto Protocol and
its recognition of the use of forestry activities and carbon sinks as acceptable tools for
addressing the issue of the build-up of atmospheric carbon, the potential role of planted
forests as a vehicle for carbon sequestration has taken on a new significance. Additionally,
the emergence of tradable emission permits and now tradable carbon offsets provides a
vehicle for financially capturing the benefits of carbon emission reductions and carbon
offsetting activities.
Keywords: Clean Development Mechanism, Green House Gases, Kyoto Protocol, Municipal
Solid waste.
INTRODUCTION:
Municipal solid waste (MSW) is made up of different organic and inorganic fractions like
food, vegetables, paper, wood, plastics, glass, metal and other inert materials. Typically the
landfill gas consists of 50-60 vol% of methane and 30-40 vol% carbon dioxide with
numerous chemical compounds such as aromatics, chlorinated 46 organic compounds and
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sulfur compounds. Landfills comprise the principal source of anthropogenic methane
emission and are estimated to account for 3-19% of anthropogenic emission globally.
The earliest landfill was started in 1975 in Delhi near Ring road. In 1978 two other landfills
were started at Timarpur and Kailash Nagar. To date 17 landfill sites have been filled and
closed. At present there are three large functioning landfill sites at Ghazipur, Okhla and
Bhalswa. The Gazipur landfill site covers an area of 73 acres (3.0×105 m2) and is operational
since 1983.The average waste depth is estimated around 12 m and it mainly comprises of the
waste from slaughterhouse, hospital, municipal, residential, construction and demolition
waste, and dairy industry. A computerized scale of 25 metric ton weighs all the vehicles
transporting the waste to the site[1].Land filling is commonly being developed as a
renewable source of energy through the systematic recovery and utilization of biogas
generated during anaerobic decomposition of municipal solid wastes. In India there is good
scope for the development of landfill gas technology as municipal solid waste contains a high
proportion of degradable organic matter. Biogas generation from various sources is also seen
as a key renewable energy source in the National Energy Policy refer Table.1.
LFG technology involves: (i) estimation of ultimate yield and generation rates of LFG on the
basis of waste composition; (ii) design of an LFG abstraction system appropriate to site
conditions and land filling practices; and (iii) cost-effective gas utilization schemes. In India,
the labour-oriented solid waste management systems concentrate more on the collection and
transportation stages. Disposal is mostly limited to uncontrolled filling of low-lying areas. As
the solid waste contains a good proportion of degradable organic matter, and there is a
growing energy demand in every sector of economy, there is good scope for controlled LFG
generation, recovery and utilization.A natural result of waste decaying in landfills is the
production of byproduct gases. This occurs Because of the anaerobic degradation of
biodegradable organic wastes. One of the byproducts of this decay process is the production
of methane (CH4). While there are several phases with unique characteristics, the most
important is the methane production phase, which is generally the steady state. The methane
production phase can be described by the following stabilization equation:
CHONS (proteins) + H2O → H2O + CO2 + CH4 + H2 + NH4 + HS.
Where the transition is driven by the presence of anaerobic bacteria. The average
composition of this landfill gas is about 50% methane (CH4), 45% carbon dioxide (CO2), and
5% nitrogen (N2)And other gases. However, the actual composition of gases depends upon
the amount of organic matter feedstock, rain infiltration, the anaerobic environment, and the
age of the landfill refer Table.2.As a result of increased environmental awareness, there has
been an emergence of alternative and ‘‘add-on” features to land-filling such as energy
recovery from LFG recovery, aerox landfills, pre-composting of waste prior to landfilling
and compost capping; all of which have various impacts on GHG emissions. Landfills can be
great C sinks owing to slow degradation of waste. The amount of C stored in a landfill is
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dependent on the deposited waste stream’s DOC and their rate constant, both of which can be
obtain from the IPCC (2006).
Table.1: Composition of Municipal Solid Waste in India
S. No. Description
Vegetable, leaves
Grass
Paper
Plastic
Glass, ceramics
Metal
Stone, Ashes

1.
2.
3.
4.
5.
6.
7.

Percentage
by Weight
40.15
3.80
0.81
0.62
0.44
0.64
41.81

Source: Status of Solid Waste Generation, Collection, Treatment and Disposal in Indian
Cities (www.indiastat.com).
Table.2: Land fills Gas Composition
S.No.
1.
2.
3.
4.
5.
6.

Constituent
Methane,CH4
Carbon
dioxide, CO2
Nitrogen, N2
Hydrogen, H2
Hydrogen
Sulfide,H2S
Oxygen,O2

Percentage
Range (%)
55-75
25-45
0-0.3
1-5
0-3
0.1-0.5

Source: Status of Solid Waste Generation, Collection, Treatment and Disposal in Indian
Cities (www.indiastat.com).
Landfill Gas Migration:
Landfill gas that is produced within the landfill mass will generally move away from the
landfill. Landfill gasses can migrate through the soils or through ambient air (dispersion).
The production of landfill gas results in pressure gradients (advection) and concentration
gradients (diffusion) between the landfill and the surrounding environment. Landfill gas will
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migrate from the source area (landfill) along the path of least resistance due to pressure,
density, and concentration gradients. Methane is lighter than air and carbon dioxide is
heavier than air. However, they "... will not separate by their individual density..", but rather
move, ".. as a mass in accordance with the density of the mixture and other gradients such as
temperature and partial pressure" (According to EPA, April 1992). This usually results in
landfill gas moving upward through the landfill surface into the landfill gas collection system
or through the surface soils into ambient air. However, the upward movement of landfill gas
can be inhibited by compacted waste or landfill cover materials. This can result in landfill gas
migrating horizontally through the waste mass into surrounding soils, utility conduits or
structures if an adequate gas collection system is not designed and constructed [2],[3].
Factors Affecting Landfill Gas Migration
Landfill gas has been detected in soils at distances of up to 1,500 feet from the edge of waste
at landfills. As with groundwater flow, highly porous materials, such as fine to coarse sands
and gravels, will provide more passageways for landfill gases than fine-grained soils such as
till, silts and clays. However, landfill gas migration differs from migrating contaminated
groundwater in that gas flows within the soils along its own pressure and concentration
gradient, which can cause gas migration in a direction opposite to groundwater flow or
topography. Also, landfill gas flow in soils is impeded by soils that are saturated. For
example, wetlands and other locations where exposed groundwater is situated, act as barriers
to the migration of landfill gas. The water table (non-perched) is a barrier to landfill gas
migration. Perched water table conditions, however, do not prevent landfill gas from
migrating through soils located in between the perched water table interval and underlying
water table. Landfill gasses can move through the landfill surface to the ambient air. Once in
the air, landfill gasses can be carried off site to receptors by the wind. Odors are an indicator
of gas moving in ambient air. The concentration of gases in ambient air, where people may
be exposed, depends on many factors including, but not limited to: proximity to the landfill,
landfill gas production rates, landfill gas constituent concentrations within the landfill, and
pressure gradients within the landfill, gas control systems, topography, weather and change
in seasons (temperature inversions).
Land filling and Life Cycle Assessment
Life Cycle Assessment (LCA) is used as the analytical tool to evaluate the environmental
consequences of landfilling holistically. The generation of municipal solid waste (MSW)
increases with socio-economic development. In an emerging economy such as India, rapid
population growth has further added to the intensity of waste generation. As landfill is a low
cost and easily manageable technology, it is a very popular mode of waste management. The
inevitable consequences of the practice of solid waste disposal in landfill are gas and leachate
(any liquid that, in passing through matter, extracts solutes, suspended solids or any other
component of the material through which it has passed) generation due primarily to microbial
decomposition, climatic conditions, refuse characteristics and landfilling operations. For
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small landfills, the methane can be collected and flared. However, for large landfills, the
collected methane gas can be used to generate electricity and/or heat.
The OECD (Organization for Economic Co-operation and Development) is projected to
decrease its landfill emissions by 31% in 2020 compared to 1990 levels, developing countries
are expected to generate more waste and in the same period of time contribute to a 7%
increase in total global landfill gas emissions reaching 817 MtCO2eq in 2020.
Landfill gas projects were among the first projects registered by the UNFCCC (UNFCCC,
2010) and many big dump-sites around the world have been ‘‘cleaned” thanks to the
incentives created by the CDM. These are mainly based on revenues from methane
destruction which make the projects financially very attractive [4], [5].
Understanding the carbon balance of landfilling
“Sequestration,” is important because it removes carbon from the natural carbon cycle
indefinitely, reducing net emissions of greenhouse gases. Carbon is naturally removed from
the atmosphere and stored in forests (and then in harvested wood products, e.g., paper,
lumber, furniture), yard trimmings, and food scraps via photosynthesis. Once these materials
are disposed of in a landfill, only a portion of them will decompose, while a portion will
remain stored in the landfill indefinitely. Decomposition of the waste creates landfill gas,
which is primarily composed of methane and carbon dioxide, as well as small amounts of
volatile organic compounds. The proportion of the solid waste in landfills that decomposes
depends on the type of waste, the amount of moisture, and other factors that affect the growth
of microbes that break down the waste, and whether the landfill is operated to retard or
enhance waste decomposition. The landfilling of harvested wood products, yard trimmings,
and food scraps stores a significant amount of carbon that would otherwise decompose and
release carbon to the atmosphere. Thus landfill carbon storage should be accounted for in
greenhouse gas inventories. The Intergovernmental Panel on Climate Change recommends
doing so by accounting for carbon storage associated with disposal of harvested wood
products, yard trimmings, and food scraps in landfills.
Carbon Sequestration in Landfills
Much of the disposed wood and paper products remain in the landfill for very long periods of
time. Landfills mitigate carbon buildup in the atmosphere through carbon sequestration,
offsetting methane emissions.
Carbon Dioxide Sequestration
CO2, photosynthetically fixed, entering and remaining undecomposed ("sequestered") within
landfills, should comprise roughly 500 million tonnes per year of CO2 removed from the
atmosphere. The net "greenhouse" benefit clearly depends on the basis for comparison (after
all, conventional landfills sequester. as well). Still, such landfill sequestration of
photosynthetically fixed carbon provides clear greenhouse benefit relative to common
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practices of aerobic composting, increasingly applied in developed countries, or to the open
burning so common in developing countries [6].

Figure.1: Integrated Municipal Waste Processing Complex at Ghazipur, Delhi

Unique Waste Processing Company (UWPC) is a 100% subsidiary of IL&FS Infrastructure
Development Corporation Limited (IIDC) that has been incorporated for developing
municipal waste management and processing projects through Public Private Partnership
(PPP) framework in various parts of India. “East Delhi Waste Processing Company Private
Limited” (“EDWPC”) is a special purpose vehicle, incorporated by UWPC for developing
project for processing municipal waste using the technologies of processing municipal waste
and also to produce as by-Products, inter alia, refuse derived fuel, fluff, organic manure, and
use such products for generating electricity at the Ghazipur site. EDWPC is working in close
co-ordination with Municipal Corporation of Delhi (MCD) for developing a waste processing
facility at the Ghazipur site to be developed on a build, operate and transfer basis to enable
augmentation of the waste disposal capabilities of MCD. The integrated municipal wasteprocessing complex includes a MSW processing plant at Ghazipur to produce Refuse
Derived Fuel (RDF) along with a power plant of 10 MW capacities where the RDF derived
from the waste will be used as fuel to produce renewable electricity. MSW processed will be
on an average 1300 Tons per day (TPD).
The components of the project are further listed below:
MSW processing plant on the lines of DST-TIFAC technology for RDF preparation. The
plant shall be capable of processing 1300 TPD of MSW. Power Plant of 10 MW capacity
In addition, the project activity will also address to some extent the acute energy crisis faced
by northern India by producing 10MW of clean electricity that will be supplied to the local
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region which is being fed by Northern grid. Thus the project would achieve significant
reduction in green house gas emission due to the following two components [7].Avoidance of
methane emission from dumping solid waste in the landfill (dump) sites. Replacement of
energy from carbon intensive northern regional grid of India by supply of renewable
electricity. The location detail of the project activity along with the map is given below [8],
[9]:

Figure.2: Location of Project Site Ghazipur, Delhi, 28037’ (latitude), 77020’ (longitude)

METHODOLOGY:
Emission reduction is estimated following the approved methodology AM0025.The
estimation of project emission, baseline emission and leakage emission is described as
below[1],[10].:
Project Emission
The project emissions in year y are:
PEy = PEelec, y + PEfuel, on-site, y + PEc, N2O, y + PEc, CH4, y
Where:
PEy
project emissions during the year y (tCO2e)
PEelec, y
emissions off-site from electricity consumption on-site in year y (tCO2e)
PEfuel, on-site,y emissions on-site due to fuel consumption on-site in year y (tCO2e)
PEc,N2O,y
emissions during the composting process due to N2O production in year y
(tCO2e)
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PEc,CH4,y

emissions during the composting process due to methane production through
anaerobic conditions in year y (tCO2e)

Emissions from electricity use
The project activity will involve on-site electricity consumption. Electricity may be
purchased from the grid or generated on-site. The CO2 emissions from electricity generation
are calculated as follows:
PEelec, y = kWhe, y * CEFelec
Where:
KWhe, y
CEFelec

is amount of electricity used for the composting process, measured using an
electricity meter (MWh)
carbon emissions factor for electricity (tCO2/MWh).
To account for emissions of electricity generation on site, project participants
should use for CEFelec, the default emission factor for a diesel generator with a
capacity of more than 200 kW for small-scale project activities (0.8
tCO2/MWh)

Emissions from fuel use on-site
Project participants shall account for CO2 emissions from any on-site fuel combustion (apart
from electricity generation, e.g. vehicles used on-site, heat generation, etc). Emissions are
calculated from the quantity of fuel used and the specific CO2-emisison factor of the fuel, as
follows:
PEfuel, on-site,y = Fcons,y * NCVfuel * EFfuel
Where:
PEfuel, on-site, y is CO2 emissions due to on-site fuel combustion in year y (tCO2)
Fcons, y
is fuel consumption on site in year y (l or kg)
NCVfuel
is net caloric value of the fuel (MJ/l or MJ/kg)
EFfuel
is CO2 emissions factor of fuel (tCO2/MJ)
Project participants may use IPCC default values for the net calorific values and CO2
emission factors.
Emissions from composting
N2O emissions: During storage of waste in collection containers, the composting process
itself and when the compost is finished, N2O emissions might be released. Based upon
Schenk3 and others, a total loss of 42 mg N2O-N per kg composted dry matter can be
expected (from which 26.9 mg N2O during the composting process). The dry matter content
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of compost is around 50% up to 65%. Based on these values, project participants should use
a default emission factor of 0.043 kg N2O per ton of compost for EFc,N2O and calculate
emissions as follows:
PEc,N2Oy = Mcompost,y * EFc,N2O * GWPN2O
Where:
PEc,N2Oy
Mcompost, y
EFc,N2O
GWP

is N2O emissions from composting in year y (tCO2e)
is total quantity of compost produced in year y (tonnes/a)
is emission factor for N2O emissions from the composting process
(t N2O / t compost)
is Global Warming Potential of nitrous oxide, (tCO2/tN2O)

CH4 emissions: During the composting process, aerobic conditions are not completely
reached in all areas and at all times. Pockets of anaerobic conditions – isolated areas in the
composting heap where oxygen concentrations are so low that the biodegradation process
turns anaerobic – may occur. The emission behavior of such pockets is comparable with the
anaerobic situation in the landfill, so anaerobia during the composting process is a potential
emissions source for methane just like an unmanaged landfill is. Through predetermined
sampling procedures the percentage of waste that degrades under anaerobic circumstances
can be determined. Using this percentage, project methane emissions from composting are
calculated as follows:
PEc, CH4 = MBy * GWPCH4 * Sa
Where:
PEc, CH4
Sa, y
MBy
GWPCH4

is project methane emissions due to anaerobic circumstances in the
composting process in year y (tCO2e)
is share of the waste that degrades under anaerobic circumstances in the
composting plant during year y (%)
is quantity of methane that would be produced in the landfill in the absence of
the project activity in year y (tCH4)
is Global Warming Potential of methane (tCO2e/tCH4)

Now,
Sa = SOD / Stotal
Where:
SOD

is number of samples per year with an oxygen deficiency (oxygen content below
10%)
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Stotal

is total number of samples taken per year, where Stotal should be chosen in a manner
that ensures estimation of Sa with 20% uncertainty at 95% confidence level.
Baseline emissions
To calculate the baseline emissions project participants shall use the following equation:
BEy = (MBy - MDreg,y) * GWPCH4
Where:
BE, y
MB, y

is baseline emissions in year y (tCO2e)
is methane produced in the landfill in the absence of the project activity in
year y (tCH4)
MDreg, y
is methane that would be destroyed in the absence of the project activity in
year y (tCH4)
GWPCH4
is Global Warming Potential of methane (tCO2e/tCH4)
In cases where regulatory or contractual requirements do not specify MDreg,y, an Adjustment
Factor (AF) shall be used and justified, taking into account the project context. In doing so,
the project participant should take into account that some of the methane generated by the
landfill may be captured and destroyed to comply with other relevant regulations or
contractual requirements, or to address safety and odour concerns.
MDreg,y = MBy * AF
Where:
AF
is Adjustment Factor for MB, y (%). AF is defined as the ratio of the destruction
efficiency of the collection and destruction system mandated by regulatory or
contractual requirement to that of the collection and destruction system in the project
activity.
The ‘Adjustment Factor’ shall be revised at the start of each new crediting period taking into
account the amount of GHG flaring that occurs as part of common industry practice at that
point in the future.
Methane generation from the landfill in the absence of the project activity
The amount of methane that is generated each year (MBy) is calculated for each year with a
multi-phase model. The model is based on a first order decay equation. It differentiates
between the different types of waste j with respectively different decay rates kj (fast,
moderate, slow) and fraction of degradable organic carbon (DOCj). The model calculates the
methane generation based on the actual waste streams Aj, x disposed in the most recent year
(y) and all previous years since the project start (x=1 to x=y). The amount of methane
produced in the year y (MBy) is calculated as follows:

MBy =.

.

DOCf. MCF.

. DOCj. 1-

.
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Where:
MB, y
φ
F
DOCj
DOCf
MCF
Aj, x
kj
j
x
y

is methane produced in the landfill in the absence of the project activity in
year y (tCH4)
is model correction factor (default 0.9) to correct for the model-uncertainties
is fraction of methane in the landfill gas
is per cent of degradable organic carbon (by weight) in the waste type j
is fraction of DOC dissimilated to landfill gas
is Methane Correction Factor (fraction)
is amount of organic waste type j prevented from disposal in the year x
(tonnes/year)
is decay rate for the waste stream type j
is waste type distinguished into the waste categories (from A to D)
is year during the crediting period: x runs from the first year of the first
crediting period (x=1) to the year for which emissions are calculated (x=y)
is year for which LFG emissions are calculated

Model Correction Factor (φ): The relative error of multi-phase models assessed to be 18%.
Methane correction factor (MCF): The methane correction factor (MCF) accounts for the fact
that unmanaged landfills produce less methane from a given amount of waste than managed
landfills, because a larger fraction of waste decomposes aerobically in the top-layers of
unmanaged landfills. The proposed default values for MCF are listed as below.
Table.3: Correction Factors Solid Waste Disposal Site (SDWS) Classification and Methane
Type of site

MCF default values

Managed site

1.0

Unmanaged site – deep (> 5 m waste)

0.8

Unmanaged site – shallow (< 5 m waste)

0.4

Note: Managed SWDS must have controlled placement of waste
(i.e. waste directed to specific deposition areas, a degree of
control of scavenging and a degree of control of fires) and will
include some of the following: cover material, mechanical
compacting or leveling of waste.

Source:

Table

5.1

in

the

2000

IPCC

Good

Practice
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Guidance

Table.4: Waste stream decay rates (kj) and associated IPCC default values for DOCj
Waste stream A to E

Percent DOCj (by weight)

Decay-rate (kj)

Paper and textiles

40

0.023

Garden and park waste and other
(non-food) putrescibles.

17

0.023

Food waste

15

0.231

Wood and straw waste1)

30

0.023

Inert material

0

0

Excluding lignin-C
Fraction of degradable organic carbon dissimilated (DOCf): The revised IPCC Guidelines
propose a default value of 0.77 for DOCf. A lower value of 0.5 should be used if lignin-C is
included in the estimated amount of degradable organic carbon. The amount of organic waste
type j (Aj,x) is calculated based on the total amount of waste collected in the year x (Ax) and
the fraction of the waste type in the samples (pn,j,x), as follows:

Aj, x = Ax
Where:
Aj, x
Ax
Pn, j, x
z

is amount of organic waste type j prevented from disposal in the year x
(tonnes/year).
is amount of total organic waste collected during the year x (tonnes/year).
is fraction of the waste type j in the sample n collected during the year x
is number of samples taken during the year x

Calculation of F: The project participant shall determine F with the following preferences:
1. Measure F on an annual basis as a monitoring parameter, at a landfill in the proximity of
the composting plant, receiving comparable waste as the composting plant receives.
2. Measure F once prior to the start of the project activity at a landfill in the proximity of the
composting plant, receiving comparable waste as the composting plant will receive.
3. In case there is no access to a landfill, the project participants should apply the
conservative default value of 0.5, being the lower end of IPCC range of 0.5 – 0.6.
Leakage emission
The only source of leakage considered in the methodology is CO2 emissions from off-site
transportation of waste materials. The composting project may result in a change in transport
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emissions. This would occur when the waste is transported from waste collecting points in
the collection area to the composting facility, instead of to existing landfills. When it is likely
that the transport emissions will increase significantly, such emissions should be incorporated
as leakage. In this case, project participants shall document the following data in the CDMPDD: an overview of collection points from where the waste will be collected, their
approximate distance (in km) to the composting facility, existing landfills and their
approximate distance (in km) to the nearest end-user. For calculations of the emissions, IPCC
default values for fuel consumption and emission factors may be used. The CO2 emissions
are calculated from the quantity of fuel used and the specific CO2-emission factor of the fuel
for vehicles i to n, as follows:

Ly =

* kmi, y * VFcons, i * CVfuel * Dfuel * EFfuel

Where:
NOvehicles, i, y
Kmi, y
VFcons
CVfuel
Defuel
EFfuel

is number of vehicles for transport with similar loading capacity.
is average additional distance travelled by vehicle type i compared to
baseline in year y
is vehicle fuel consumption in liters per kilometer of vehicle type i
(l/km)
is Calorific value of fuel (MJ/Kg)
is density of fuel (kg/l)
is Emission factor of fuel (tCO2/MJ)

Emission Reductions
To calculate the emission reductions, the following equation is used:
ERy = BEy – PEy – Ly
Where:
ERy
BEy
PEy
Ly

is emissions reductions in year y (t CO2e)
is emissions in the baseline scenario in year y (t CO2e)
is emissions in the project scenario in year y (t CO2e)
is leakage in year y (t CO2e)

If the sum of PEy and Ly is smaller than 1% of BEy in the first full operation year of a
crediting period, the project participant may assume a fixed percentage of 1% for
PEy and Ly combined for the remaining years of the crediting period.

944 J.C. Bose University of Science and Technology, YMCA, Faridabad

Using the above emission formulae for the GHAZIPUR LANDFILL, the estimated amount
of emission reductions over the fixed ten year crediting period are given in Table.4 and
Table.5:
III RESULTS AND DISCUSSIONS
Table.4: Annual Estimation of Emission Reduction in tones of CO2 Equivalent
Year
Annual In tones of CO2
Estimation
of Equivalent
Emission
Reduction
32632
2010-2011
60822
2011-2012
86977
2012-2013
110964
2013-2014
104099
2014-2015
120118
2015-2016
134935
2016-2017
148642
2017-2018
161327
2018-2019
173067
2019-2020
Fixed Crediting Period: 01.11.2010

Figure.3: Assessing of Project Potential Ghazipur Landfill, Delhi
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Table.5: Total net emissions as per the UNFCCC for Ghazipur area
Year

201011
201112
201213
201314
201415
201516
201617
201718
201819
201920
Total

Avoi Complia BA Complia Project Leaka Net
dance nce (%) U
nce
Emissi ge
Emissio
Of
(%) adjusted on
ns
Meth
ane
Emis
sions
33895 10
90 30505
34612.5 53
-4160

35393

31233

65217

10

90

58695

34612.5 53

24030

35393

59423

94168

10

90

84751

34612.5 53

50085

35393

85478

120930 10

90

108837

34612.5 53

74172

35393

109565

145675 30

70

101973

34612.5 53

67307

35393

102700

168569 30

70

117992

34612.5 53

83326

35393

118719

189726 30

70

132808

34612.5 53

98143

35393

133536

209309 30

70

146516

34612.5 53

111851

35393

147244

227430 30

70

159201

34612.5 53

124535

35393

159928

244201 30

70

17941

34612.5 53

136275

35393

171668

1112219

346125

765563

353930

1119493

530

Emissio
ns due
to
export
of
Power

Total
net
emissi
ons

Fixed crediting period: 1/11/2010, Duration: 10 years
Expected operational lifetime: 25 years

This baseline emission estimation if certified is called as certified emission reduction (CER)
and is used to issue the carbon credit. Carbon credit. The CER will be issued based upon the
emission reduction achieved by the project activity. The annual average over the fixed ten
year crediting period is 113348 tonnes of CO2e.
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IV. CONCLUSIONS
The feasibility analysis using CDM potential in the integrated municipal waste processing
complex in Ghazipur landfill area was done considering the UNFCCC project design
document form (CDM PDD) Version 05 and a relation between the CDM projects and the
baseline emission is drawn. This baseline emission estimation if certified is called as certified
emission reduction (CER) and is used to issue the carbon credit. The CER will be issued
based upon the emission reduction achieved by the project activity. The annual average over
the fixed ten year crediting period is found out to be 113348 tonnes of CO2e.By any measure,
the CDM is a work in progress. Since its inception it has experienced an almost exponential
growth in project numbers. In particular India has recognized the benefits of CDM program
and hosted a number of projects. The past few years have demonstrated that the CDM has the
potential to be a major avenue for international cooperation in GHG emissions reductions.
The carbon credit is of high value so as to attract more investment in renewable energy
projects and hence, a measure to mitigate the GHG’s to some extent and has a better
environment to live in.
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