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Chairman's Message

Ajay Goyal
Chairman
Samalkha Group of Institutions
www.sgi.ac.in

With your co-operation, inaugural issue of our institute's journal “SGI Reflections-International Journal of
Science, Technology and Management” was a great success. Our team has further worked hard to improve the
quality of contents in 2nd issue of the Journal and I am sure that you will find the contents extremely useful from
academic and professional angle.
SGI in endeavoring into best to cope-up with the emerging challenges in meeting the needs for quality
education.
Your contribution and further suggestions shall be extremely helpful to SGI for continuous improvement.
I wish SGI-Reflections a great success.

1

SGI Reflections - International Journal of Science, Technology & Management

ISSN 0976-2140

From the Desk of Editor-in-Chief

Friends
The 2nd issue of SGI Reflections- International Journal of science, Technology and Management is before you.
First issue of this Journal (vol.1, June 2010) was a great success. About 400 copies of the journal were
circulated. Response of readers was amazing. We got lot of appreciation letters for our endeavor, healthy
comments and exchange offers from many Institutes.
I am very sure that the 2nd issue shall provide you immense amount of knowledge in the various areas of
Science, Technology and Management. Contributions have been examined by expert before acceptance for
publication.
I am grateful to all those who have worked very hard to make the publication of this issue feasible in time both
from the quantitative and qualitative angle. I further hope that you will be extending your full co-operation in
future by making contribution to this esteemed journal.
I wish all the best and great success to “SGI Reflections International Journal of Science, Technology and
Management”

Dr. Rajesh Goel
Editor in- chief
International Journal of Science, Technology & Management
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Dr. Rajesh Goel
Ph.d (ECE), M.Tech (Gold Medalist), B.E.
L.M.I.S.T.E., F.I.E.T.E., M.I.E
DIRECTOR, Samalkha Group of Institutions

Professor Dr. Rajesh Goel was born in Kasauli (HP). He graduated in Electornics Engineering from
Amaravati University. He topped his Ccollege and was also a university position holder. Dr. Rajesh
Goel subsequently did his Master in Technology (Electronics & Communication Engineering) from
NIT Kurukshetra (Formerly REC, Kurukshetra) and maintaining his achievement record he was
awarded Gold Medal from His Highness Hon'ble Governor of Haryana. He did his Ph.D. from
Punjab Technical university, Jalandhar and conferred withDoctorate from His Excellency, Hon'ble
Governor of Punjab. He was the founder Head of the Department and Principal at three other
Institutions of repute in Haryana. He had been the Member of Board of students, Kurukshetra
University, Kurukshetra for many years. His name was short listed for Vijay Rattan by India
international Friendship society. He got the appreciation letter for his demonstration on
"Optimization Techniques on Wireless Communication" from Head-Network Quality and
Operations. Hutchison Essar Mobile Service Ltd. (Now Vodafone Essar Group). He is member of the
various professional bodies like Institution of Engineers (India), Calcutta, IETE, and ISTE-New
Delhi. He has published many research papers in International Journals and Conferences and is
reviewer for referred international journal "Active and Passive Electronic Component". He has a
multifaceted experience in industry, teaching and administration in the field of Electronics,
Computers and Information Technology. During his work he visited many countries like United Arab
Emirates and Australia and developed many associates/contacts with students, professors,
entrepreneurs and engineers in India, Australia, USA and Europe.
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Prof. HL Chhatwal
Dean, MBA
Faculty of Management
Samalkha Group of Institutions

He is a Graduate in Mechanical Engineering. In addition, he is MBA, PG Dip HRM and PG Dip
International Business Operations. He is Ex Scientist 'G' (Joint Secy- Level) and Associate Director,
Management from DRDO, Ministry of Defence. He has undergone extensive training programmes in
various areas of Technology and Management from leading Institutes. His core areas of interest have been
Cryogenic Engineering, Manufacturing (Conventional & CNC), Advanced and Non-Conventional
Manufacturing Techniques, Ultra High vacuum Technology, Miniature Stirling Cryo-coolers for IR Night
vision devices for Main Battle Tanks, encapsulation of IR Semiconductor devices for Seeker Heads ,
Development of Hardware for VT & Proximity fuzes for Artillery Shells, Thermal Management in
Electronic Systems , HRD Strategies & Systems, Organization Behaviour, Orgn Design, Development &
Change , Legal Frame-work,

Production & Operations Management, Technology Management,

Strategic Management, Export-Import Procedures and Documentation & Foreign Exchange
Management. He has attended very large number of International & National Conferences in the various
areas of Technology & Management.
He is winner of DRDO Silver Jubilee award, Group Technology award for S-Band Rotary field Phase
Shifter, Commendation and cash award for significant contribution in Integrated Guide Missile
Programme of DRDO and Commendation certificate for contribution in developing Implant Technology.
He has been Consultant to many leading Scientific Institutions in the areas of Cryogenic Engineering and
Management.
After Superannuation & before joining SGI he has been Professor in MBA Deptt. of a very reputed college
affiliated to Kurukshetra University, HOD Deptt. of Business Administration and Advisor, Corporate
Relations at HMRITM, GGSIP University, Delhi & Consultant at CFEES for project on Water-mist,
Technologies for ATV programme. He has also been visiting faculty at Delhi Centre of IMT, Ghaziabad.
He has twenty publications to his credit in International & National Journals of High impact factor, in
addition to very large number of Technical Reports for DRDO Projects. He is Member, Institution of
Engineers, All India Management Association & Life Member, Institute of Defence Scientists &
Technologists.
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Ajay Kakkar
Department of Electronics and
Communication Engineering of
Thapar University, Patiala-India

He is presently working in the Department of Electronics andCommunication Engineering ofThapar
University, Patiala. He was member of Technical Scientific Committee for the 5th International
Conference on DATA NETWORKS, Communications and Computers DNCOCO -WSEAS held at
Bucharest, Romania on 16th-18th of October, 2006. He reviewed many research papers for
Information Security Journal published by Taylor and Francis, International Journal of Network
Security, WSEAS. He also performed the same task for various National and International
Conferences. He also acted as editor for various conferences. He chaired sessions in various
conferences organized by the university. He published more than 30 research papers in different
Journals and Conferences. He acted as a reviewer for 36th IEEE Conference on Power Electronics
PESC, 38th IEEE Power Electronics Specialists Conference PESC, held on 17th-21st of June, 2007 in
Orlando, Florida, USA and 39th IEEE Power Electronics Specialists Conference PESC held on 15th19th of June, 2008 in Islands of Rhodes, Greece. He also guided the students at different levels. His
research area is Data Security, Reliable Communication and Adhoc Networks.
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Dr. Lester Ingber
Ph.D.

Professor Lester has published more than 100 publications in various International
Journals/Conferences. He also guided several research dissertations at various levels such as
Masters/Doctoral level. He also handled several research projects funded by Government and other
external agencies. He served in various reputed organizations such as State University, New York at
Stony Brook, Asst. Professor of Physics (1969-1970), UC San Diego, Asst. Research Physicist
(1970-1972), Physical Studies Institute, President Nonprofit Corp. (1970-1986), National
Research Council, Senior Research Associate (1985-1986), Naval Postgraduate School, Professor of
Physics (1986-1989), US Army Concepts Analysis Agency, Guest Professor (1989), National
Research Council, Senior Research Associate (1989), George Washington University, Research
Professor of Mathematics (1989-1990), DRW Trading, Chicago IL, Director R&D (1997-2001),
DUNN Capital Management, Stuart FL, Director R&D (2002-2003) and Lester Ingber Research
(LIR), Interdisciplinary Research/Consulting (1989). He received his B.S in Physics, Ph.D. in
Theoretical Nuclear Physics and Postdoc. from California Institute of Technology, University of
California, San Diego and National Science Foundation Postdoc, UC Berkeley and UC Los Angeles
respectively.
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Dr. Tohru Kawabe
E-mail: kawabe@cs.tsukuba.ac.jp
http://tk2.cs.tsukuba.ac.jp/~kawabe

Professor Dr. Tohru Kawabe obtained his Ph.D. in Applied Mathematics and Physics from
Kyoto University in Japan. He is currently an associate professor of Graduate School of
Systems and Information Engineering at University of Tsukuba in Japan.
From 1990 to 1995, he was a Research Associate of the Department of Information Science
and Intelligent Systems, University of Tokushima, and from 1995 to 1997, he was a Lecturer
in the Information Processing Center, University of Tokushima.
Since 1997, he has been an Assistant Professor of the Institute of Information Sciences and
Electronics, University of Tsukuba. He is currently an Associate Professor in the Department
of Computer Science, Graduate School of Systems and Information Engineering at
University of Tsukuba in Japan.
Also, from July 2000 to July 2001, he has been a visiting researcher at the Automatic Control
Laboratory (IfA), the Swiss Federal Institute of Technology (ETH) in Zurich, Switzerland.
His research interests include robust control, hybrid systems, optimization theory, brain
machine interface and their applications.
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Dr. Senol Ataoglu
Civil Engineering Department
Istanbul Technical University
Maslak 34469 Istanbul, Turkey

He is well known personality in the field of Aeronautical Engineering. Many research papers were
credited against his name. He received his Ph.D. and Post-Doc. in Structural Engineering from
Istanbul Technical University (1999) and Florida Atlantic University, Ocean Eng. (Nov 99-July 01)
respectively. His research topics were Numerical methods, Solid mechanics, Experimental
mechanics, Pipelines. His recent publications are as follows:


Abdulaliyev Z, Ataoglu S, Bulut O, Kayali ES, Three-dimensional
stress state around corrosive cavities on pressure vessels, Journal of
Pressure Vessel Technology - Transactions of the ASME, 132(2),
021204, 2010 DOI: 10.1115/1.4000508



Qureshi A, Singh D, Singh NL, Ataoglu S, Gulluoglu AN, Tripathi A,
Avasthi D.K., Effect of irradiation by 140 MeV Ag11+ ions on the
optical and electrical properties of polypropylene/Tio2 composite,
Nuclear Instruments & Methods in

Physics

Research Section

B-beam Interactions with Materials and Atoms, 267 (20),
3456-3460, 2009 DOI:10.1016/j.nimb. 2009.07.016


Ataoglu S, A two dimensional mixed boundary-value problem in a
viscoelastic medium, Structural Engineering and Mechanics, 32 (3),
407-427, 2009



Arda L, Ataoglu S, Bulut O, Effect of Temperature and Film Thickness on Residual Stress and Texture of Re2O3 Buffer Layers for
YBCO Coated Conductor, IEEE Transactions on Applied Super
conductivity, 19 (3), 3291-3294, 2009



Ataoglu S, Arda L, Kadioglu N, Cakiroglu O, Bulut O, Gulluoglu
AN, Belenli I, Preparation and thermal stress analysis of Al2O3 insuLation coatings on SS-304 tape, IEEE Transactions on Applied Super
conductivity, 19 (3), 2375-2378, 2009
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Dr. Praveen Bhatt
Professor in Physics
Faculty of Engineering
Samalkha Group of Institution

He is presently working as a Professor in Physics & Head of the Department (Applied Sciences and
Humanities) in SGI, Faculty of Engineering, Hathwala Road, Samalkha (Panipat). He is Post
Graduate in both Physics and Mathematics from Chaudhary Charan Singh University, Meerut. He
did his Ph.D. in Atomic Physics from Chaudhary Charan Singh University, Meerut. He is the life
time member of Indian Society of Atomic and Molecular Physics, Physical Research Laboratory
(PRL) Bhat Navrangpura, Ahamdabad (Gujrat). He Published more than fifteen research papers both
National and International in reputed Jounrals & presented various research papers in both National
and International Conferences.
Dr. Praveen Bhatt has more than twelve years of teaching and research experince both Post Graduate
& Under Graduate courses. He supervised eighteen M.Phil and seven Ph.D. scholars registered under
him.
His area of research is Atomic, Molecular Physics & Spectroscopy.
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Dr. Mohinder Pal
Professor,

RIMT-IET, Mandi Gobindgarh,
Punjab

Qualification: Ph.D in Physics, UGC-NET, GATE
Area of Specilization : Solid State Physics, Engineering Physics, Mathematical Physics, Material
Science.
Title of Ph.D Thesis: Investigations on the wave phenomenon characteristics in piezothermoelastic
materials
Number of M.Phill Thesis Guided: 04
Permanent Address : Mohinder Pal S/O Sh. Bhagi Rath Village Kuriah P.O. Nara Tehsil Barsar
Distt. Hamirpur (H.P)
E-Mail : mohinderpal77@gmail.com
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Dr. Bimal Anjum
RIMT-IET,
Mandi Gobindgarh.

Dr. Bimal Anjum is M.Com, M.Phil, Ph.D from Kurukshetra University, Kurukshetra. He is in
teaching since 1997 and presently working as Professor & Head, Department of Business
Administration, RIMT-Institute of Engineering & Technology, Mandi Gobindgarh. His area of
specialization is Accounting & Finance. He has presented thirty two research papers, twenty three in
national conferences and nine in international conferences and, shared four technical sessions as
chairperson in national/international conferences. He has successfully supervised more than 100 PG
Major Research Projects, thirteen M.Phil scholars and five Ph.D are under supervision. He is visiting
faculty for MBA programmes for IMT Ghaziabad and Pandicherry University. He has is the author of
two books on Corporate Tax Planning and Management of Financial Institutions .
Dr Bimal Anjum worked as coordinator in number of FDP's, BSDP's, EDP, MDP programmes
organized by Government of India and worked on the major project of Ministry of MSME-DI (Govt.
of India) on Steel Cluster Development in Mandi Gobindgarh.
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Prof. Alpana Agarwal
Thapar University, Patiala

Dr. Alpana Agarwal is working at Electronics & Communication Engineering Department at Thapar
University, Patiala since 1996. She started her research career at CEERI, Pilani in 1988. She has
published over 25 research papers (contributed and invited) in various

reputed

International/National Journals and Conferences. She has supervised over 40 M.E./M. Tech. thesis
in the area of Microelectronics/VLSI Design. One of the thesis won the All India Best Thesis Award
for the year 2007 among PI category under SMDP VLSI Project. She has organized two conferences
and four Short Term Courses. She was awarded with INSA Visiting Scientist Fellowship for six
months to carry out research in 2004. Her areas of research interest include ASIC Design, VLSI
Architectures, Analog IC Design-Synthesis, Design Automation, etc. She has written AICTE-CEP
course material on “VLSI Design Concepts” in 2003 and Self Instructional Material on two subjects
for Distance Education Program at TU. She had been instrumental in starting two PG programs M.E.
(Electronic & Communication) in 2000 and M. Tech. (VLSI Design & CAD) in 2003 at TU. She is
the overall coordinator of all VLSI related programs, projects and activities at TU. She has been
associated with some lecture courses/consultancies on specific user requests from industries like
CMC, Usha Matra, ST Microelectronics & other National R&D and academic institutions. She has
been an adjunct faculty (from 1990 to 1996) at BITS, Pilani where she has taught VLSI Design
courses to M. E. (Microelectronics) students. She is a Life Member of IETE, Semiconductor Society
of India, and Indian Physics Association and Member of VLSI Society of India and Indian
Microelectronics Society. She is an active reviewer of various International Journals like. Elsevier,
Hindawi and International Conferences. IEEE VLSI Design, ICMAT and VDAT. She is also the
faculty-in-charge for Student Counselling and Development at TU. She is also a member of various
administrative bodies like Board of Governors, Staff Affairs Committee, Senate, Departmental
Academic Affairs Committee, SPGC, BOS etc. of TU and a member BOS at PTU, KU, etc.
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Dr. Baoding Liu
Ph.D.

Baoding Liu received his B.S. degree in 1986 from Nankai University, and his M.S. degree in 1989
and Ph.D. degree in 1993 from Chinese Academy of Sciences. He joined Tsinghua University as
Associate Professor in 1996, and was appointed Professor of Mathematics in 1998. Dr. Liu's
research led to the development of Uncertainty Theory that is an axiomatic Mathematics for

Modeling human
Uncertainty. In addition to above, he published a number of Research papers in various
International Journals/conferences. Moreover, he handled eight research projects
successfully. He published four books and served as:
1. IEEE Transactions on Fuzzy Systems, Associate Editor (1999-2007)
2. Information: An International Journal, Editorial Board Member (1999)
3. Fuzzy Optimization and Decision Making, Associate Editor (2001)
4. Asian Information-Science-Life, Associate Editor (2001-2003)
5. International Journal of Internet and Enterprise Management,
Editorial Board Member (2002)
6. Uncertainty Society of China (USC), Founding President (2003-2011)
7. International Journal of Operations Research, Associate Editor (2004)
8. International Consortium for Electronic Business (ICEB), President (2008-2009)
9. World Journal of Modeling and Simulation, Area Editor (2005)
10. International Association for Information and Management Sciences (IMS), Vice
President (2005-2009)
11. International Journal of Natural Science & Technology, Editorial Board Member
(2006)
12. Journal of Uncertain Systems, Advisory Editor (2006)
13. Far East Journal of Experimental and Theoretical Artificial Intelligence,
Editorial Board Member (2007)
14. Industrial Engineering & Management Systems: An International Journal, Advisory
Board Member (2009)
15. Applied Computational Intelligence and Soft Computing, Associate Editor (2009)
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Dr. Praveen Ailawalia
Professor and Head
Department of Applied Sciences
Surya School of Engineering and Technology
Bapror, NH 1, Rajpura, Patiala, Punjab

Dr. Praveen Ailawalia is presently working as Professor and Head of Applied Sciences Department in
Surya School of Engineeing and Technology, Rajpura, Patiala affiliated to Punjab Technical
University, Jalandhar. He has teaching experience of more than twelve years in various Engineering
Colleges and Universities of Punjab, Haryana and Himachal Pradesh. He has done Ph. D from
Kurukshetra University, Kurukshetra in the field of Solid Mechanics. His research publications
speak volume of his research interest. He has published 50 research papers in reputed International
Journals with good impact factor. More than 20 of his research papers are listed in the database
SCOPUS. Eleven of his research papers are published in national Journals as well. He has guided two
M. Phil students and also guiding four students leading to Ph. D degree. Dr. Praveen has authored four
books on Engineering Mathematics and Numerical Methods for Engineering and Polytechnic
students. His research achievements also include the reviewer of international journals published
from China, Italy and India.
In addition to academic interests, he has also performed administrative responsibilities in the form of
Head of Department, Time table convener, Member BOS and paper setter of various leading
Universities.
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Real Options for Project Schedules (ROPS)
Lester Ingber
Lester Ingber Research
Abstract
Real Options for Project Schedules (ROPS) has three recursive sampling/optimization shells. An outer
Adaptive Simulated Annealing (ASA) optimization shell optimizes parameters of strategic Plans containing
multiple Projects containing ordered Tasks. A middle shell samples probability distributions of durations of
Tasks. An inner shell samples probability distributions of costs of Tasks. PATHTREE is used to develop options
on schedules. Algorithms used for Trading in Risk Dimensions (TRD) are applied to develop a relative risk
analysis among projects.
Keywords: options; simulated annealing; risk management; copula; nonlinear; statistical
Introduction
This paper is a brief description of a methodology of developing options (in the sense of financial options, e.g.,
with all Greeks defined below) to schedule complex projects, e.g., such as the massive US Army project Future
Combat Systems (FCS).
The major focus is to develop Real Options for non-financial projects, as discussed in other earlier papers [1, 2,
3]. Data and some guidance on its use has been reported in a previous study of FCS [4, 5]. The need for tools for
fairly scheduling and pricing such a complex project has been emphasized in Recommendations for Executive
Action in a report by the U.S. General Accounting Office (GAO) on FCS [6], and they also emphasize the need
for management of FCS business plans [7].
The concept of Real Options is the subject of many papers. Some papers give good advice on how to apply
these tools [8, 9, 10]. The approach given is this paper includes important optimization and options algorithms
not present in previous papers, and a process of aggregating tasks to permit top-level control of projects, which
enables development of more real Real Options.
Goals
A given Plan results in S(T ) , money allocated by the client/government is defined in terms of Projects Si (T ) ,
S (t ) = Si (T )( y1 y )
i

where ai (T ) may be some scheduled constraints.
PATHTREE processes a probability tree developed over the life of the plan T, divided into N nodes at times {tn}
each with mean epoch length dt [11]. Options, including all Greeks defined below, familiar to financial
markets, are calculated for quite arbitrary nonlinear means and variances of multiplicative noise [12, 13].
Options are calculated as expected values along stochastic paths of their underlying markets, and the Greeks are
functional derivatives of these options. This enables fair pricing of expected values of a market over extended
periods and including changes to underlying variables that can occur along these stochastic paths. The ability to
process nonlinear functions defining probability distributions is essential for real-world applications.
Each Task has a range of durations, with nonzero A,i with a disbursement of funds used, defining . Si ( tn ) Any
Task dependent on a Task completion is slaved to its precursor(s).
We develop the Plan conditional probability density (CPD) in terms of differenced costs, ds ,
P ( S  dS ; tn  dt | S ; t n )

P is modeled/cast/fit into the functional form
P ( S  dS ; tn  dt | S ; t n ) = (2 g 2dt )
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L=

( dS  fdt ) 2
( y1 y )
(2 g 2 dt 2 )
2

Where f and g are nonlinear function of cost S and time t. The g variance function absorbs the multiple Task
cost and schedule statistical spreads, to determine P(dS, t ) , giving rise to the stochastic nature of dollars spent
on the Plan.
A given Project i with Task k has a mean duration ,iik with a mean cost S ik . The spread in ds has two components
arising from: (1) a stochastic duration around the mean duration, and (2) a stochastic spread of mean dollars
around a deterministic disbursement at a given time. Different finite-width asymmetric distributions are used
for durations and costs. For example, the distribution created for Adaptive Simulated Annealing (ASA) [14],
originally called Very Fast Simulated Re-annealing [15], is a finite-ranged distribution with shape determined
by a parameter ``temperature'' q.
ASA( x; q ) =

1
1
2(| x |  q) ln(1  )
q

( y1 y )

For each state (whether duration or cost): (a) A random binary choice can be made to be higher or lower than the
mean, using any ratio of probabilities selected by the client. (b) Then, an ASA distribution is used on the chosen
side. Each side has a different q, each falling off from the mean. This is illustrated and further described in Fig.
1.

Fig. 1. The ASA distribution can be used to develop finite-range asymmetric distributions from which a value
can be chosen for a given state of duration or cost. (a) A random binary distribution is selected for a lower-than
or higher-than mean, using any ratio of probabilities selected by the client. Each side of the mean has its own
temperature q. Here ASA distributions are given for q= {0.01, 0.1, 1.0}. The range can be scaled to any finite
interval and the mean placed within this range. (b) A uniform random distribution selects a value from [-1,1],
16
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At the end of the tree at a time t (t also can be a parameter), there is a total cost at each node S(T), called a final
``strike'' in financial language. (A final strike might also appear at any node before T due to cancellation of the
Project using a particular kind of schedule alternative.) Working backwards, options are calculated at time .
t0
Greeks defined below assess sensitivity to various variables, e.g., like those discussed
in previous papers [3],
but here we deliver precise numbers based on as much real-world information as is available.
3 Data
The following data are used to develop Plan CPD. Each Task i has
(a) a Projected allocated cost , Ci
(b) a Projected time schedule, Ti
(c) a CPD with a statistical width of funds spent, SWSi
(d) a distribution with a statistical width of duration, SWT
i
(e) a range of durations, RT
i
(f) a range of costs, RS
i
Expert guesses need to be provided for (c)-(f) for the prototype study.
A given Plan must be constructed among all Tasks, specified the ordering of Tasks, e.g., obeying any
sequential constraints among Tasks.
4 Three Recursive Shells
4.1 Outer Shell
There may be several parameters in the Project, e.g., as coefficients of variables in means and variances of
different CPD. These are optimized in an outer shell using ASA [14]. This end product, including MULTI_MIN
states returned by ASA, gives the client flexibility to apply during a full Project [3]. We may wish to minimize
Cost/, or (CostOverrun - CostInitial)/, etc.
4.2 Middle Shell
To obtain the Plan CPD, an middle shell of Monte Carlo (MC) states are generated from recursive calculations.
A Weibull or some other asymmetric finite distribution might be used for Task durations. For a given state in the
outer middle, a MC state has durations and mean cost disbursements defined for each Task.
4.3 Inner Shell
At each time, for each Task, the differenced cost ( Sik (t  dt)  Sik (T )) is subjected to a inner shell stochastic
variation, e.g., some asymmetric finite distribution. The net costsdSik (T )
for each Project i and Task k are
added to define dS (T ) for the Plan. The inner shell cost CPD is re-applied many times to get a set of {dS } at
each time.
5 Real Options
5.1 Plan Options
After the Outer MC sampling is completed, there are histograms generated of the Plan's
and
dS(t )
. At each time
dS(T) / S(t  dt) At each time t. The histograms are normalized at each time to give P(dS , t)
t, the data representing P is ``curve-fit'' to the form of Eq. (), where f and g are functions needed to get good fits,
e.g., fitting coefficients of parameters{ x}

f = x f 0  x f 1S  x f 2 S 2  K
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At each time t, the functions f and g are fit to the function ln( P(dS, t ))
, which includes the prefactor containing g
and the function L which may be viewed as a Pade approximate of these polynomials.
Complex constraints as functions of Sik (T ) can be easily incorporated in this approach, e.g., due to regular
reviews by funding agencies or executives. These P 's are input into PATHTREE to calculate options for a given
strategy or Plan.
5.2 Risk Management of Project Options
If some measure of risk among Projects is desired, then during the MC calculations developed for the top-level
Plan, sets of differenced costs for each Project, dSi (t ) and , dSi (T ) / Si (t  dt ) stored from each of the
Project's Tasks. Then, histograms and Project CPDs are developed, similar to the development of the Plan CPD.
A copula analysis, coded in TRD for risk management of financial markets, are applied to develop a relative
risk analysis among these projects [16, 17]. In such an analysis, the Project marginal CPDs are all transformed
to Gaussian spaces, where it makes sense to calculate covariances and correlations. An audit trail back the
original Project spaces permits analysis of risk dependent on the tails of the Project CPDs. Some details are
given in papers dealing with generic portfolios [18, 19, 20].
It is not appropriate to simply use a standard Gaussian second moment of a non-Gaussian distribution (most
common in real-world data) to assess ``risk''. It is not appropriate to simply use standard standard Gaussian
second moments of non-Gaussian distributions (most common in real-world data) to assess correlations of
variables.
5.2.1 Post-Processing of Multiple Optima/``Mutations''
Within a chosen resolution of variables and parameters to be sampled, often the huge numbers of possible
states to be importance-sampled presents multiple optima and sometimes multiple optimal states. It should be
understood that any sampling algorithm processing a huge number of states can find many multiple optima. As
used in TRD, relevant to this ROPS approach, ASA's MULTI_MIN OPTIONS are used to save multiple optima
during sampling. Some algorithms might label these states as ``mutations'' of optimal states. It is important to
be able to include them in final decisions, e.g., to apply additional metrics of performance specific to
applications. Experience shows that all criteria are not best considered by lumping them all into one cost
function, but rather good judgment on risk versus benefit should be applied to multiple stages of pre-processing
and post-processing when performing such sampling.
5.3 Greeks
d =




1  2  2 


dS 
dS 
d 
dt 
dr( y1 y)
2
S
2  dS

t
r

2 
1  2  2 1  3
dSd 
d 
dS 2 d  K
S 
2  2
6 S 2 

1
d  =  dS  dS 2  Kd  dt   dr( y1 y)
2
1
1
' dSd  K ' d 2  ' dS 2 d K
2
6
where = Delta, = Gamma, K = Kappa (sometimes called the Vega), = Theta, X = Rho. The Greeks and the
covariance matrix are functions of a strike at the value the underlying of the option is priced to be when it is
exercised [12, 11], The Greeks are calculated using probability-distribution models selected by traders. They
can draw from Black Scholes (most common), Ornstein-Uhlenbeck or more general uni-variable or multivariable models (which are more appropriate to real-world data) [21, 11, 22].
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The Greeks are useful numbers to gauge the sensitivity of the price of the option with respect to several of its
underlying variables.
6 Generic Applications
ROPS can be applied to any complex scheduling of tasks similar to the FCS project. The need for government
agencies to plan and monitor such large projects is becoming increasingly difficult and necessary [23]. Many
large businesses have similar projects and similar requirements to manage their complex projects.
Similarly, large investment funds should at least internally develop estimates of the Real Options ``fair value''
of their revenue streams, based on realistic underlying probability distributions of their returns. They then can
use these estimates as complementary measures of risk, and decide on what products they might invest in as
insurance to protect their assets.
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Abstract
Mobile Communication becomes the necessity of all the organization in present scenario. There many factors
which affects the performance of the system. When ever we design the model we area always looking on certain
parameters such as data rate, delay, jitter, data security, readability, reusability, optimization, flexibility, etc. It
is clear that key design flaws account for 50 percent of security problems, and architectural risk analysis plays
an important role in any solid security program. By using the information regarding timing, power
consumption, and radiation of a device during the execution of the algorithm, one may break the model. The
importance of reliable management has been profound, since most attacks to the algorithm are based on
vulnerabilities caused by poorly designed and developed management. The main highlight of the work is to
reduce the overheads and provide reliability to the model.
Keywords - Mobile Communication, Wireless, 3G, Reliablity, Data Security.

Introduction
International Mobile Telecommunications-2000 (IMT-2000) which is knowns 3G includes both UMTS, and
CDMA2000. It is also sutiable for wireless communication. The main limitation of 3 genertaion is that with the
increase in number of user the bandwidth is not expand in same proportion [1,16]. Although the technique
provides many faclities such as voice call over internet, video calls, etc. The above faclities are still lack behind
if we talk about data secuity, data intergity, garde of service (if observed at newer rate.i.e when number of users
incrsed). It has observed that compared to 2G and 2.5G services , 3G allows simultaneous use of speech and
data services and data at much higher rates. If we talk practilcally then 3G systems can offer the data rate up to
14.0 Mbit/s on the downlink and 5.8 Mbit/s on the uplink. The concept of 3 G is not new even in western
countries. In 2006, Canada implements 3G technology, with HSDPA services in eastern Canada. The license
fees in some European countries were particularly high. In May 2008 China officially declares the usage of 3G
in the country. In the same year, after 4 months Turkey has auctioned four IMT 2000/UMTS standard 3G
licenses with 45, 40, 35 and 25 MHz top frequencies. In 2008, India entered into 3G Mobile arena with the
launch of 3G enabled Mobile and Data services by Mahanagar Telephone Nigam Limited (MTNL) in Delhi and
Mumbai. MTNL is the first Mobile operator in India to launch 3G services. Government owned Bharat Sanchar
Nigam Ltd (BSNL) has already been provided with a 3G license and has been operating its services in 380 cities
by the end of March 2010 [16]. As we aware that the 1X standard supports packet data speeds of up to 153 kbps
with real world data transmission averaging 60100 kbps [17]. The main issue is data security, basically it is the
protection of data against unauthorized disclosure. Many organization required data security in order to hide
their important documents from their competitors. Government is also very keen to protect their secret
information from their neighbouring nations. They always look for some reliable technique(s). Other delays
were due to the expenses of upgrading equipment for the new systems. Reliability means the probability that a
model/ system perform a specified task in specified time interval. It depends on the number of keys used, time
taken by the keys to upgrade them, failure rate of nodes. For a secure model; confidentiality, integrity and
availability are the basic requirement. Availability [2-4, 16] is related to the prevention and recovery from
software and hardware errors and from malicious [2,3] data access denials making the database system .
unavailable. The time based approach simply puts a specified amount of time between frames. The major
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drawback of this is that new gaps can be introduced or old gaps can be lost due to external influences [5, 18].
Statistical or analytical techniques are promising in solving some tasks however they should be further
developed to deal with hard real-life problems.. Our aim for this paper was to provide a better key management
scheme for healthy transmission.
Proposed Model
It is always required to design a model having optimized planning in order to tackle the real time operations. All
the equipment and the accessories are installed by keeping an eye on the total users. The planning also includes
the factors which will be required in future. Normally, a rough estimate is taken about the user, after that it is
taken care that grade of service should not fall below then 73% [7-8 ,15]. If model contains n number of station;
each capable of supporting x number of user then the total number of user in a model is calculated as U n x TN. It
is expected that IMT-2000 will provide higher transmission rates: a minimum data rate of 2 Mbit/s for
stationary or walking users, and 384 kbit/s in a moving vehicle [16]. Faulty user simply wastes the bandwidth
and creates an overhead on the other station. The data link thus provides data transfer across the physical link
which can be reliable or unreliable nature. As many data link protocols do not have acknowledgments of
successful frame reception and acceptance. Therefore there is need to work upon them. Some data link
protocols might not even have any form of checksum to check for transmission errors. In those cases, higherlevel protocols must provide flow control, error checking, and acknowledgments and retransmission.[13, 18].
Failure notification is immediately forwarded to any node (preferably neighbouring node) [11-12,14] in case of
node failure. Secure and timely transmission of data is always an important aspect for an organization. They
require all-new networks and frequency allocationsFast reroute methods are employed in such situations. The
failed station goes under the control of some strong station (may be neighbouring station if their buffers are
capable to handle the data) provided that new station has enough buffers to accommodate the information.
Multiple simultaneous failures can often occur in multiple node based network [9,10]. If recovery mechanism
takes more time to repair as compared to the failure rate the station then it simply leads to the congestion
problem. The model should include the following factors:
 Design issue should incorporate the total number of user.
 Faulty user must be taken into account during the design part.
 The bandwidth should be allocated separately for VIP calls/hotline.
 Guard band should be selected in an optimized manner. If guard band is to short then it simply leads to
interfacing between the signals. Cross talk and call drop may be observed due to the above mentioned factor. On
the other hand if guard band made too large then it simply waste the resources.
 The switching time i.e time taken by the network to shift the call from to another network should be made
smaller as possible. If it increases from a prefixed limit then prominent delay has been observed during the call.
 Frequency reusability should be there.
 Multiple accesses enable the more number of users to use the channel.
 Recovery mechanism should be present in order to cop up the model in hazards. Let us take an example: due to
fire accident any one of the node of the model goes down. In such situation the recovery mechanism should be
active immediately and reroute all the calls on the alternate routes. Moreover, the data which was present on the
faulty node should be sending to the neighbouring node provided that the concerned node has such amount of
buffer to accommodate the incoming data.
 The random error should be statistically analysed to obtain a stochastic model for error estimation
 The system should be made enough capable to handle jitters.
 It should support various frequency channels without damaging itself. At the same time the performance of all
the channels should be scanned continuously in order to provide reliable results.
 In order to recover the loss packets or to detect and correct the errors in case of data transmission; various
techniques such as CRC, VRC, LRC, Hamming codes have been employed.
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techniques such as CRC, VRC, LRC, Hamming codes have been employed.
Detail Of 3G/IMT-2000 standards
The detail of various 3G/IMT-2000 has been given in the below. In 1999, ITU approved five radio interfaces
for IMT-2000 as a part of the ITU-R M.1457 [16]. One can select the level as per the requirement. The IMT2000 alllows to make changes in the data link layer which includes medium and link access control protocols
and QoS. The IS-95 data link layer is the only one which provides the best effort delivery for data and circuit
switched channel for voice [15, 17]. It is taken as one voice frame once every 20 ms. The Data Link Layer is
concerned with local delivery of frames between devices on the same local area network [16-17].
S
No.

ITU IMT-2000

Duplex

Channal

Location

1.

TDMA Single-Carrier

FDD

TDMA

Worldwide excluding
Japan and South
Korea

2.

CDMA Multi-Carrier

FDD

TDMA

Americas, Asia

3.

CDMA Direct-carrier

FDD

TDMA

Worldwide

TDMA

Eirope

4.

CDMA TDD

TDD

5.

FDMA/ TDMA

TDD

FDMA/TDMA

Eirope,USA

6.

IP-OFDMA

TDD

OFDMA

Worldwide

Figure1: Detail of various 3G/IMT-2000 /Standards
Applications
The technique should provide the fast data rate, so that mobile TV can be possible. Video conferencing is
another main requirement of the industries. It is highly required for the growth of an industry. Tele medicine
facility provides easiness to the doctors. Local based service must be enabled in which a provider sends
localized weather or traffic conditions to the phone, or the phone allows the subscriber to find nearby
businesses or friends.
Conclusions
In the work various standards concerned with 3 generation has been discussed. Also the issues/factors which
affect the performance of the technologies were stated. The work also highlights the main requirements from
the consumer side. Proposed model has been shown on which new generation should be based in order to
provide the better resources to the users.
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Abstract
Information and Communication Technology (ICT) is changing the face of contemporary World. The ICT has
not only connected the World at one single platform but it is also helping in the integration of various
traditional societies into modern societies. This paper discusses the role of Information and Communication
Technology (ICT) for rural India. It highlights the need for and factors preventing rural communities from
reaping the benefits of ICTs. The benefits of ICTs have not reached the masses in India due to lack of ICT
infrastructure, particularly in rural areas, where two-third of the population of the country lives. Even in cities
and suburban areas, use of ICT is not popular due to lack of awareness to its use and computer illiteracy. The
paper critically examines these ICT projects pointing out both their positive aspects as well as their
bottlenecks. And from these cases we derive certain critical success factors which are necessary for the
successful implementation of ICT projects. Based on the factors we propose a theoretical framework for an ICT
project.
Keywords:
Information and Communication Technology (ICT), E-Choupal, Akash Ganga, Gyandoot, Tarahaat, Warana
Village, Barefoot Initiative.
Introduction
Information can be defined as (i) facts, data or instructions in any medium or form (ii) the meaning that a human
assigns to a data by means of the known conventions used in their representations [1]. With the advent of
information technology (IT), it has become possible for the common man to access global information through
oral communication, voice in telephony, text in fax and newspapers, images in video and television
broadcasting, and data in computers. All information can be digitised, transported, stored, retrieved, modified
and then distributed using emerging digital techniques, new network alternatives (intelligent networks), high
bandwidth communication technology and state of- the-art software for network functions and services are the
new technology trends evident in the development of electronic communication systems[4]. The swift
emergence of a global “information society” is changing the way people live, learn, work and relate to each
other. An explosion in the free flow of information and ideas has brought knowledge and its myriad applications
to many millions of people, creating new choices and opportunities in some of the most vital realms of human
endeavour [5].
ICTs can be broadly defined as the set of activities that facilitate the capture, storage, processing, transmission
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and display of information by electronic means. Researches in ICTs have focused on studying the use of ICTs
for various development objectives income growth, health, education, government service delivery, microfinance, etc. in India. We feel that the current thrust of ICT project design is guided by a restricted conception of
both development and technology use, which limits the nature of usage and potential of ICTs [6]. A broadening
of perspective would entail acknowledging variations in what different people in different places understand as
development and how technology fits into their overall scheme of things. This would require attending more
closely to the contextual dimensions of development while designing ICT projects.
Many grassroots ICT projects are being implemented in India and some are growing at a fast pace like
TaraHaat[2], Gyaandhoot[3], Akashganga[7], eChoupal[8], Warana[9], etc. but many of them have not been
able to have a significant effect on the society. Thus in this paper we will discuss the factors based on which
Success / Failure of an ICT project depends. Success of an ICT project can be defined if it has been able to meet
the goals it was intended to and also help in improving the society as a whole. To define the success factors we
have identified certain case studies and determined the reason for their success or failure. Then on comparing
them all we were able to generate some critical success factors which are very important for the successful
implementation of the project. Then we propose a framework based on the success factors identified.
Information Communication Technologies Systems
ICT systems can be defined as a system, automated or manual that comprises people machines methods
organized to collect, process, transmit, and disseminate data that represents user information [2].Presently the
Indian ICTs market is about $9632 mn and is expected to grow to about $24000 mn[6]. Hence we see a great
potential in this sector.
Need for ICTs
The disparities between rural and urban areas combined with developmental gap are more likely to produce
new forms of exclusion and marginalization. The difference of opportunities available to a country with a small
population that is financially secure, educated, telecommunicated and computer literate and a country with a
majority living in rural villages most of whom are not even connected to electricity.
ICTs enhance the opportunities of rural communities by:
 Improving their access to market information and lower transaction costs (for poor farmersand traders);
 Increasing efficiency, competitiveness and market access for firms in developing countries;
 Enhancing the ability of developing countries to participate in the global economy and to exploit their
Comparative advantage in factor costs (particularly skilled labour);
 Health
 Education
Factors preventing rural communities from reaping the benefits of ICTs
There are a number of important factors preventing rural communities in developing countries from reaping the
benefits of ICTs. Some of them have been discussed as follows:
Lack of awareness about the benefits: Internet penetration in India is very low at 1% and in rural India it is less
than 0.01%. Also literacy rate in rural India is as low as 20%. Due to this people are not aware of the
technological developments and are not able to use them.
Lack of access facilities: The cost of computers is still beyond the purchasing power of the majority of
individuals in developing countries.
Language barriers: internet is mostly based on English which rural India cannot understand. And there are
more than 18 official languages so it is very difficult to provide information in all of them.
Lack of local products: In order to better adjust their investment decisions, people need updated information on
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Market prices, new agricultural technologies and methods to raise the quality of their products, adapt to
changing climatic conditions or demands of agricultural markets.
Non availability of govt information online
Lack of motivation: despite connectivity, people will not use ICTs unless they are motivated to do so.
ICT in Rural India A reality check
There have been numerous ICT projects in the past which could not prosper. Initiatives by some of the well
known companies such as Mahindra & Mahindra, Tata Chemicals, EID Parry, Rallis and Nagarjuna Fertilizers
took up agribusiness ventures by setting their own models. Most of them faced problems for growth [5]. The
'Shubh Labh” venture started by Mahindras had set up 36 centres in 10 states by the end of 2002. Even
ikisan.com and Indiagriline.com and Parry's corner which tried to create an e- market place could not scale up.
Some of the reasons why they could not prosper were as follows:
 Lack of trust in the farmer as these models depended on the intermediaries.
 These models had high fixed costs. The fixed cost of a typical ICT model was Rs 0.5mn to 0.6 mn while the
variable cost came up to Rs 1 mn and the coverage of the model was also not of that proportion. Unless a volume
goes up, operating costs would be very high.
 Problems with the internal supply chain of the companies since they didn't have enough knowledge about the
procurement.
But despite these early failures many ICT projects have had some success and are therefore still running which
we will discuss in the next section.
Indian Case Studies
There are numerous ICT projects presently being implemented in India. Some have been started with help of
government while some have been private and cooperative.
Akash Ganga (Cooperative Venture)
It is conceived to spread information technology among rural masses. In earlier day's members of the family
used to visit cooperative milk society to sell milk of cattle owned by them twice a day. Spread of information &
technology initiated with automating their routine milk collection process which was done manually. It has
covered over 1000 villages, 34 districts in 8 states with a participation of over 2 lakh families.
In traditional practice of collecting milk a member was given a passbook which contained member no., date,
fat% of milk, volume of milk, amount of milk When the members comes to society to deposit his milk he hands
over the passbook to the milk receiver and pours the milk into a milk container where the measurement of the
milk is being done and written in the passbook. A small sample is being drawn from the milk for testing which is
being kept in plastic bottles. The testing of the same milk to verify the fat content of the milk to find out the milk
quality and price to be paid was done after the milk collection process.
The above process is inaccurate, inefficient and time consuming and had following problems:
 Improper handling of a manual pass book by a member which causes loss of important information like
amount of milk sold, Fat content etc.
 Improper volume data of milk sold resulted in loss of income to the poor villagers.
 Improper data input due to lot of noise and commotion during collection time and loss of information if not
communicated properly.
 Before the end of 10 days time span villagers never knew the actual amount of money they will get for
the milk they sold since it required several testing.
 Long queue at the societysome members couldn't deposit their milk due to limited collection hours and
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as such their milk quality gets depreciated which resulted loss to the poor farmers.
Framework of operation.
Each farmer is given a plastic card as identification. The farmer comes at the counter and drops the card into a
box which reads it electronically and transmits the identification number to the PC. The milk is emptied out in a
steel container kept over a weigh bridge. And the weight of the milk is displayed to the farmers as well as
communicated it to a PC. The container is connected by a pipe to a can in which milk is transported to the dairy.
In places where there is a chilling plant the trough is connected to a pump which sends the milk to the chillers.
One operator is required to manage the filling of cans. Another operator sitting by the side of the container takes
a 5 ml. sample of milk and holds it up to a tube of a fat testing machine. A hand lever in the machine has to be
moved three times for the milk sample to be tested for its fat content.
This had various benefits for the society like:
 It provides total automation solution to Village Cooperatives for their milk procurement operations.
 The weight of milk, fat percentage, price payable to the supplier, customer number, date-time and session of
Supply is available through a printout.
 For the record of Village Cooperative, a report is generated at the end of each session containing customer
number, milk procured in litres fat content, amount payable to each customer separately for Cow milk and
Buffalo milk.
Gyandoot (GOVT AIDED)
GyanDoot (Translated as messenger of Information) was started in January 2000 is a Madhya Pradesh
Government initiated project aimed at setting up an intranet system that connects rural cyber kiosks throughout
Dhar district. It is basically a Government to citizen (G2C) service delivery portal.
There are three separate entities involved in GyanDoot.
1. GyanDhoot Samiti (NGO)
2. Government of Madhya Pradesh)
3. Kiosks Manager(an entrepreneur)
Framework of operation
1. A villager sends a service request to the Internet Kiosks equipped with a PC, printer and UPS owned and
managed by operators which is further transmitted to the GyanDoot intranet server. Hard copies of service
request are further transmitted to the GyanDoot Samithi and are sent to the concerned departments for its
processing. After processing hard copies of Service responses send back to the GyanDoot samithi and are then
keyed in back to the GyanDoot Intranet. As such responses are sent back to the internet kiosks which deliver
them back to the citizen. Some of the sevices offered by Gyandoot were Income certificate (Rs 10), Caste
certificate (Rs 10), Domicile certificate (Rs 10), Employment news (Free), Rural Matrimonial (Rs 25), Rural
newspaper (Free), E-Education.
The following are the benefits of Gyandoot:
 Provided villagers a chance to access knowledge via a cost effective and a self reliant model in a variety of
spheres like agriculture, land records, health services, an online employment exchange, the availability of
applications for jobs, local weather reports etc.
 Provided self-employment through entrepreneurship to local rural young people.
 Provided partnerships between government and villagers.
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 Increased transparency in the administration by removing middlemen.
However some problems are there with this initiative, like:
CONNECTIVITY: Limitations of connectivity and bandwidth. Since most of the village kiosks are connected
to the GyanDoot server by means of dial up telephone lines. Loss of connectivity occurs frequently at least 2 or
3 times in a day.
POWER SUPPLY: Most of the village kiosks suffer from unreliable power supply. The power breakdown is
frequent and lasts for almost 6 hrs a day. Sometimes the breakdown persists for 3-4 days. Moreover fluctuating
levels of voltages have made difficult to use the installed UPS which could offer few hours stand-by power at
best.
Tarahaat (Private initiative)
TARAhaat is a business enterprise of Development Alternatives (DA), an NGO focused on sustainable rural
development in India, and its marketing arm, Technology and Action for Rural Advancement (TARA) started in
September 2000. TARAhaat uses a franchise-based business model to bring computer and Internet technology
to rural regions and plans to use these technologies to create revenue streams leading to financial viability for It
has a network in Punjab, Haryana, UP, MP, Bihar and Jharkhand
Framework of operation.
The business combines a mother portal, TARAhaat.com, with a network of franchised village Internet centers,
or TARAkendras. TARAhaat will deliver education, information, services, and online market opportunities to
rural consumers via the Internet and its kendra outposts. It delivers a wide range of social and economic
information, as well as educational and other services, earning revenues through fee for service; membesIt
spread itself with the help of its subsidiaries. Some of them were:
TARAbazzar: provide access to products and services needed by rural households, farmers and industries
TARAvan: deliver goods TARAdak: connect the rural families to the daughter married far off and the son
posted on the front TARAguru: decentralized university providing mentoring and consultancy to village based
mini enterprises TARAcard: enable the villager to order go.
The following benefits were provided to the rural society.
 Consumer-to-consumer services connecting urban and overseas customers directly to rural craftspeople.
 Generating opportunities for income flow for the villagers thereby raising their standard of living.
 Emphasis on locally relevant content
Despite of all the above it had some shortcomings
 TARAhaat is largely dependent on India's existing commercial infrastructure which is not ideal especially in
the rural areas.
 Dependence on satellites makes it a relatively high cost solution with respect to the villagers.
 Problem of connectivity and bandwidth capable of supporting internet is not adequate Unreliable power
supply thereby using diesel generators as a part of infrastructure which increases operational costs

Warana Village (Govt aided) This project was launched in 1998 by NIC, GoM, Warana vibhag shiksha
mandai and GOI. It covered over 70 contiguous villages around Warana Nagar in Kolhapur and Sangli Districts
in Maharashtra. A 3-TIER network was built wherein First tier is the main hub; with high-speed very small
aperture terminals (VSATs) allowing Internet access by business centres (BCs). Second Tier: comprises of 64
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Kbps VSAT connection as a gateway WAN link to NIC in Pune, 6 BC'c with speed wireless LAN for data
transmission and dial up for fast data transfer for e-education. Third tier comprised of 70 FB's with multimedia
workstations and dial up connections to BC's. The software is developed in Marathi language.
Some of the benefits of this initiative are:
 Brought transparency in the administrative process
 Computerization of land records permits the villagers to view and print at their village booths.
 Aided in milk collection.
 Wired management of sugar cane cultivation software enabling speedy, accurate and effective data exchange
between the factory and the farmers.
Some of the problems that we could identify
 Non generic: specifically designed for the area
 Lack of motivation: especially for e-education
 Illiteracy: many people were unable to use because they couldn't even read Marathi.
 Lack of awareness: about the use of internet ,even at the BC's
Lack of proper trained staff at the Business Centre's

E-Choupal (Initiative of ITC-IBD)
The model was launched in June 2000, information centres equipped with a computer connected to the internet
located in rural villages. ITC appointed sanchalks (co-coordinator) and samyojaks (collaborator) into the
system as the provider of logistics support. Each e-choupal would serve about 10 villages within a five km
radius. There are a million farmers being served in nearly 11,000 villages through 2000 e-choupals. It covered
Madhya Pradesh, Karnataka, Andhra Pradesh, Rajasthan and Uttar Pradesh. The traditional model is shown
below in figure 1. The cost of procurement was Rs 700 per tonne [8].
FARMER

SMALL
TRADE

BIG
TRADE

MANDI

Figure 1: Traditional model of soya bean procurement
Some of the initial drawbacks of the model were:
 Low prices were paid to the farmers by the intermediaries in return of their product claiming to be it of
poor quality
 Storage, transport and handling facilities were limited
 Intermediaries margin were high
 Accurate market price of the product was not available to the farmer
 Huge wastage
Framework of Operation
FARMER

NCHALAK

SAMYOJAK

FACTORY
ITC

Figure 2: Current procurement method of ITC
ITC appointed coordinators at the village level who were called sanchalaks who used to provide spot quotes
after examining the produce. The sanchalaks were paid 0.5% for each tonne of soya originated from their
Choupal. Samyohak were the collaborators who coordinated the group of villagers and perform the
documentation work. He also supplies farm inputs from ITC. For villages situated far off they would collect the
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grain and bring it to the ITC. For this he was paid a commission of 1% per tone of soya. The current method is
shown in figure 2. Through this ITC incurs Rs 200 as procurement cost [8].
Some of the benefits associated with this are:
 High margins of the intermediaries were reduced to zero
 Farmers get to know the exact price of their produce
 Transport and handling facilities were minimized.
Barefoot Initiative (NGO)
A voluntary agency, Social Work Research Centre's (SWRC) main center is in the Tilonia village, Silora block,
Ajmer, Rajasthan. It started off in 1972 by opening Barefoot College, 60000 square feet, with the help of urban
expertise outside the village.
The model addresses the basic needs of the people:
1) Water: Installation of 1500 Mark II hand pumps. Rainwater harvesting
2) Health: One health worker trained in every village who imparts basic health education to people. Doctor
pays visits regularly and villagers are charged nominal fees.
3) Education: Night Schools with focus on practical knowledge. Children learn basic husbandry along with
learning maths.
4) Employment: Started off with Rural handicrafts industry in Rajasthan. Promoted women participation.
5) Conservation of ecological system: Use solar energy systems for electricity. Regenerating wasteland into
pasture land in Rajasthan.

Figure 3: Presence of Barefoot initiative
Figure 3 shows the presence of the barefoot initiative. The initiative was highly sustainable which caused it
to grow at a very fast pace. The reasons for its sustainability are:
 Generates employment
 Involves people in the process
 Helps to take care of the basic minimum needs
The concept is highly reliable and has proved it over time. Its reliability is accounted for :
 Can work in any poor rural community.
 All knowledge and all skills are useful, necessary and respected as villages need to develop.
The initiative was first of its kind that encourages the dropouts, rejected by the society and people who don't
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Have any possibility of getting job, hence, investment in training for these people is not wasted to particicpate.

Critical Success Factors:
Based on our Study of different ICT initiatives in section 3, we have identified 9 critical factors. We have
mapped these critical factors across different initiatives as shown below:

Warana

Akash
Ganga

Tara
Haat

Gyan
Dhoot

eChoupal

Barefoot
Initiative

Y

N

Y

Y

Y

Y

Y

N

N

Y

N

N

Opportunities to trade through kiosks
Increased and improved education
Improving agricultural productivity
Improving the standard
of living of the villagers

N
Y
Y

Y
N
N

Y
Y
N

N
Y
N

Y

N
N

N
Y
Y

Y

Y

Y

N

Y

Y

Improving the medical facilities
Low Cost Investment
Creating employment opportunities

Y
N
Y

N
Y
N

N
N
Y

N
Y
N

N
N
N

Y
Y
Y

Parameters
Enhanced access to
information and communication
Improved access to governmental
resources and services

Table 1: Showing the mapping of different cases on to the critical factors identified

Proposed Approach
Firstly we need to define clear and simple objectives for the framework to be implemented. These objectives
will take into consideration the critical factors discussed in section 4 .Based on the factors discussed in section 4
we have divided the objectives in parts and we will aim to achieve them step by step catering to the overall
development of the area while involving low investment form outside. Division of the objectives is shown
below in figure 4.

1
2
3
4

Low Cost Investment
Increased and improved education
Creating employment opportunities
Improving the medical facilities
Improving the standard of living of the villagers
Improving agricultural productivity
Enhanced access to information and communication
Opportunities to trade through kiosks

Figure 4 : showing the objevtives of the proposed work
In the Step1 Access to basic needs can be in the form of Water from Hand pumps and, Rainwater Harvesting;
Education through Night school and by Imparting skills on basic work like Blacksmith workshop, handicraft
training, solar fabrication workshop. This will increase people awareness regarding the use of ICT and will also
generate employment opportunities for them. A coordinated effort of help from Government, and NGO's and
local community can really help in this regard. Step 2 aims at creating employment opportunities for both men
and women in various fields like, handicrafts, agriculture, puppet industry wherein the central agency can buy
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these items from the village people and can be sold in the market. It should be aimed at creating employment
opportunities for the villagers by matching their needs with the environmental strengths like developing
wasteland, Rainwater harvesting, hand pumps, use of solar energy, basic agricultural needs (Fruits and
vegetables).It should impart basic education on First aid skills. Health workers in every village will help in
raising the standard of the villages. Villagers should be given training on delivery methods for babies to
decrease child mortality rate. Step 1 and 2 will help villagers gain self esteem, pride. This confidence level will
help them to do work effectively and efficiently. Hence Step 3 aims at improving the standards of living by
increasing the agricultural productivity which can be boosted with the help of better fertilizers, more water
available. This information can be provided to villagers at right time, this will help them to improve their
income streams. Villagers can also be provided information regarding the demand for various products in the
market and also a boost to the handloom sector should be provided. In step 4 we need to use sophisticated
Technologies to create products that match environmental strengths with the needs of local community. And
important services like healthcare and e-education should be stresses upon. To cater to these objectives we have
developed a generic model as shown in figure 5. We have added the effect of social and environmental factors
since these have a significant effect on the development of the project and the project outcomes too have an
effect on the environment.
Project outcomes

Project design



Staff
capability
Community
acceptance
Service
delivery
technology







Sustainability




Usage
Usefulness



Satisfaction



Empowerment

SCALING

Community participation

Political economy



Equality in decision
making



Policy
environment




Equality in benefits
Leadership development



Social
environment



Management of
expectations

Figure 5: A generic model for implementation of proposed work
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To implement the above said model we have divided India's Backward Districts into two categories as shown in
figure 6; and the villages in these categories share the same characteristics.
1) Very Backward Districts
2) Backward Districts

Figure 6 : classification of India based on ICT implementation, Source: www.mapsofindia.com
For the two categories different kinds of initiatives needs to be employed as they have different literacy levels,
environmental conditions, employment opportunities and basic amenities. ICT can help in the development of
these villages.
What we can deduct out of the previous research is that all the models already in implementation stage are not
scaling up at a pace at which they should. And for a development of the whole country we need to have a generic
model instead of a more specific model which up to now has been used. So we need to scale up these models
discussed in section 3 in a very generic way to provide services to rural India.
For Very backward villages, sophisticated technologies should be developed to match the environmental
strengths of the area with the local community like VSATs and Wireless Telephony. In the introductory stage
even AM radio technology could be used since it can access any area at a very low cost. We can provide
asynchronous communication link to the area providing information regarding Weather, news, market rates of
the agricultural produce, healthcare information and government policies in local languages.
Government, NGO's, international communities need to work in tandem to reach the local community and
strive toward the objectives. These villages have scarcity of resources, health issues, food and water shortages.
Hence, initiatives like Barefoot College should be implemented in these areas. Slowly and steadily villages
start to develop. A simple model for very backward area is given in figure 7.
Information

Internet

Government

NGO
Transmission
Centre-Vsat, AM

Community

International Community

Figure 7: A simple model for implementation of ICT in Very backward area
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In Backward villages, they have access to internet via cyber café or VSAT. There is economic progress but still
there is exploitation. Programs like e-Choupal from ITC try to bring in efficiency into the agriculture but
holistic development is missing. It is at this stage when NGO's and other parties should enter these villages for
holistic development. The participation of the rural community in the initiative is very necessary as that would
help in scaling the project to nearby areas as well. Apart from that more generic information needs to be
provided to these areas. This can be done by connecting all these initiatives to a common server connected to the
image server of NIC wherein a user can get all the data of other places as well. This will boost up the trade of
each area and hence improve the living conditions in those areas. Like TARAhaat initiative does all round
development of villages where it is present. A specific model is shown in figure 8. The model depicts that all
these villages needs to be connected through a central server and inter village communication has to be
facilitated.
Government

Private
NGO

NIC

Government

Community
Private

NGO

Community

Figure 8: A simple model for ICT implementation for backward areas
Also the use of Telecom in these areas is very important. Most of these areas already have a telecom tower set
there. This infrastructure can be used if we can provide villages with a very cheap specially designed phone
where instant messages regarding information of agricultural prices and weather can be given. This can also be
linked to central server and hence can provide healthcare and other informative services. However care should
be taken that these services should be provided at no cost or low cost in the introductory stage to motivate the
people to use them.

Conclusion
The successful implementation of proposed framework depends on some factors Synchronization between
different initiatives: e.g. between ITC and Barefoot Initiative, Better management and Use of local resources:
Grants should be used in effective way, Technology solutions need to be sustainable, accommodate huge
investments and trap investments, Solutions to be developed with people involvement, Improve educational
facilities, literacy rate, health facilities and agricultural productivity, it should conserve the ecological system
and aim at improving the same. Apart from the above said factors enabling the overall environment is essential
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for providing ICT along with the promotion of entrepreneurial model and community participation. Through
this ICT can cater to the “8C's” connectivity, content, community, commerce, capacity, culture, cooperation,
and community.
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Abstract
Biometric is a study of variable biological characteristics. This technology is used to measure and
analyze both physiological and behavioral characteristics of a person. These characteristics include
finger print, voice patterns, hand measurements, iris etc and are used to identify/verify the
authenticity of a person. The biometrics are tightly connected to a individual that can not be
forgotten, stolen or hacked easily. In the present paper we will discuss the basics of biometrics and
the issues related to its use by the disable persons
Introduction
The word “biometrics” comes from the Greek language and is derived from the words bio (life) and metrics
(to measure).[5] This technology makes use of fact that each person has specific unique physical characteristics
or personal traits that cannot be lost, borrowed or stolen.
In layman's term a physical characteristics can be defined as things that we are while a personal trait can be
defined as things that we do.
Examples of physical characteristics: Fingerprints
 Eye features
 Facial features
Examples of personal traits are:
 Handwritten signature
 Keystrokes or typing
 Voice
In practice there are three different methods to check identity of a person[4,8], these are:
 Ownership: Something you have (Key, Smart cards, etc.) which can be lost stolen or copied.
 Knowledge: Something u knows (PIN, Password etc.) which can be forgotten compromised or guessed.
 Biometrics: Something u are or something u do (Fingerprints, Face, Voice etc.)
The first two methods of checking someone's identity actually suffers from a common problem of inability to
differentiate between an authorized person and an imposter who fraudulently acquires the access privilege of
the authorized person[6,8]. Only the third method that is, biometrics can identify you as you.
Biometrics is automated methods of authenticity or verifies an individual based on physical or behavioral
characteristics.
Biometrics based system are classified into two major categories[4,8]:
One to one systems (Verification): This system compares the biometrics information of the person to one
specific entry on a database that corresponds to that person. The person then give the system some sort of
biometric information and the system then decides whether a match can be made corresponding to a stored
information on the database, this type of systems is referred to as verification systems.
One to many systems (Identification): This kind of system compares the biometric information of a person to
all entities on a database. A person doesn't assert his/her identity to that system, instead the person just give the
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biometric information. The system then tries to match this data to all the entities in the database and drives
whether a match can be made. This type of system is known as identification system. This system gives the
information

“ Who the person is ”
Theoretically psychological or behavioral characteristics of human being can be used to make personal
identifications only if it has following properties[4,8]:
 Universality: Every person should have some characteristics
 Uniqueness: No two persons should have same characteristics.
 Permanence: The characteristics must be invariant with time, position and conditions
 Collectability: The characteristics can be measured quantitatively. Practically we also require
 Performance: A system needs to perform quickly and accurately.
 Acceptability: The people must accept the system easily.
 Circumvention: How easy it is to fool the system by fraudulent techniques.

How biometric system works-:
Biometric system consists of both hardware and software, the hardware capture salient human characteristics
(like the image of a finger print) & software interprets the resulting data and determines the acceptability. A
biometric based system can be divided into two modules
 An enrolment module
 An identification module
In the enrolment module as shown in figure 1 A physical characteristic is converted into digital form by
biometric sensors, and further process by the software, in order to reduce the size and to save the storage the
main features of the image are extracted by the feature extractor. The resulting signal is known as template and
is stored on data base.
Data
Base

Biometric
Sensor

Signal
Processing

Template
Storage

Feature
Extrection

Figure 1 Enrolment Module
The identification / verification module as shown in figure 2 is responsible for identifying /verifying the claim
of a person, the physical characteristics are converted into a digital form and then fed to the feature extractor to
produce the same form as that of template. The resulting representation is fed to the comparison state which
compares this template with template already stored in the database and calculate a match score .Whether the
match score is within the given threshold or not, determines the acceptance or rejection of the identity of the
person.
Data
Base
Biometric
Signal Biometric
Sensor

Signal
Processing

Feature
Extraction

Comparison

Accept / Reject

Figure2 Identification Module
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The performance of the biometric system is evaluated on the following two parameters[4]
 False Accept Rate (FAR)
 False Reject Rate (FRR)
False Accept Rate determines the percentage of time the system falsely accepts a user that does not have access
to the system while False Reject Rate determines the percentage of time the system falsely rejects a user, which
can access to the system.

FAR
FRR

Comfort

Security
Threshold

Figure 3 FAR/FRR Curves
Figure 3 shows the relationship between FAR / FRR and the threshold. If the threshold increases the FAR
decreases and security increases while the false rejections will also increase. On the other hand if the threshold
decreases the FRR decreases while the FAR will increase and security decreases. So, a compromise has to be
made between FAR/FRR and threshold.
A biometric system which relies only on a single biometric identifier in making a personal identification is
often not able to meet the desired performance requirements. Noisy data, performance limitation,
circumvention, and non-universality (leading to failure-to-enroll) all affect the performance, security and
convenience of using such a system. Some of the limitations imposed by single biometric systems can be
overcome by multibiometric systems [7] . These systems take the samples of more than one biological
characteristics or personal trait. Multibiometric systems (i) address the problem of non-universality, since
multiple traits ensure sufficient population coverage, and (ii) provide anti-spoofing measures by making it
difficult for an intruder to “steal” multiple biometric traits of a genuine user.
So multi-biometric systems are more reliable and provide higher verification rates due to the presence of
multiple, independent pieces of evidence.
Biometrics Technologies
Some of the important biometric technologies are listed below.
Finger Biometrics
Finger biometrics or finger-scanning technologies is the oldest and the highly accurate biometric technology.
The patterns and geometry of fingerprints are different for each individual and they are unchanged with body
grows. The classifications of fingerprints are based on minutiae points[8]. The fingerprint patterns are
hereditary. They never change through out your lifetime. The Federal Bureau of Investigation (FBI) has
reported that no more than 8 common minutiae can be shared by two individuals [5] . Typical fingerprint system
extracts between 30 to 40 minutiae points from a single captured fingerprint. Accuracy level of fingerprint
verification / identification biometric system is very high & they are secure, fast, reliable and easy to use[1].
But their use for access security requires special input devices.
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Face Biometrics
This type of biometric system use PC-attached cameras[5] to record facial geometry . This biometric system
works by taking a known reference point and measuring the various features of the face in their distance and
angles from this reference point or matches the most significant image data, like the size of the nose, with a
record of your face stored in a database. Face recognition based biometric system is accurate and gives good
performance also the biometrics system using face recognition is fast but , because of the camera cost the
system is costly and acceptability of the system is also less.[1]
Voice Biometrics
This method captures the sound of the speaker's voice as well as the linguistic behaviors.
These biometric
systems rely on very low-cost devices (hardware requirement is very low), they are generally the least
expensive systems to implement for large numbers of users and the acceptability level is very high in this type
of biometric system. It would allow a remote verification using the phone system eg : phone banking but, these
systems suffers from drawbacks like mimicry by imposter or recording the voice of the authorized person or
emotional statement of the authorized person.
Iris Biometrics
Iris scanning measures the iris pattern in the colored part of the eye . No two iris patterns are the same , the iris
pattern of one's left eye is different from the iris pattern of the right eye. An iris has more then 400
distinguishing characteristics.[4] that can be used to authenticate someone's identity. Approximately 260 of
these characteristics are extracted from a captured iris, i.e. six times more then from a captured fingerprint.
Accuracy is one of the advantages of this method of identification. Duplicate artificial eyes are useless since
they do not respond to light but blind people or people with severe damaged eyes (diabetics) will not be able to
use this biometric method. Acceptability is the another problem for the iris based biometric system.
Hand Biometrics
This biometric system uses the geometric shape of the hand for authenticating a user's identity. These systems
require the subject to place his or her hand (usually the right hand) on a plate where it is photographically
captured and measured. This method measures the certain key features of the hand like length of fingers[1] and
thumb, the width between two points, thickness etc . Hand geometry data is easier to collect . The subjects
cannot have their biometric features sampled without their knowledge, but It has the limited accuracy and
shape of every person's hand is not necessarily different than another person's hand also the shape of a person's
hand changes significantly over a time period .
Issues related to the use of biometrics for the disabled person
Biometrics must be able to enroll and verify the disabled persons but there are some issues which must be
addressed. The various issues are as follows:
Enrolment: There can be several problems faced by the disabled population while enrolling for the biometric
checks. Some individuals will not be able to record some or any biometrics (e.g. individuals who are missing
limbs or have certain visual impairments) Some individuals e.g. those with cerebral palsy[2,3], motor neuron
disease etc, may have little control of their muscle movement and will find it very difficult to hold their head or
fingers still long enough for a facial, iris or fingerprint recognition device so the recordings may be “fuzzy” .
The issues of physical access and ergonomics of the enrolment and verification process, in terms of how and
where the equipment will be sited are also relevant as few disabled person may not even have the approach to
enrolment and verification sites.
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Verification:
The disabled persons may come across some difficulties during the process of verification.
If verification is made dependent on one or more biometrics, which an individual may not have, or be able to
supply, because of the nature of the disability, this could potentially lead to some kinds of exclusion.
The nature of a person's disability may change over time e.g. eyesight or motor control may fluctuate and
probably deteriorate with age which will make the verification/ identification very difficult[2].
The positioning of recognition devices and card readers also needs careful thought, and so does the nature of the
process, e.g. does it require physical contact or not? These issues will be relevant to the ability of people who are
wheelchair users, visually impaired or have motor control disabilities to engage with the processes.
People with visual impairments will also face the problem of focusing their eye in the right place in an iris
scanner. This means iris recognition units might need some form of audio device to help people line their eyes
up to the unit properly.
Conclusion
In the age of technology, we have to keep in mind the issues of concern to the vast population of disabled. In this
context, while the use of biometrics for identification / Verification process is advocated. It must have required
safeguards for the disabled population. Following are the suggestions which should be taken care of with
biometric systems-Instead of using a single biometric we should use a multibiometric i.e those persons who
don't have a particular biometric may be able to use the same by using the other biometric.
It should be a fundamental tenet of the design, engineering and manufacture of all of the components of the
enrolment and verification process that consideration should be given at each stage of the development to the
accessibility requirements of disabled people.
In regard to facial, iris or fingerprint scanning, we would argue that the pattern recognition software or possibly
optical scanning devices should be capable of compensating for distortion caused by a person's inability to keep
their head or hands still in one position for long enough, and still be able to produce an acceptable recognition of
the intended individual's biometrics.
Further the steps must be taken to make the process of enrolment and verification barrier free to make it
accessible to one and all.
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Abstract
Optical networks have been established as the enabling technology for today's high-speed communication
networks. Wavelength Division Multiplexing (WDM) enables the efficient utilization of optical fibers by
dividing its tremendous bandwidth into a set of disjoint wavelength bands. Wavelength Division Multiplexed
switching networks are considered as an important candidate for the future transport networks. As the size of
network increases conventional methods used in teletraffic theory to model these networks become
computationally difficult to handle as the state space grows exponentially. This paper analyzes the wavelength
assignment problem in optical WDM networks. Analysis is based on the calculation of Blocking Probability in
the network. Analysis shows that Blocking Probability is less when wavelength conversion is performed as
compared to when no wavelength conversion takes place. Further, in case of no wavelength conversion, FirstFit method gives less blocking probability as compared to Random-Fit method. Also, work is done to calculate
Shortest Path among the network so that fast data transmission is possible. Dijkastra's Algorithm is used to
calculate the shortest path.
Index Terms - WDM Networks, Blocking Probability, First-Fit method, Random-Fit method, Shortest Path
Algorithm

I. INTRODUCTION
Although the bit rate provided by single-channel fiber optic systems is extremely high compared to the systems
using other media, the traffic demand is also large and increasing more rapidly than previously predicted during
the past few years. Such unexpectedly increasing demand has been driven by many factors, such as
globalization in business, liberalization in worldwide telecommunication markets, and Internet and broadband
access. WDM utilizes a multichannel scheme to increase the system capacity. Multiple channels located at
different wavelengths are transmitted over the same fiber simultaneously; thus, the bandwidth efficiency and
the aggregated bit rate in the single fiber are increased dramatically. In addition, the WDM technique can be
employed not only in new systems but also in the currently-operating systems to expand their capacity.
WDM systems are divided in different wavelength patterns, conventional or coarse and dense WDM.
Conventional WDM
Systems provide up to 16 channels in the 3rd transmission window (C-band) of silica fibers around 1550 nm.
DWDM uses the same transmission window but with denser channel spacing. Channel plans vary, but a typical
system would use 40 channels at 100 GHz spacing or 80 channels with 50 GHz spacing. CWDM in contrast to
conventional WDM and DWDM uses increased channel spacing to allow less sophisticated and thus cheaper
transceiver designs.
One major thing in a telecommunication industry is about traffic, and how to manage this. The definition of
teletraffic engineering is the application of probability theory to the solution of problems concerning planning,
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performance evaluation, operation, and maintenance of telecommunication systems. Generally, traffic can be
defined as information moving from one place to others using telecommunication network. Magnitude of a
telecommunications traffic is measured in units of time, while the value of the traffic channel is the length of
time the channel occupied [10][13].
One parameter which shows network performance is blocking probability. If we have high blocking probability
in our telecommunication network, we can conclude that we have bad network. Every telecommunication
network should have Service Level Agreement (SLA) to define their standardization about service time delay
and time offered in SLA. Service delay should not more than time SLA offered, to prove that our
telecommunication network still fine [2][3][6][11]. Wavelength conversion (full or limited) [5] in WDM
increases the routing choices for a given light path (i.e. makes more efficient use of wavelengths), resulting in
better performance in terms of less Blocking Probability.
II. TECHNICAL WORK PREPERATION
The architecture for wide-area WDM networks that is widely expected to form the basis for a future all-optical
infrastructure is built on the concept of wavelength routing. A wavelength routing network consists of two types
of nodes: optical cross-connects (OXCs), which connect the fiber in the network, and edge nodes which
provide the interface between non-optical end systems (such as IP routers, ATM switches, or supercomputers)
and the optical core. Access nodes provide the terminating points (sources and destinations) for the optical
signal paths; the communication paths may continue outside the optical part of the network in electrical form.
A unique feature of optical WDM networks is the tight coupling between routing and wavelength selection. A
light path is implemented by selecting a path of physical links between the source and destination edge nodes,
and reserving a particular wavelength on each of these links for the light path. Thus, in establishing an optical
connection we must deal with both routing (selecting a suitable path) and wavelength assignment (allocating an
available wavelength for the connection). The resulting problem is referred to as the routing and wavelength
assignment (RWA) problem, and is significantly more difficult than the routing problem in electronic networks.
The additional complexity arises from the fact that routing and wavelength assignments are subject to the
following two constraints:
1. Wavelength continuity constraint: a light path must use the same wavelength on all the links along its path
from source to destination edge node.
2. Distinct wavelength constraint: all light paths using the same link (fiber) must be allocated distinct
wavelengths.
The wavelength continuity constraint may be relaxed if the OXCs are equipped with wavelength converters. A
wavelength converter is a single input/output device that converts the wavelength of an optical signal arriving
at its input port to a different wavelength as the signal departs from its output port, but otherwise leaves the
optical signal unchanged. Different levels of wavelength conversion capability are possible.
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The advantage of full wavelength conversion is that it removes the wavelength continuity constraint, making it
possible to establish a light path as long as each link along the path from source to destination has a free
wavelength (which could be different for different links). As converters are very expensive,
it is not economically feasible to place converters at all nodes. Therefore, there is a trade-off between
performance gain and cost. A more practical and cost effective solution is to use only few converting nodes.
This is known as sparse or limited wavelength conversion.
WDM Network and Blocking Probability in the Network in a wavelength routed network, a message is sent
from one node to another node using a wavelength continuous route called a light path, without requiring any
optical electronic-optical conversion and buffering at the intermediate nodes. One must deal with both the
selection of path (Routing) and allocating the available wavelengths for the connections (Wavelength
Assignment) [1] [7].
Two of the important wavelength assignment algorithms are:
1. Random wavelength assignment: A wavelength is selected randomly from the available wavelengths.
2. First-fit assignment: All the wavelengths are numbered. The wavelength with the lowest number is selected
from the available wavelengths.
The performance of a RWA algorithm is generally measured in terms of the call blocking probability, that is, the
probability that a light path cannot be established in the network due to lack of resources (e.g., link capacity or
free wavelengths). Even in the case of simple network topologies (such as rings) or simple routing rules (such
as fixed routing), the calculation of blocking probabilities in WDM networks is extremely difficult. In networks
with arbitrary mesh topologies, and/or when using alternate or adaptive routing algorithms, the problem is even
more complex. These complications arise from both the link load dependencies (due to interfering light paths)
and the dependencies among the sets of active wavelengths in adjacent links (due to the wavelength continuity
constraint).
A. First-Fit method of Wavelength Assignment
For a given candidate path, wavelengths are considered in the order in which they appear in the list to find a free
wavelength for the connection request. In the static case, the wavelength ordering is fixed (e.g., the list is
ordered by wavelength number). The idea behind this scheme, also referred to as first-fit, is to pack all the inuse wavelengths towards the top of the list so that wavelengths towards the end of the list will have higher
probability of being available over long continuous paths. First-fit does not require global knowledge about the
network. No storage is needed to keep the network states and no communication overhead is needed. The
computational overhead is small and the complexity is low.
C. Random-Fit Method of Wavelength Assignment
With this scheme, the set of wavelengths that are free on a particular path is first determined. Among the
available wavelengths, one is chosen randomly (usually with uniform probability) and assigned to the
requested light path.
D. Calculation of Average Blocking Probability
Average Blocking Probability in a network can be calculated as:
P avg = CB/CG
Where CB is total number of calls Blocked and CG is total number of calls generated. Average Blocking
Probability in WDM based network mainly depends upon number of channels we are allocating to handle a
given traffic in the network, number of links and traffic load per link (in Erlang). By selecting proper values of
all these factors, Blocking Probability can be reduced.
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E. Shortest Path Algorithm
One of the basic problems in transportation planning systems is the calculation of the fastest route between two
points in a road network[6]. The road network defines a directed graph with the nodes of the graph
corresponding to junctions in the road network. Every edge in the graph corresponds to a section of a road
between two junctions. Djikstra's algorithm solves the problem of finding the shortest path from a point in a
graph (the source) to a destination. It turns out that one can find the shortest paths from a given source to all
points in a graph in the same time, hence this problem is sometimes called the single-source shortest paths
problem.This algorithm solves the single-source shortest paths problem on a weighted, directed graph G =
(V,E) for the case in which all edge weights are nonnegative. Therefore we assume that w (u,v) > 0 for each edge
(u,v) ε E.
Dijkstra's algorithm maintains a set S of vertices whose final shortest-path weights from the source s have
already been determined. The algorithm repeatedly selects the vertex u ε V-S with the minimum shortest-path
estimate, adds u to S, and relaxes all edges leaving u.
III. RESULTS
In this section, results shows the performance of different wavelength assignment algorithms in terms of
blocking probability and an analysis is also carried out that shows network topology and load offered to that
network also affects the blocking probability. For Analysis work, all work is done in MATLAB
Table 1: Showing effect of number of channels on Blocking Probability

Traffic in the
Network
(In Erlangs)
40
40
40
40
40

Number of Nodes in the Network:20
Number of
Blocking Probability(%)
Channels allotted
to the Network
8
12
16
18
20

Fig. 2.Blocking Probability in the network with 8 channels

About 84%
About 76%
In between 60% to 70%
In between 45% to 63%
In between 50% to 60%

Fig. 3.Blocking Probability in the network with 12 channels
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Fig. 4.Blocking Probability in the network with 16 channels

Fig. 5.Blocking Probability in the network with 18 channels

Fig. 6.Blocking Probability in the network with 20 channels

Another analysis shows that Offered Load to the Network also affect the Blocking Probability. As load
increases, Blocking Probability also increases. Table given below show the results.
Table 2: Showing effect of Traffic Load on Blocking Probability
Number of Nodes in the Network:8

46

No. of channels

Traffic Load
(In Erlangs)

Max. Blocking
Probability(%)

10
10

4
8

5%
25%

10

10

45%
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Fig.7. Blocking Probability with 4 Erlangs of Load

Fig.8. Blocking Probability with 8 Erlangs of Load

Fig.9. Blocking Probability with 10 Erlangs of Load

Above given Tables and Figures Explain the effect of Network topology and Traffic load on the Blocking
Probability in the Network. Table 1 and related Figures shows that as number of channels allotted to a network
to handle given Traffic, increases, Blocking Probability in the network decreases. Table 2 and related figures
explain that as Traffic offered to a particular network increases with a given number of channels, Blocking
Probability in the Network increases. Thus a proper Network Design with a specific amount of Traffic is
important to get low Blocking Probability. Another issue that is clear here is that wavelength conversion give
lesser Blocking Probability as compared to First-Fit and Random-Fit method. Among these last two methods,
First-Fit gives better result than Random-Fit method.

Fig.10.User defined network structure, highlighted line denotes the shortest path
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Above shown figure is a user defined network structure where end to end connectivity is specified by the user.
Dijkastra's algorithm calculates shortest path between source to destination based on minimum wages
calculation.
IV. CONCLUSION
Work is done to design an efficient WDM network that is having minimum blocking probability. This is
possible by using suitable wavelength assignment techniques. Above given results shows that First-Fit method
gives better result as compared to Random-Fit method and the network with no conversion. We also analyzed
that blocking probability in a network depends upon Network hierarchy as well as offered Traffic to that
network. Many other factors can also affect the blocking probability in the network. In near future, By
improving wavelength assignment techniques, satisfactory performance of WDM based network is possible.
Also, by implementing shortest path concept with network design, a good transmission speed can be achieved.
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Abstract
The 21 century is a knowledge based society and India has the potential to become a leader in such society. At
present India has a sound network of technological and knowledge producing Institutes like Universities,
Colleges, Research Institutes and technology providing firms. Education is the driving force of economic and
social development in any country. Considering this, it is indispensable to find ways to make higher education
of good quality, accessible and affordable to all, using the latest technology available. Since the late nineteen
nineties, information and Communication Technology (ICT) has made marked contribution in diverse fields
like health care, agriculture, trade & commerce and education to name only a few. The trajectory of
development of ICT has intersected every walk of our life. The growth of ICT has been accelerated by the
convergence of three key elements: innovative software, affordable hardware and high speed global network.
The objective of this paper is to highlight the role of information and communication technologies (ICT) in
higher education for imparting easily accessible, affordable and quality higher education leading to the
economic upliftment of India.
The main focus of this paper is on the benefits the ICT integration in higher education can provide, right from
breaking time and distance barriers to facilitating collaboration and knowledge sharing among
geographically scattered students. Wider availability of best practices and best course material in education,
which can be shared by means of ICT, can foster better teaching. This paper also explores the major issues
related to policy, planning, challenges ahead, technical requirement and training required for the stakeholders
for the successful implementation of ICT in an education system like India.
Keywords: Information & Communication Technology, E-Learning, Knowledge networking, Higher
Education
st

Introduction:
India has a billion-plus population and a high proportion of young and hence it has a large formal education
system. The higher education in India has witnessed many fold increase in its institutional capacity since
independence. During 1950 and 2010, the number of Universities has increased from 20 to 480, colleges from
500 to 25000 and the teachers from 15000 to nearly 5.05 lakhs. Consequently, the enrolment of students has
also increased.
Education is the driving force of economic and social development in any country (Chalin, 2005; Mehta and
Kalra, 2006). Considering this, it is very necessary to find ways to make education of good quality accessible
and affordable to all, using the latest technology available.
India, like any other knowledge economy, depends on the development of its educational sector. Higher
education drives the competitiveness and employment generation in India. However, research findings have
shown that the overall state of higher education is dismal in the country. This is a severe constraint on the
availability of skilled labour (Aggarwal, 2006). There exist socio-economic, cultural time and geographical
barriers for people who wish to pursue higher education (Bhattacharya and Sharma, 2007). Effective use of
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Information and communication technology can potentially solve this problem. In the recent years we have
seen a tremendous increase in use of computers in all aspects of human life and the education sector is no
exception to this twenty-first century phenomenon. Everyone in this sector is aware of the vast potential of
computer as a tool for efficient teaching and educational purposes.
However, the main problem facing the issue of Information and Communication Technologies (ICT) in
Education in India is not the scarcity of ICT infrastructure in our educational institutions, rather gross
underutilization of the available ICT facilities by educators and students alike. If we just look into the typical
user pattern of university internet connection/access by the staff and students of any university, we will note
that the access to the Internet is so much limited to or made an exclusive domain of Computer Science
specialists that an ordinary student from Hindi Department will perhaps never get anywhere near the computer
to see the large amount of Hindi language contents that are available on the web.
Therefore, in view of the pace of change brought about by the ICT in education arena to challenge the
traditional ways of teaching, learning and research methodologies, it is now overdue to look into the status of
ICT usage in our educational institutions and develop a strategy for more effective and equitable use of ICT
across all the streams from Aeronautics Engineering to Sanskrit.
The challenge -Ahead
The challenges before the education system in India can be said to be of the following nature:
Access to education- There exist infrastructure, socio- economic, linguistic and physical barriers in India for
people who wish to access education (Bhattacharya and Sharma, 2007).
Quality of education- This includes infrastructure, teacher and the processes quality.
Resources allocated Central and State Governments reserve about 3.5% of GDP for education as compared to
the 6% that has been aimed (Ministry of Human Resource Development, 2007).
There exist drawbacks in general education in India as well as all over the world like lack of learning materials,
teachers, remoteness of education facilities, high dropout rate etc. (UNESCO, 2002).
Need to Assimilate ICT in Higher Education
In the current Information society, there is an emergence of lifelong learners as the shelf life of knowledge and
information decreases. People have to access knowledge via ICT to keep pace with the latest developments
(Plomp, Pelgrum & Law, 2007). In such a scenario, education, which always plays a critical role in any
economic and social growth of a country, becomes even more important. Education not only increases the
productive skills of the individual but also his earning power. It gives him a sense of well being as well as
capacity to absorb new ideas, increases in social interaction, gives access to improved health and provides
several more intangible benefits (Kozma, 2005). The various kinds of ICT products available and having
relevance to education, such as teleconferencing, email, audio conferencing, television lessons, radio
broadcasts, interactive radio counseling, interactive voice response system, audiocassettes and CD ROMs etc
have been used in education for different purposes (Sharma, 2003; Sanyal, 2001; Bhattacharya and Sharma,
2007).
Table 1: The Four main rationales for introducing ICT in education:
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Rationale

Basis

Social

Perceived role that
technology now plays in
society and the need for
familiarizing
stud ents
with technology.
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Vocational

Preparing students for
jobs that require skills in
technology.

Catalytic

Utility of technology to
improve performance and
effectiveness in teaching,
management and many
other social activities.

Pedagogical

To utilize technology in
enhancing
learning,
flexibility and efficiency
in curriculum delivery

Source: Cross and Adam (2007).
Today ICTsincluding laptops wirelessly connected to the Internet, personal digital assistants, low cost video
cameras, and cell phones have become affordable, accessible and integrated in large sections of the society
throughout the world. It can restructure organizations, promote collaboration, increase democratic
participation of citizens, improve the transparency and responsiveness of governmental agencies, make
education and health care more widely available, foster cultural creativity, and enhance the development in
social integration (Kozma, 2005). It is only through education and the integration of ICT in education that one
can teach students to be participants in the growth process in this era of rapid change.
ICT can be used as a tool in the process of education in the following ways:
= Informative tool: It provides vast amount of data in various formats such as audio, video, documents.
= Situating tool: It creates situations, which the student experiences in real life. Thus, simulation and virtual
reality is possible.
= Constructive tool: To manipulate the data and generate analysis.
=Communicative tool: It can be used to remove communication barriers such as that of space and time (Lim
and Chai, 2004).
The following mediums are used for the delivery and for conducting the education process:
Voice - Instructional audio tools that include interactive technologies as well as the passive ones.
Video - Instructional video tools that include still images, prerecorded moving images, and real-time moving
images combined with audio conferencing.
Print - instructional print formats that include textbooks, study guides, workbooks and case studies.
(Bhattacharya and Sharma, 2007; National Programme on Technology Enhanced Learning, 2007).
ICT also allow for the creation of digital resources like digital libraries where the students, teachers and
professionals can access research material and course material from any place at any time (Bhattacharya and
Sharma, 2007; Cholin, 2005). Such facilities allow the networking of academics and researchers and hence
sharing of scholarly material. This avoids duplication of work (Cholin, 2005).
Use of ICT in education develops higher order skills such as collaborating across time and place and solving
complex real world problems (Bottino, 2003; Bhattacharya and Sharma, 2007; Mason, 2000; Lim and Hang,
2003). It improves the perception and understanding of the world of the student. Thus, ICT can be used to
prepare the workforce for the information society and the new global economy (Kozma, 2005).
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KNOWLEDGE NETWORKING
Knowledge based networking implies that knowledge is acquired not just by creation but also by transfer of
knowledge existing elsewhere. Knowledge Networking holds the prospect of an accelerated introduction of
state-of-art technologies superseding the step-by-step process of transferring know-how and technologies
among users and possesors of information. With the plummeting costs, the transfer of knowledge is becoming
cheaper than ever. Networking for knowledge -sharing caters to the global thirst for information, builds up
awareness among the change agents or those who can exert external pressure, and encourages informed and
active participation of communities and individuals. Further it creates a mechanism which enables articulation
and sharing of local knowledge with potential for further enrichment of this information as it passes through the
network users. Benefits include more efficient and targeted development intervention, less duplication of
activities, low communication costs and global access to information and human resources.
To fulfill such a broad vision to use ICT in education, particularly in higher education sector to boost research
capabilities and to ensure quality research in remote institutions, implementation efforts will have to ensure
proper collaboration with other ongoing national knowledge-based projects and initiatives aimed at supporting
education and research networks, policy makers and institutions.
The future development of ICT and web-based learning scenario, particularly in open and distance learning
systems will increase the pressure on the formal educational institutions to meet the demands of quality in
research and education. Therefore, institutions should have the appropriate capacities in terms of institutional
commitment, human resources, equipment, and other physical resources in order to contribute and benefit from
the increased use of ICT in education in coming years. To achieve such a goal a few further steps should be
taken in the following direction:
= Orientation and increasing the access of staff and students in all institutions to available information and
knowledge resources on a broad based time-sharing basis;
= Institutional capacity building activities to increase the use of ICT among staff and students;
= Advocacy with libraries, users and researchers in general.
Adequate and immediate actions in the above direction will surely show results that can be measured and scaled
by:
= Satisfaction of staff, students and users with progress made by them in achieving academic credits (reflected
tangibly in their exam scores)
= Increase in the number of users and the library and information network nodes established and sharing
knowledge resources a particular institute;
= Increase in the number of knowledge exchanges and knowledge institutions connected with web-based
library networks;
= Number and quality of ICT capacity building training, meetings workshops held; and
= Increase in adoption and adherence to international standards on information processing, management,
communication and dissemination.
E-Learning:
E-Learning comprises all forms of electronically supported learning and teaching, which are procedural in
character and aim to effect the construction of knowledge with reference to individual experience, practice and
knowledge of the learner. Information and communication systems, whether networked or not, serve as
specific media to implement the learning process. E-learning allows higher participation and greater
interaction. It challenges the concept that face-to-face traditional education is superior to it (Bhattacharya and
Sharma, 2007).
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Plomp et al., (2007) state that the experience of many teachers, who are early innovators, is that the use of ICT is
motivating for the students as well as for the teachers themselves. Bottino (2003) and Sharma (2003) mention
that the use of ICT can improve performance, teaching, administration, and develop relevant skills in the
disadvantaged communities. It also improves the quality of education by facilitating learning by doing, real
time conversation, delayed time conversation, directed instruction, self-learning, problem solving, information
seeking and analysis, and critical thinking, as well as the ability to communicate, collaborate and learn (Yuen et
al, 2003).
E-learning allows delivery, dialogue and feedback over the Internet. It allows mass customization in terms of
contents and exams. E-education can provide access to the best gurus and the best practices or knowledge
available (UNESCO, 2002). It is possible to leverage the online environment to facilitate teaching techniques
like role-play across time and distance (Wishart, 2007). It can also facilitate the development of scenarios,
which can be rarely witnessed in practice. ICT can play a valuable role to monitor and log the progress of the
students across time, place and varied activities.
E learning has the following advantages:
= Eliminating time barriers in education for learners as well as teachers (Sanyal, 2001; Mooij, 2007; Cross and
Adam, 2007; UNESCO, 2002; Bhattacharya and Sharma, 2007);
=Eliminating geographical barriers as learners can log on from any place (Sanyal, 2001; Mooij, 2007; Cross
and Adam, 2007; UNESCO, 2002; Bhattacharya and Sharma, 2007);
=Asynchronous interaction is made possible leading to thoughtful and creative interaction (Sanyal, 2001;
UNESCO, 2002; Bhattacharya and Sharma, 2007);
=Enhanced group collaboration made possible via ICT (Plomp et al., 2007; Sanyal, 2001; Bhattacharya and
Sharma, 2007);
=New educational approaches can be used. (Sanyal, 2001);
=It can provide speedy dissemination of education to target disadvantaged groups (UNESCO, 2002; Chandra
and Patkar, 2007);
=It offers the combination of education while balancing family and work life (UNESCO, 2002; Bhattacharya
and Sharma, 2007);
=It enhances the international dimension of educational services (UNESCO, 2002);
=It allows for just in time and just enough education for employees in organizations (UNESCO, 2002).
=It can also be used for non-formal education like health campaigns and literacy campaigns (UNESCO,
2002).
To summarize, the following table shows the main benefits of using ICT in education to the various
stakeholders:
Table 2: Benefits of ICT in education to the main stakeholders

Stakeholder

Student

Benefits
• Increased access,
• Flexibility of content and
delivery,
• Combination of work and
education,
• Learner -center ed approach,
• Higher quality of education
and new ways of interaction.
• High quality, cost effective
professional development in

SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

55

Assimilation of Information & Communication Technology (ICT) in Higher Education

the workplace,
• Upgrading of employee
skills, increased
productivity,
Employers

Governments

•Development of a new
learning culture ,
• Sharing of costs and of
training time with the
employees,
• Increased portability of
training.
• Increase the capacity and
cost effectiveness of
education and training
systems,
• To reach target groups with
limited access to
conventi onal education and
training,
• To support and enhance the
quality and relevance of
existing educational
structures,
• To ensure the connection of
educational institutions and
curricula to the emerging
networks and information
resources,
• To promote inn ovation and
opportunities for lifelong
learning.

Source: Cross and Adam (2007).
India is making use of powerful combination of ICTs such as open source software, satellite technology, local
language interfaces, easy to use human-computer interfaces, digital libraries, etc. with a long-term plan to reach
the remotest of the villages. Community service centres have been started to promote e-learning throughout the
country (Bhattacharya and Sharma, 2007). Notable initiatives of use of ICT in education in India include:
=Indira Gandhi National Open University (IGNOU) uses radio, television, and Internet technologies.
=National Programme on Technology Enhanced Learning: a concept similar to the open courseware initiative
of MIT. It uses Internet and television technologies (National Programme on Technology Enhanced Learning,
India, 2007).
=Eklavya initiative: Uses Internet and television to promote distance learning (EKLAVYA Technology
Channel, India, 2007).
=IIT-Kanpur has developed Brihaspati, an open source e-learning platform (Bhattacharya and Sharma, 2007).
=Premier institutions like IIM-Calcutta have entered into a strategic alliance with NIIT for providing
programmes through virtual classrooms.
=IIT-Bombay has started the program of CDEEP (Centre for Distance Engineering. Education Program) as
emulated classroom interaction through the use of real time interactive satellite technology (Centre for
Distance Engineering Education Programme, India, 2007).
=One Laptop per Child (OLPC) in Maharashtra (One Laptop per Child, 2007).
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Summary and Conclusions
In this paper an effort has been made to explore the role of ICT in education. In particular the paper has argued
that ICT have impacted on educational practices to date in quite in small ways but that the impact will grow
considerably in years to come and that ICT will become a strong agent for change among many educational
practices.
Globalization and emergence of the knowledge society are influencing the way we operate in our various
professional and social sectors. The often repeated fear that by adopting computers and technologies from the
developed world in a country like India, where we are still to provide enough blackboards to our schools, we
will only create another social divide between minority digital elite group and the poor masses is not unfounded
one. Our universities and Institutions of higher education are invariably connected to the information
superhighway but the fruits of the information society are still limited to a few and those who can afford private
connectivity fees. It is now evident that successful ICT integration depends on many factors. National policies
as well as University policies and actions taken have a deep impact on the same. Similarly, there needs to be an
ICT plan, support and training to all the stakeholders involved in the integration. Only through a fair and equal
access to ICT facilities we can empower our average learners, teachers and researchers to communicate, share
information and transact with colleagues, fellow researchers and professional bodies across the globe. Also
proper control and licensing should be ensured so that accountability, quality assurance, accreditation and
consumer protection are taken care of.
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Abstract
Consumer behavior studies the behavior of individual or a group of people. The study of consumer behavior
provides marketers to understand and predict the future market behavior. Consumer behavior studies the
behavior of individual or a group of people, the types of insurance policy taken by consumer, the total sum
assured of life insurance, the total sum assured of life insurance for the spouse, the share of public insurance in
insurance sector, share of LIC in life insurance in insurance sector and the reasons for invested in life insurance
have been studied. . In this paper, role of IRDA, role of Indian banks, role of private insurance companies,
function of insurance company, various factors influencing consumer behavior, factors influencing buying
decision and model of consumer decisions making process have been considered.
Keywords: Buying decision and Consumer decisions making process, Consumer behavior.
Introduction
The study of consumer behavior enables marketers to understand and predict consumer behavior in the market
place in advance and it is concerned not only with what consumers buy but also with why, when, where, how
and how often they buy it. Consumer behavior is the process where the individual decides what, when, how and
from whom to purchase goods and services. Consumer behavior studies how individuals, groups and
organization select, buy, use dispose off goods, services, ideas or experiences to satisfy their needs and desire.
Consumer research is the methodology which is used to study consumer behavior and it takes place at every
phase of the consumption process during before and after the purchase. Consumer behavior has become an
integral part of strategic and social responsibility. It should also be an integral component of every marketing
decision embodied in a revised marketing and the social marketing concept. Consumer behavior is
interdisciplinary approach that is based on concepts and theories about people that have been developed by
scientists in diverse disciplines such as psychology, sociology, social psychology, cultural anthropology and
economics. It helps marketers to fulfill the needs of their target markets in such a way that it develops a society.
Insurance may be described as a social device to reduce or eliminate risk of life and property. Under the plan of
insurance, a large number of people associate themselves by sharing risk, attached to individual. The insurance
sector in India come a full circle from being an open competitive market to nationalization and back to a
liberalized market. Tracing the developments in the Indian insurance sector reveals the 360-degree turn
witnessed over a period of almost 190 years. Insurance is a contract whereby, in return for the payment of
premium by the insured, the insurers pay the financial losses suffered by the insured as a result of the occurrence
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of unforeseen events. The business of life insurance started in India in the year 1818 with the establishment of
the Oriental Life Insurance Company in Calcutta. The Indian insurance market is characterized by the presence
of 'young pensioners', as per an article in the 'Times of India'. Young pensioners are typically under 40
individuals who are purchasing retirement plans. The risk, which can be insured against include fire, the peril of
sea, death, incident, & burglary. Any risk contingent upon these may be insured against at a premium
commensurate with the risk involved. Insurance is actually a contract between two parties whereby one party
called insurer undertakes in exchange for a fixed sum called premium to pay the other party on happening of a
certain event.
The prime objective of the company is to ensure the safety of the resources invested by the company's
shareholders. LIC is slated to buy up bonds worth Rs. 1.15 trillion in the current fiscal year. LIC expects to earn
a gross investment income ranging from Rs. 400 billion to Rs. 450 billion in the current year, depending upon
the prevalent market conditions.LIC manages total assets worth around US$175 billion. Life Insurance
Corporation (LIC) is India's biggest domestic institutional investor. It is also the largest life insurance company
in India.LIC envisages augmenting its equity investment by one third in 2008. LIC plans to buy equities worth
Rs 450 billion for the year 2008-09. The comparable figure for 2007-08 was Rs 340 billion. Thomas Mathew,
LIC Managing Director expects the volatility in the stock markets to continue till October-November.The
current penetration level of the Indian insurance sector is 0.65 %.The Indian urban sector is a significant
contributor to the general insurance market P.Chidambaram, the then Indian Finance Minister, called for the
insurance companies in India to make simple products for the Indian masses. According to K. N. Bhandari, the
Secretary General of General Insurance Council, India's general insurance sector is slated to grow at 18% rate
in 2008. The comparable figure for 2007 was 13%. As per Mr. Bhandari, the present market value of the Indian
general insurance sector is Rs. 30,000-crore. It is expected that the products will then possess a high
penetration power particularly in rural India. According to Mr. Chidambaram, a simple product will gain more
reception.
OBJECTIVES
* To know about the share of LIC in life insurance in insurance sector
* To know about the reasons for investment in life insurance
* To know about the total sum assured of life insurance
* To know about the total sum assured of life insurance for the spouse
* To know about the share of public insurance in insurance sector
ROLE OF IRDA IN INSURANCE SECTOR
Insurance in India started without any regulations in the nineteenth century. The entry of the State Bank of India
with its proposal of bank assurance brings a new dynamics in the game. On July 14, 2000 Insurance Regulatory
and Development Authority bill was passed to protect the interest of the policyholders from private and foreign
players. It was a typical story of a colonial era: a few British insurance companies dominating the market
serving mostly large urban centers. After the independence, the Life Insurance company was nationalized in
1956, and then the general insurance business was nationalized in 1972. Only in 1999 private insurance
companies were allowed back into the business of insurance with a maximum of 26 per cent of foreign holding.
The other important norm is the expansion of the sanctioned investments category, which would also include
the mortgaged securities and the initial public offerings unlike previously when these two were not included.
The proposal would be submitted to the Insurance Regulatory and Development Authority of India (IRDA)
board for approval. IRDA plays an important role in insurance sector giving important guide lines to various
companies in the area of insurance. The IRDA's green signal to insurance companies for investments in venture
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capital funds would provide a boost in growth pertaining to the infrastructure segment. The insurance
companies would be allowed to invest about 5% of the total investment in the venture capital funds pertaining
to infrastructure based projects. The total aggregate of the assets under the life insurance companies is Rs.
699,375 crores. The proposed alterations in the regulations pertaining to investments of the insurance
companies were settled by the Insurance Regulatory and Development The alterations would help in
developing the instruments of investment and provide flexibility for insurers. The alterations would provide
more margins pertaining to the investments in certificates of deposit issued by the banks and term deposits.
Authority of India (IRDA), at the board meeting on the 25th of March 2008. Several other alterations were also
done with the investment norms. The final draft was published in the Gazette of the Central Government at the
end of March 2008. According to the Insurance Regulatory and Development Authority (IRDA), the private
insurers had collected premium income from new business of about Rs. 18,980 crores, in 2007. At present the
insurance companies may invest about 10% of its investment funds to a particular sector. The Insurance
Regulatory and Development Authority of India (IRDA) constituted a working group in the year 2006 to probe
the existing investment regulations and provide review on the present statutory advices.
ROLE OF INDIAN BANKS IN INSURANCESECTOR
The major Indian Banks that are planning to enter the insurance sector of the country are Union Bank, Federal
Bank, Allahabad Bank, Bank of India, Kamataka Bank, Indian Overseas Bank and Bank of Maharashtra.
Further, there are a number of banks that are planning to set up their own companies for insurance such as Bank
of Baroda, Punjab National Bank, and Dena Bank. Indian banks are planning to enter the insurance sector on
their own, without partnering with insurance companies due to several reasons. One important reason is that
they would get better dividends than the commission they would get by entering into partnerships with other
insurance majors. Moreover, this would help them to diversify from the regular banking activity that they are
involved in The insurance companies have been affected with the planning of Indian banks to foray into the
insurance sector of the country. Many Indian banks are planning to enter the insurance sector due to the huge
growth that is estimated to take place in this sector. Indian banks plan to foray into the insurance sector by
setting up their own insurance companies. The Indian insurance sector collected a premium of about Rs. 75,000
crores in the segments of non- life and life insurance, during the first nine months of 2007-2008. Further, the
business of insurance in the country is expected to increase due to the growth in the categories of semi- urban
and rural insurance and is expected to be worth about US$ 60 billion by 2010. This is due to the fact that the
insurance companies are now unable to find banks with whom they can enter into partnerships for the
distribution of their products.
ROLE OF PRIVATE INSURANCE COMPANIES IN INSURANCE SECTOR
Max New York Life Insurance Company is the leading private life insurance company in India. Max New York
Life Insurance Company is one of the fastest growing life insurance companies in India and is the first life
insurance company of India to be awarded with ISO 9001:2000 certification. Max New York Life Insurance
Company Ltd. launched 'lifeline' a health insurance product on March 2008, across India. Now, the company
can boast of offering complete health and life insurance products across 11 regions in India. This newly
launched health insurance product of Max New York Life Insurance Company offers three groups of heath
insurance solutions. The director marketing product management and corporate affairs of Max New York Life
Insurance said that these three distinct heath insurance products are meant to cover eventualities like
hospitalization, surgery and critical illness of the insured and these plans have been structured with features like
coverage for a wide range of ailments, no claim discount on revised premium for a healthy life, a fixed premium
for a five-year term, free second opinion from the best health care institutions of India on detection of illness.
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Further, it also has provision for a free telephonic medical helpline across India. The hospitalization is covered
by "Medicash Plan", which is meant to provide a fixed amount of cash benefit on a day-to-day basis during the
entire period of hospitalization of the insured. The "Medicash Plan" would also cover expenses for admission in
ICU, lump sum benefits against an unlimited number of surgeries and recuperation benefits. The second plan of
the newly launched health insurance of Max New York Life Insurance, is the "Wellness Plan", which is a more
attractive one and covers 'critical illness' like cancer, alzheimers, heart ailments, liver disease, deafness,
permanent disability, etc. The "Wellness plan" covers thirty eight critical illnesses, which is the highest number
of illness covered under one insurance plan in India by any insurance company. The third health insurance
policy of Max New York Life Insurance is a term plus health protection plan known as "Safety Net". Private
sector also plays important role in this sector and tried to capture maximum shares in this sector. The private
insurance joint ventures have collected the premium of Rs. 1019.09 crore with the investment of just Rs. 3,000
crore in three years of liberalization. The private insurance players have significantly improving their market
share when compared to 50 years Old Corporation (i.e. LIC). As per the figures compiled by IRDA, the Life
Insurance Industry recorded a total premium underwritten of Rs. 10,707.96 crore for the period under review of
this, private players contributed to Rs. 1,019.09 crore, accounting for 10 percent. Life Insurance Corporation of
India (LIC), the public sector giant, continued to lead with a premium collection of Rs. 9,688.87 crore,
translates into a market share of 90 per cent. In terms of number of policies and schemes sold, private sector
accounted for only 3.77per cent as compared to 96.23 per cent share of LIC (The Economic Times, 21 March,
2004). The ICICI Prudential topped among the private players in terms of premium collection. It recorded a
premium of Rs. 364.9 crore followed by Max New York Life with Rs. 176.8 crore, Birla Sun Life with a
premium of Rs. 170 crore ,HDFC Standard with Rs. 132.7 crore. In case of private non-life insurance players,
that their market share rose to 14.13 per cent, recording a growth of 70.75 per cent on an annual basis, while the
market share of public sector stood at 85.87 per cent, registering a marginal growth of 6.34 per cent. The overall
market has recorded a growth of 12.32 per cent by the end of January 2004. Among the private non-life
insurance players, ICICI Lombard topped the list with a premium collection of Rs.403.62 crore in one year
period with a market share of 3.05 per cent and with an annual 131.6 per cent, followed by Bajaj Allianz with a
premium of Rs.385.02 crore and 2.91 percent market share and Tata AIG with 300.49 crore premium and 2.27
per cent market share with an annual growth rate of 62.60 per cent. Recently, HDFC Chubb and
Cholamandalam have registered annual growth rates of 4030.26 per cent and 1101.20 per cent respectively,
whereas New India has registered it as 0.38 per cent. If this trend continues, private insurer would dominate the
public sector like New India Insurance Corporation. It is obviously reflect the insurance sector has facing the
challenges with foreign counter parties as well as private counter parties and lot more opportunities are
prevailing to penetrate the insurance business among the uncovered people and area of India. Further, it leads to
economic development of the country.
FUNCTIONS OF INSURANCE CAN BE CLASSIFIED INTO THREE PARTS
1.Primary Functions
2.Secondary functions
3. Other functions
The primary functions of insurance include the following:
Collective bearing of risk--Insurance is a device to share the financial loss of few among many others.
Insurance is a means by which few losses are shared among larger number of people. All the insured contribute
the premiums towards a fund and out of which the
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Provide protection - The primary function of insurance is to provide protection against future risk, accidents
and uncertainty. Insurance is actually a protection against economic loss, by sharing the risk with others.
Persons exposed to a particular risk is paid.
Provide certainty--Insurance is a device, which helps to change from uncertainty to certainty. Insurance is
device whereby the uncertain risks.
Assessment risk Insurance determines the probable volume of risk by evaluating various factors that give rise
to risk. The secondary functions of insurance include the Following:
Small capital to cover larger risks--Insurance relieves the businessmen from security investments, by paying
small amount of premium against larger risks and uncertainty.
Prevention of Losses--Insurance cautions individuals and businessmen to adopt suitable device to prevent
unfortunate consequences of risk by observing safety instructions and installation of automatic sparkler or
alarm systems etc. Prevention of losses causes lesser payment to the assured by the insurer and this will
encourage for more savings by way of premium. Reduced rate of premiums stimulate for more business and
better protection to the insured.
Contributes towards the development of larger industries--Insurance provides development opportunity to
those larger industries having more risks in their setting up. Even the financial institutions may be prepared to
give credit to sick industrial units which have insured their assets including plant and machinery.
The other functions of insurance include the following:
Source of earning foreign exchange--Insurance is an international business. The country can earn foreign
exchange by way of issue of marine insurance policies and various other ways.
Risk free trade--Insurance promotes exports insurance, which makes the foreign trade risk free with the help
of different types of policies under marine insurance.
Means of savings and investment--Insurance serves as savings and investment. Hence, insurance is a
compulsory way of savings and it restricts the unnecessary expenses by the insured's. For the purpose of
availing income-tax exemptions people may also invest in insurance.
FACTORS INFLUENCING CONSUMER BEHAVIOUR
Cultural factor: It has potent influences that are brought up to follow the beliefs, values and customs of their
society and to avoid behavior that is judged acceptable. Beliefs, values and customs set subculture apart from
other members of the same society. Thus sub-culture is a distinct cultural group that exists as an identifiable
segment, within a larger, more complex society.
Personal factor: It is a very important factor. Personal factors also influence buyer's behavior. They include age,
income, occupation, life style. They simply direct our outer personality.
Psychology factor: The buying behavior of consumer is influenced by a number of psychological factors which
includes motivation, perception, learning, beliefs and attitude and personality.
Social factor: Social factor divides the society into a hierarchy of distinct classes. The members of each class
have relatively the same status and members of other classes have either more or less status. It includes family,
group, celebrity etc.
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VIII. FACTORS INFLUENCING THE PURCHASE DECISION

IX. MODEL OF CONSUMER DECISIONS MAKING PROCESS

CONCLUSION
With increase in population and income there is a wide scope in insurance sector. Insurance sector provides
some security to the consumer for any type of mishappening. In this sector, IRDA plays an important role and
time to time gives important guide lines to various companies. Still, LIC plays an important role and has
maximum share in this sector. Recently banking sector has also moved towards insurance sector since they
would get better dividends than the commission they would get by entering into partnerships with other major
insurance market players. Union Bank, Federal Bank, Allahabad Bank, Bank of India, Karnataka Bank, Indian
Overseas Bank, Bank of Maharashtra, Bank of Baroda, Punjab National Bank, and Dena Bank are planning to
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enter in this sector. Among private sectors Max New York insurance company plays a vital role. There are
various factors that affect the consumer buying decision and also influence consumer thinking when they are
planning to invest in insurance scheme .Major respondents generally prefer insurance like vehicle insurance,
term cover insurance, medical/health insurance and they also prefer sum assured of life insurance less than Rs
10 lakh. Most of the respondents show their interest in life insurance having higher risk coverage and also for
tax saving purpose.
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Abstract:
This paper evaluates the ongoing threats over the data mining operations in retail industry, which includes data
extraction and data security over the retail network in various small to large scale companies. The ongoing
threat over the data is to protect sensitive financial information during payment made by the customer as well
as the owner to their vendors using plastic money. To analyze this problem, various products have been
addressed over payment card industry DSS (Data Security Standards) and various algorithms being
implemented in extracting reliable information for company usage. In this paper, we have explained the usage
of clustering algorithm can be used by retail stores to have secured and usable form of data.
Keywords: PCI , link clustering, ROCK, COOLCAT, categorical data, demographic data
Introduction
Now a days, retail trade is conducted in large scale by various companies, which includes various retail
organizations like, Departmental stores, multiple shops or chain stores, mail order houses, super markets,
consumer co-operative stores, hire purchase trading houses, vending machines, one price shops etc. For
example from the above, departmental store is a retail organization having number of departments under one
roof. All these departments are centrally organized and are under one united management and control. The
basic objective of these kinds of stores is to provide large variety or merchandise from a pin to an aero plane at
one place. In this way, all other types of stores performing the same type of operation but under the centrally
organized management control. Following diagram depicted the PCI solution conceptual architecture followed
by many retail organizations:

WAN
Internet

Retail Store
Retail
Store
Computer

Customer and Employees

Data Centre
Mobile
Service
Provider

Data
Server

MGT
Server

Web
Application
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Figure 01: Data Collection Center Architecture
SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

65

Analysis of Data Extraction and Security problems during Data Transfer in Retail Stores

Above figure 01 describes the data collection center architecture, in which required infrastructure, data security
while transit and monitoring & maintenance of configuration while extracting the data from retail store or
through customer, is presented. Above architecture also explains all retailer activities, which processes, store or
transit credit or debit card information over their networks. For example, In case companies are having different
guidelines for different types of cards, then payment methods and transaction procedures varies from one
company to another. This can cause a problem while extracting payment type information from one customer to
another. In case a customer has suffered a hack or an attack which resulted into false information and get
extracted by the retail store server, result into garbage data. Thus need of secure data extraction and procedures
arise while accessing such potential information.
Earlier, retail store data security has never been important or necessary in computing environment. Retail store
technology has changed from closed system to open system, which allows greater and more meaningful
interaction with the customer, headquarters and partners. It has one more benefits and that is to better control
and understand the store operations. Therefore some new technologies has been introduced for the retail store
into the market such as wireless networking, store interacting access, multifunction point-of-scale devices,
multichannel selling, customer kiosks, handheld devices, voice over internet protocol (VOIP), radio frequency
identification (RFI), and so on. But these technologies need more effort over security for data and its extraction
procedures due to nature of applications and their functionality. Unsecured data and extraction procedure leads
to loss of corporate and customer data into the hands of employees and non-employees of the organization. Safe
usage of payment card interface by customers ensures protection of customer and its data as well, which can be
held accountable for its theft. To make extraction of data and security, guided the retail store structure to be in
four sections i.e. securing the network, securing the systems, securing the data and managing for security.
Components for Data Extraction and Data Security over the Retail Network
Due to the increasing sophistication of threats from hackers and the implications of emerging technology
trends, many organizations are ill-prepared for today's basic issues. Thieves gained access to “data in motion”
via purchase transactions at hundred of retail stores, where a compromise of more than millions of customers
can be taken. Hackers often obtain unauthorized access to retail customer debit and credit card information
located on servers and clients. This can be removed by creating security zones to protect customer data from
attack. Many organizations are focused on providing simplified process to enhance their network as strong as
possible. This results in following requirement to create a new secured and simplified network i.e.
 Create a network system i.e. using routing, switching, wireless etc.
 Using Hosts and Servers
 Regular monitoring and management of system
 Encryption procedures
 Authentication technique used
 Policy management and other application and services
In above all, encryption procedures play an important role to meet all the guidelines designed for the purpose of
extracting data in secure environment. For this, encryption procedures can be used for data at rest as well data in
motion. It means that various key management techniques can help in transfer of secure data from customer to
retail store and then retail store to the data collection center. RSA File Security Manager and RSA key Manager
is used to manage secure delivery of encrypted sensitive data to the retail store server. Data in motion such as
payment collection data need to be transferred only through VPN for security. This can be possible using SSL
i.e. Secure Socket Layer services or WPA2 i.e. Wi-Fi Protected Access version 2. Moreover secure access
control servers can be used to enforce management and control policies over the operational access to the
network devices and services. Microsoft has actively devised some application services in this regard to meet
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the PCI requirements and set a solution for that. But still problems can arise while extracting data from the retail
store to the data collection centers. This can be possible only due to usage of non-regularize procedures during
this operation. For example, in case of database contain multiple values that have to be analyzed and aggregated
to derive meaningful information. But this problem can be solved by implementing some clustering algorithms
during the data mining procedures in a secured manner only.
Overview of Clustering
Clustering is the process of organizing the given data into sensible groupings. The organization is based on
similarities perceived. Cluster analysis is the formal study of algorithms and methods of grouping the data, and
is an unsupervised pattern in classification technique. Clustering algorithm aims at finding the structure of data.
The representation of objects is based on a set of measurements, and their relationship with other objects
clusters can be defined in any ways, such as:
 A cluster is a set of entities which are alike, and entities from different clusters are not alike
 A cluster is an aggregation of points in the test space such that the distance between any two points in the
cluster is less than the distance between any point in the cluster and any point not on it.
 Clusters may be described as connected regions of a multidimensional space containing a relatively high
density of points, separated from such other regions by a region containing a relatively low density of points.
Degree of similarity
Clustering method require that an index of proximity, or alikeness or degree of similarity be established
between pairs of entities. A proximity index can either be a similarity or dissimilarity, the more ith term and jth
term resemble one another, the larger a similarity index or smaller a dissimilarity index value. A matrix d[i,j]
accumulates the pair-wise indices of proximity in a matrix in which each row and column represent
pattern/entity. The diagonal entities are one, since each entity is exactly similar to itself.
There are various methods to breach customer data, forcing retail companies to better protect the security and
confidentiality of customer information. The consequences of breach may include:
 Customer identity theft leading to fraud
 Customer dissatisfaction and class-action lawsuits
 Tarnished retail brand
 Increased operating costs
 Curtailment of strategic business plan through tightening restrictions on the use of customer data
Using categorical data clustering and link clustering, one can investigate the commonalities between these two
and then using clustering algorithm one can simplify this approach. For this some categorical based algorithms
and link clustering based algorithms are designed. These algorithms can help in extracting data in secured
manner ROCK (hierarchical clustering algorithm) and COOLCAT (an entropy-based algorithm). Both of them
are used for categorical clustering of database.
Experimental Results
Above said algorithms can be implemented on retail sector databases or data collection centers. As all of us
know that clustering groups data into sets in such way that intra-cluster similarity is maximized while intercluster similarity is minimized. This technique is used in pattern recognition, customer segmentation, similar
research and trend analysis. Earlier clustering algorithm mainly focused on numeric data, but much of our data
received at data collection centers is categorical. Thus, a new approach of clustering algorithm is required,
which can be possible using ROCK based or COOLCAT based algorithms. Co-occurrence data during
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collection of data at data collection centers for retail stores. This can abundant source of data. Link clustering
algorithms attempts to find underlying group of entities given link and demographic data. Another usage of link
clustering is to collect categorical based data.
Our new experimental methods using link clustering helps in extracting categorical based data to achieve better
clustering accuracy. K-modes algorithms extend its features to extract categorical based data to minimize the
clustering cost function. A fuzzy k-modes algorithm is presented as a best search technique to extract important
and reliable categorical based data. Another faster and summary based algorithm i.e. CACTUS, can also be
used. CACTUS is three phases based algorithm i.e. summarization, clustering and validation. So, in above
research methods we came across with many clustering based algorithm which help to extract categorical based
and demographic based data.
View of Link Based Algorithm Usage
Consider the dataset S = {s1, s2, . . . . . sn}to be a set of objects described by n categorical attributes, M1, M2 . . . . Mn
with domains D1, D2 . . . . . Dn respectively. Two rows a and b are equivalent with respect to a given attribute Mi if
a[Mi] = b[Mi]. Informally we can say that a and b are linked by some common attribute values on M. Moreover,
any attribute Mi partitions the rows of the relation into equivalence classes. For example, consider a problem
with categorical data in the form of table with 'n' records and each is described into 2 categorical attributes. We
can get the different partitions in different groups i.e. group of 3 attributes or group of 5 attributes or group of 6
attributes and so on. They can be written as {(1,4,3),(5,4,3),(8,7,9)}etc. This clustering of data can be
transformed into link clustering form using k-modes fuzzy algorithm.
k-group algorithm has five primary components i.e. demographics data set (DD), link data set (LD), chart (CH),
demographic model (DM) and link model (LM). These components help in generating the data from the model.
Using the Bayesian network one can apply the above components on collected data and then transforms into
meaningful information i.e.
Demographic s
Model

Demographics
Model

Link

Chart

Model

Link
Data

Figure 02: Probabilistic model of group members and link generations
Above figure 02 helps in finding the chart, demographics model, and possibly link model which maximizes
the likelihood. This can be done by trying different moves, by adding an entity to a group or removing from
a group, and evaluate the change in the log likelihood.
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Conclusion
Our main consideration in this paper is to explicitly define various methods to extract the right data for retail
data center in a secure manner. Thus using the above algorithmic techniques over categorical based or
demographic data, one can achieve this task using link clustering techniques. To make the network secure one
can maintain the PCI solution conceptual architecture explained in the above figure 01.
In future, we are planning to explore this categorical based data clustering techniques with their algorithms or
some transaction based data into this algorithm. Till now, we have primarily taken care of payment card
industry data for retail store.
References:
[1] Mrunalini, M.; Kumar, T.V.S.; Kainth, K.R. (2009). 'Simulating secure data extraction in extraction
transforming loading (ETL)' ISBN: 978-1-4244-5345-0 IEEE-Computer Modelling and Simulation, 2009.
EMS'09. Third UKSim European Symposium
[2] Kourouthanassis, P.; Roussos, G. (2003). Pervasive Computing, IEEE. April-June 2003. 'Developing
consumer friendly pervasive retail system' ISSN: 1563-1268
[3] Columbitech Mobile VPN Resolves Issues with WLAN Security and PCI Compliance in Retail: Mobile
VPN provides data security for retail.mht
[4] F. Giannotti, G.Gozzi, G.Manco. Clustering transactional data. In: Proc of PKDD'02, pp. 175-202, 2002
[5] Julie, J.C.H. Ryan; IEEE transactions on Computers vol. 53, no. 8, pp. 1060-1063, August 2004, doi:
10.1109/TC.2004.25
[6] Aarts, E., Harwig, R., Schuurmans, M. (2002). Ambient Intelligence. In: P. J. Denning (Ed.): The Invisible
Future - The Seamless Integration of Technology in Everyday Life. McGraw-Hill, pp. 235 250.
[7] Strassner, M., Schoch, T. (2002). Today's Impact of Ubiquitous Computing on Business Processes. In: F.
Mattern, M. Naghshineh (Eds.): Short Paper Proceedings of the First International Conference on Pervasive
Computing (Pervasive'02), Zürich, Switzerland, August 26-28, 2002, pp. 62 74.
[8] Schoch, T., Strassner, M. (2002). Today's Impact of Ubiquitous Computing on Business Processes. In: Short
Paper Proceedings of the First International Conference on Pervasive Computing (Pervasive'02), Zürich,
Switzerland, pp. 62 74.
[9] Siegele, L. (2002). How About Now? A Survey of the Real-Time Economy. In: The Economist, January 31,
2002. [69] Reda, S. (2004). Prada's Pitfall: Chic Technology Stumbles. In: Stores, 05/2004. Available at:
http://www.stores.org/archives/ 2004/05/cover.asp, last accessed January 8, 2007.
[10] Identec Solutions (2000). Volkswagen Autostadt: Identec Solutions Customer Success Story. Available at:
http://www.identecsolutions. com/pdf/success_story_volkswagen.pdf, last accessed January 8, 2007.
[11] Hollinger, R. C., Davis, J. L. (2001). 2001 National Retail Security Survey - Final Report. University of
California, USA. [31] Gilder, G. (1997). Fiber Keeps Its Promise. In: Forbes ASAP, April 7, 1997. Available at:
http://www.seas.upenn.edu/~gaj1/promise.html, last accessed January 26, 2007.
[12] GMA - Grocery Manufactures of America (2002). Full-Shelf Satisfaction - Reducing Out-of-Stocks in the
Grocery Channel. In: R. B. Goldberg (1993): The Cellular Phone Controversy: Real or Contrived? EMF
Health Report, Vol. 1, No. 1.
[13] Barnes, S. J., Huff, S. L. (2003). Rising Sun: iMode and The Wireless Internet. In: Communications of the
ACM, Vol. 46, No. 11, pp. 78 84. [35] Hodges, S., McFarlane, D. (2005). Radio Frequency Identification:
Technology, Applications and Impact. Auto-ID Labs White Paper, Auto - ID Lab, Cambridge University, UK.
Available at: http://www.autoidlabs.org/uploads/media/autoidlabs-wp-hardware- 016.pdf, last accessed
January 9, 2007.
[14] Bharadwaj, S., Gruen, T. W., Corsten, D. S. (2002). Retail Out of Stocks - A Worldwide Examination of
SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

69

Analysis of Data Extraction and Security problems during Data Transfer in Retail Stores

Extent, Causes, and Consumer Responses. Grocery Manufactotures of America, Food Institute and CIES - The
Food Business Forum.
[15] Rakesh Aggarwal, Jerry Kier nan, Ramakrishna Srikanth, Yirong Xu, Hippocratic databases, Proceedings
of the 28th International Conference on very large databases, p.143-154, August 20-23, 2002. Hong Kong,
China: http://portal.acm.org/citation.cfm
[16] P. Samarati, Protecting respondent's identities in microdata release, IEEE Transactions on Knowledge and
Data Engineering, v.13 n.6, p.1010-1027, November 2001 doi: 10.1142/S02218488502001648
[17] Z.Huang, M.K.Ng. A fuzzy k-modes algorithm for clustering categorical data. IEEE transaction on fuzzy
systems, 1999, 7(4): 446-452
[18] M.K.Ng, J.C.Wong. Clustering categorical data sets using tabu search techniques. Pattern Recognition,
2002, 35(12): 2783-27990
[19] S.Guha, R.Rastogi, K.Shim. ROCK: A robust clustering algorithm for categorical attributes. In Proc of
KDD'99, pp. 73-83, 1999
[20] C.H.Yun, K.T.Chuang, M.S.Chen. an efficient clustering algorithm for market basket data based on small
large ratios: In Proc of COMPSAC'01, pp. 505-510, 2001
[21] Use of Data Extraction & Analysis Software in a Financial Statement Audit: www.billallen.com
About the authors
Nitin Bansal is department in-charge for Surya School of Computer Applications. He is in academics from the
last 7 years and teaching students of MCA. He has written various papers on Data extraction and security
procedures, data mining during telecommunications and attended various seminars and conferences. He has
also authored 4 books on Internet programming and Java for various universities. He has an experience of
industry as well.
Manish Khanna is a senior engineer with Mott Macdonalds in Abu Dhabi, UAE for one and half year. Earlier
he was with Electronics India Limited (EIL), New Delhi. He has a rich experience of industry and is a product
of Thapar Engineering College. He did his B.Tech (Instrumentation) from Thapar Engineering College, Patiala
in 2000.
Deepti Tara is a lecturer with Surya School of Computer Applications, Rajpura. She is pursuing her PhD from
M.M.Maulana University, Ambala. She is in academics for the last 5 years and has written several papers on
data mining techniques and ethical issues during data extraction procedures.

70

SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

The Future of Coal and Global Warming
Rajesh Kumar
Assistant Professor (MED),
RIEIT, Railmajra

Dr. B. Lonia
Professor (Director) SGGOI,
Rakhra,Patiala

Abstract
To ensure widespread adoption of CCS systems, the paper recommends that Congress mandate a power
emission performance standard that effectively requires all new coal plants to control emissions to the level
achievable by CCS systems. This standard would be implemented in conjunction with an emissions cap-andtrade system for existing power plants. The standard would apply to all new plants for which construction is
commenced after a date certain (say 2008), although flexibility would be allowed in the timing for CCS
implementation so that the power industry can gain more experience with capture and sequestration
technologies. Bold action by the U.S. Congress to put in place an emission performance standard for new coalfired power plants would demonstrate leadership in addressing climate change and build a technological and
regulatory foundation those countries such as China and India could emulate as they attempt to tackle the risk
of global warming without stifling economic growth. An emission performance standard that requires CCS
systems for all new coal plants would pose a daunting technological and economic challenge. Yet achieving
this goal would ultimately assure coal a secure and important role in the future U.S. energy mix by establishing
a clear technological path forward for coal in a carbon constrained world.
Introduction
Ever-rising industrial and consumer demand for more power in tandem with cheap and abundant coal reserves
across the globe are expected to result in the construction of new coal-fired power plants producing 1,400
gigawatts of electricity by 2030, according to the International Energy Agency. In the absence of emission
controls, these new plants will increase worldwide annual emissions of carbon dioxide by approximately 7.6
billion metric tons by 2030. These emissions would equal roughly 50 percent of all fossil fuel emissions over
the past 250 years.
In the United States alone, about 145 gigawatts of new power from coal-fired plants are projected to be built by
2030, resulting in CO2 emissions of 790 million metric tons per year in the absence of emission controls. By
comparison, annual U.S. emissions of CO2 from all sources in 2005 were about 6 billion metric tons.
Policymakers and scientists now recognize that the current growth of greenhouse gas emissions must be
reversed and that emissions must be reduced substantially in order to combat the risk of climate change. Yet a
dramatic increase in coal-fired power generation threatens to overwhelm all other efforts to lower emissions
and virtually guarantees that these emissions will continue to climb. This would preclude any possibility of
stabilizing greenhouse gas concentrations in the atmosphere at levels that would acceptably moderate the
predicted rise in global temperatures.
In India, China and other developing countries experiencing strong economic growth, demand for power is
surging dramatically, with low-cost coal the fuel of choice for new power plants. Emissions in these countries
are now rising faster than in developed economies in North America and Europe: China will soon overtake the
United States as the world's number one greenhouse gas emitter. With the power sector expanding rapidly,
China and India will fall further behind in controlling greenhouse gas emissions unless new coal plants adopt
emission controls. Lack of progress in these countries would doom to failure global efforts to combat global
warming.

SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

71

The Future of Coal and Global Warming

The Promise of Carbon Capture and Storage
Fortunately, there is a potential pathway that would allow continued use of coal as an energy source without
magnifying the risk of global warming. Technology currently exists to capture CO2 emissions from coal-fired
plants before they are released into the environment and to sequester that CO2 in underground geologic
formations. Energy companies boast extensive experience sequestering CO2 by injecting it into oil fields to
enhance oil recovery. Although additional testing is needed, experts are optimistic this practice can be
replicated in saline aquifers and other geologic formations that are likely to constitute the main storage
reservoirs for CO2 emitted from power plants.
However, these so-called carbon capture and storage, or CCS systems, require modifications to existing power
plant technologies. Today the prevailing coal-based generation technology in the United States is pulverized
coal, with high-temperature (supercritical and ultrasupercritical) designs available to improve efficiency. It is
possible to capture CO2 emissions at these pulverized coal units, but the CO2 capture technology currently has
performance and cost drawbacks.
But there's a new coal-based power generation technology, Integrated Gasification Combined Cycle, or IGCC,
which allows CCS systems in new plants to more efficiently capture and store CO2 because the CO2 can be
removed before combustion. Motivated by this advantage, some power plant developers have announced plans
to use IGCC technology but very few have committed to installing and operating CCS systems.
ge is ensuring that widespread deployment of CCS systems at new IGCC and pulverized coal plants occurs on a
timely basis. Despite growing recognition of the promise of carbon capture and storage, we are so far failing in
that effort. The consequences of delay will be far-reachinga new generation of coal plants could well be built
without CO2 emission controls.
Barriers to the Adoption of Carbon Capture and Storage Systems
Industry experts today are projecting that only a small percentage of new coal-fired plants built during the next
25 years will use IGCC technology. IGCC plants currently cost about 20 percent to 25 percent more to build
than conventional state-of- the-art coal plants using supercritical pulverized coal, or SCPC, technology. What's
more, because experience with IGCC technology is limited, IGCC plants are still perceived to have reliability
and efficiency drawbacks.
More importantly, IGCC plants are not likely to capture and sequester their CO2 emissions in the current
regulatory environment since add-on capture technology will reduce efficiency and lower electricity output.
This will increase the cost of producing electricity by 25 percent to 40 percent over plants without CCS
capability.
These barriers can be partially overcome by tax credits and other financial incentives and by performance
guarantees from IGCC technology vendors. Even with these measures, however, it is unlikely that IGCC plants
will replace conventional coal plants in large numbers or that those plants which are built will capture and store
CO2. There are two reasons for this.
First, even cost-competitive new technologies are usually not adopted rapidly, particularly in a conservative
industry such as the utility sector, where the new technology is different from the conventional technology. This
is the case with IGCC plants, which are indeed more like chemical plants than traditional coal-fired plants.
Second, there is now no business motivation to bear the cost of CCS systems when selecting new generation
technologies even though the cost of electricity from IGCC plants is in fact lower than from SCPC plants once
CCS costs are taken into account. This is because plant owners are not required to control greenhouse gas
emissions and CCS systems are unnecessary for the production of power. The upshot: IGCC units (with and
even without CCS capability) will lack a competitive edge over SCPC units unless all plant developers are
responsible for costeffectively abating their CO2 emissions. No such requirement exists today.
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A New Policy Framework to Stimulate the Adoption of CCS Systems
This paper considers how best to change the economic calculus of power plant developers so they internalize
CCS costs when selecting new generation technologies. Five policy tools are analyzed:
 Establishing a greenhouse gas cap-and-trade program
 Imposing carbon taxes
 Defining CCS systems as a so-called Best Available Control Technology for new power plants under the
Clean Air Act's New Source Review program
 Developing a “low carbon portfolio” standard that requires utilities to provide an increasing proportion of
power from low-carbon generation sources over time
 Requiring all new coal power plants to meet an “emission performance” standard that limits CO2 emissions
to levels achievable with CCS systems.
Each of these tools has advantages and drawbacks but an emission performance standard for new power plants
is likely to be most effective in spurring broad-scale adoption of CCS systems.
In the current U.S. political environment, a cap-and-trade system is unlikely to result in a sufficiently high
market price for CO2 (around $30 per ton) in the early years of a carbon control regime to assure that all coal
plant developers adopt CCS systems. At lower carbon prices, plant developers could well conclude that it is
more economical to build uncontrolled SCPC plants and then purchase credits to offset their emissions. A
carbon tax that is not set at a sufficiently high level likely would have the same consequences.
A low carbon portfolio standard would be complex and difficult to implement because of the wide variations in
generation mix between different regions. Moreover, unless the standard sets stringent targets for low carbon
generation, it would not preclude construction of uncontrolled coal plants.
Although the recent Supreme Court decision defining CO2 as a “pollutant” has opened the door to controlling
new power plant emissions under the New Source Review program, legal uncertainties may prevent the
Environmental Protection Agency from defining CCS systems as the Best Available Control Technology under
current law. Individual states could also reject CCS systems during permitting reviews. Moreover, the New
Source Review program would not allow flexible compliance schedules for installing and operating CCS
systems, nor would it provide financial incentives to offset the increased cost of electricity.
How Emission Performance Standards for New Coal Plants Would Work.
In contrast to other approaches, an emission performance standard that limits new plant emissions to levels
achievable with CCS systems would provide certainty that new coal plants in fact capture and store Co2.
To provide a clear market signal to plant developers, this standard would apply to all new plants built after a date
certain, although some flexibility would be allowed in the timing of CCS installation so that the power
generation industry can gain more experience with various types of capture technology and underground CO2
storage. For example, all plants that begin construction after 2008 could be subject to the standard and would be
required to implement carbon capture technology by 2013, and then to meet all sequestration requirements by
2016.
To provide additional flexibility while CCS technology is being perfected, plant developers during the first
three years in which the new performance standard is in effect could have the option to construct traditional coal
plants that do not capture and sequester CO2 if they offset on a one-to-one basis their CO2 emissions by taking
one or more of the following steps:
 Improving efficiencies and lowering CO2 emissions at existing plants
 Retiring existing coal or natural gas units that generate CO2 emissions
 Constructing previously unplanned renewable fuel power plants representing up to 25 percent of the
generation capacity of the new coal plant.
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In 2011, this alternate compliance option would sunset and all new plants subsequently entering construction
would need to capture and sequester their emissions.
An emission performance standard for new coal plants should be accompanied by a cap-and-trade program for
existing power plants, with the cap starting at 100 percent of emissions and progressively declining over time. A
declining cap would encourage greater efficiencies in operating existing plants and incentives the retirement of
higher emitting existing plants. This would assure that an emission performance standard for new plants does
not simply prolong the useful life of older plants. In addition, as the cap declines, retrofitting existing plants
with CCS systems could become a viable option.
Mitigating Electricity Price Hikes
If legislation requiring an emission performance standard for new coal plants is enacted, then Congress should
simultaneously take steps to offset the additional costs of installing CCS systems and provide relief from
electricity price increases. This would prevent disproportionate costs from falling upon consumers who live in
regions heavily dependent on coal for power generation. By reducing the financial risks and uncertainties of
building power plants with CCS systems, it would also encourage investments in such plants by developers and
their financial backers.
One approach would be to create a fund to “credit” utilities for all or part of the price increase that consumers
would otherwise bear if they receive power from plants with CCS systems. Alternatively, financial incentives
could be offered to plant developers which, in combination, offset a significant portion of the incremental costs
of installing a CCS system as opposed to operating a coal-fired plant that does not control CO2 emissions. This
new incentive program would replace current incentive programs for IGCC plants and other coal technologies
that do not include CCS systems.
Assuming that government incentives cover 10 percent to 20 percent of total plant construction costs and that
they apply to the first 80 gigawatts of new coal capacity with CCS systems built by 2030, these incentives could
cost in the range of $36 billion over 18 years. Although $36 billion is a large sum, it is only a fraction of the
$1.61 trillion that the International Energy Agency predicts will be invested in new power plants in the United
States between now and 2030.
Building a Technical and Regulatory Foundation for CCS Systems.
Once the nation commits to a rapid timetable for requiring CCS systems at all new coal plants under an
emission performance standard, then all of our regulatory and research and development efforts should be
focused on implementing CCS technology as effectively as possible. This would require:

An enhanced R&D program for capture technologies at both SCPC and IGCC facilities to reduce the
costs of capture as quickly as possible

An accelerated program to gain largescale experience with sequestration for a range of geologic
formations

A comprehensive national inventory of potential storage reservoirs

A new regulatory framework for evaluating, permitting, monitoring, and remediating sequestration
sites and allocating liability for long-term CO2 storage.
Maintaining the Viability of Coal in a Carbon-Constrained World
Although an emission performance standard that requires CCS systems for all new coal plants would pose a
daunting technological and economic challenge, it will ultimately assure coal a secure and important role in the
future U.S. energy mix. Such a standard would establish a clear technological path forward for coal, preserving
its viability in a carbon-constrained world and giving the utility industry confidence to invest substantial sums
in new coal-fired power generation. In contrast, continued public opposition and legal uncertainties may cause
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investors to withhold financing for new coal plants, placing the future of coal in jeopardy.
If the United States is successful in maintaining the viability of coal as a cost-competitive power source while
addressing climate concerns, our leadership position would enable U.S. industries to capture critical export
opportunities to the very nations facing the largest challenges from global warming. Once our domestic
marketplace adopts CCS systems as power industry standards, the opportunities to export this best-of-breed
technology will grow exponentially.
This will be critical to combating the massive rise of coal-derived greenhouse gas emissions in the developing
world. Boosting exports while also helping India, China and other developing nations reduce emissions and
sustain economic growth would be a win-win-win for our economy, their economies, and the global climate.
Conclusion
One of the biggest challenges in addressing the risk of global warming is the potential for a dramatic increase in
greenhouse gas emissions as a result of the construction of a new generation of coal-fired power plants. This
challenge exists both in the United States, where abundant coal reserves are creating heightened interest in the
construction of new coal plants, and in developing countries such as China and India, where demand for energy
is growing at a rapid pace and coal-fired generation holds the most potential for meeting these increasing
energy needs.
Fortunately, there is a potential pathway that would allow continued use of coal as an energy source without
magnifying the risk of global warming. Technology currently exists to capture CO2 emissions from coal-fired
plants before they are released into the environment. And experts are confident that the captured CO2 can be
safely stored in underground geologic formations.
The great challenge, however, is ensuring that the widespread deployment of this technology happens on a
timely basis. So far we are failing in that effort. This paper has considered policy options that would
significantly increase the likelihood that all new coal plants are equipped with CCS systems.
To ensure widespread adoption of CCS systems, the paper recommends that Congress mandate a power
emission performance standard that effectively requires all new coal plants to control emissions to the level
achievable by CCS systems. This standard would be implemented in conjunction with an emissions cap-andtrade system for existing power plants. The standard would apply to all new plants for which construction is
commenced after a date certain (say 2008), although flexibility would be allowed in the timing for CCS
implementation so that the power industry can gain more experience with capture and sequestration
technologies. Bold action by the U.S. Congress to put in place an emission performance standard for new coalfired power plants would demonstrate leadership in addressing climate change and build a technological and
regulatory foundation those countries such as China and India could emulate as they attempt to tackle the risk of
global warming without stifling economic growth. An emission performance standard that requires CCS
systems for all new coal plants would pose a daunting technological and economic challenge. Yet achieving this
goal would ultimately assure coal a secure and important role in the future U.S. energy mix by establishing a
clear technological path forward for coal in a carbon constrained world.
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Reduction of Error for Load Forecasting using Fuzzy Programming and OFDM
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Abstract
Today, it is very important for developed and developing countries to consume electricity more efficiently.
Though developed countries do not want to waste electricity and developing countries cannot waste electricity.
This leads to the concept Load Forecasting. This paper is written for the short term load forecasting on daily
basis, hourly or half hourly basis or real time load forecasting. But as we move from daily to hourly basis of
load forecasting the error of load forecasting increases. The analysis of this paper is done on previous year's
load data records of an Engineering College in India using the concept of fuzzy methods. The analysis has been
done on Mamdani type membership functions and OFDM (Orthogonal Frequency Division Multiplexing)
transmission scheme. To reduce the error of load forecasting Fuzzy method has been used with Artificial
Network (ANN) and OFDM transmission is used to get data from outer world and send outputs to outer world
accurately and quickly. The error has been reduced to a considerable level in the range of 2-3%. For further
reducing the error Orthogonal Frequency Division Multiplexing (OFDM) can be used with Reed-Solomon
(RS) encoding. Further studies are going on with Fuzzy Regression methods to reduce the error more.
Index TermsART neural network, OFDM, Fuzzy logic, Load forecasting.
Introduction
ORECASTING for future load demand requirement is the most important key for power system planning. The
capacities of the generation, transmission and distribution capacities are strictly dependant on the accurate
energy and load forecasting for that system [1]. For transmission of data from outer world to load forecasting
model and sending outputs from this model to outer world accurately OFDM transmission can be used due to its
less bit error rate [2]. The Energy Management System (EMS), demands accurate load forecasting and Short
Term Load Forecasting (STLF) gives better and accurate results [2], [3]. The short term load forecasting is
especially significant for Economic load dispatch, load management scheduling, and Optimum power flow
with minimum transmission loss, fuel management and contingency planning [3], [4]. The sources are limited
and the costs for those are very high. Moreover, the advancements are going on in Electrical and Electronics
technology, computer and control technology, which have lead to a reasonable cause for the further
development of techniques for load prediction for system operation. Load forecasting techniques can be
divided into three categories: Short term Forecasting as hourly, daily or weekly forecasting; Mid- Range
Forecasting Extends from a month to one year; and Long term Forecasting ranging from one year to ten years
[5]. All these type of forecasting methods are useful for different types of systems and defines the size of the
system.
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The method that has been stressed upon is Short term load forecasting. A number of methods and techniques
have already been devised for prediction of load such Artificial Neural Networks (ANN), Fuzzy Logic,
Regression Methods etc. Neural Networks are having the properties of slow convergence time and poor ability
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to process a large number of variables at a time. Though, on other side, Fuzzy logic gives a platform to represent
and process data in linguistic terms, which makes the systems easily readable, understandable and operate able
[6], [8]. This is why; the Fuzzy Logic has been used to deal with the input parameters information after detailed
analysis of data and knowledge-base (IF-THEN rules).
In fact, the load demand heavily depends on number of factors such as weather, day type, season etc. These
factors actually decide the load to be forecasted depending on the conditions of these parameters on that day.
The weather and seasons are factors which possess the non linear behavior with the load. One of the other
important factors is day type. Day type generally means working day, week end or a special day. It is important
to extract a relation between electric load and the parameters affecting it. As accurate the parameters (weather,
season or day type) are judged, accurate will be the load forecasted for the day. For accuracy OFDM and UWB
systems can be used for calculating parameters.
II. The Work
In this study, a short term load forecasting method using fuzzy logic has been developed and a proposal to the
advancement of the study with the use of artificial neural network (ANN) in different ways has been put up. A
part of complete and generalized software using Fuzzy Logic has been tried to put into existence to forecast
electrical load for domestic as well as commercial areas such as industries, institute or residential colonies etc.
The system input parameters are Day's minimum temperature, Day's maximum temperature, season, day
capacity, rain, daylight intensity (Cloudy). Day's minimum temperature is a temperature when working hours
start. All these parameters are put as input to fuzzy system and the inputs are first of all scaled in the required
value limits and fuzzified. Previous data (historical data or heuristic knowledge) which has already been stored
in data base is used for inference. Rule base is designed to follow the heuristic knowledge according to the
membership functions of various inputs. As in Fig. 1, Degree of Membership for different input parameters is
found out in the range [0-1] and then defuzzified to get the crisp output which is then de-scaled to the required
units and range [9], [11].

Fig. 1. Flow and Processing of data through Fuzzy Inference System.
III. Historical Data and Key Factors
A good quality of historical data for input parameters for the last few years has been stored in data base
management system (DBMS) for accurate load forecasting [6]. Short term load forecasting mainly depends on
the following conditions:
— Day capacity
— Weather conditions
— Day temperature
Though the day capacity can be defined as working day or non working day (weekend or holiday). But as per
this study weekend and holiday are put in the same category when no work or negligible work is done. One
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more category as special day has been considered. This is the category when work is done after regular 8
working hours of the day (means if work is done for 9 Hrs. in a day shows one complete regular day and 1 Hr. of
special day) or 9 Hrs. of special day depending on the type of work.
Overall working in an institute can be divided into two parts-Class (Theory and Tutorials) and Practical Labs
and workshops. The day capacity is very much dependant on two factors:
— The type of work (either Theory or Practical)
— Day Elongation
So day capacity can be calculated as

DC   T i  D
i

1

Where DC is Day Capacity, Ti is Evaluation Factor for the type of work and D is Elongation of the day in eqn.
(1).
Two main factors have been defined to decide weather conditions Cloudy and/or Rainy weather. Cloudy
weather gives an important effect of the day light intensity means more the clouds, lesser will be the day light
intensity, more will be the consumption of electricity. These factors some how are related to days minimum
temperature and days maximum temperature.
Actually, there can be a comparison between two working days with similar day capacity but different weather
conditions; load consumed on both the days will be different. This can also happen that for two days, one is
working and other is non working with different weather conditions, the load consumed is same [7], [12].
IV. Load Forecasting
A. Fuzzification
Fuzzy linguistic variables are used to represent various inputs as well as output parameters as the member of
fuzzy sets. In order to express the fuzziness of information, this paper makes an arrangement of fuzzy subsets
for different inputs and outputs in complete universe of discourse as membership functions [10], [13]. The
relationship between several inputs and output may be non linear but linear membership functions have been
used for simplicity and only the membership function for seasons is taken as ridge-shaped membership
function such as gbell mf, gauss mf, and gauss2mf.
The Day's Minimum Temperature and Maximum Temperature are represented as fuzzy subset [Very Low
(VL), Low (L), Medium (M), High (H), Very High (VH)].
The linguistic variables of Day Capacity as [Minimum (min), Very Low (VL), Low (L), Medium (M), High
(H), Very High (VH), Maximum (max)].
The fuzzy subset for day capacity is [Very Low (VL), Low (L), Normal (N), High (H), Very High (VH)].
The Season's fuzzy subset is given with the names of season as [Spring, Summer, Autumn, Winter].
The rain forecast has been given by fuzzy subset [No Rain, Drizzling, Normal Rain, Heavy Rain].
Similarly, the output factor load also has been assigned as fuzzy subset with membership functions [Minimum
(min), very low (VL), Low (L), medium (M), High (H), Very High (VH), Maximum (max)].
B.
Fuzzy Rule Base
This is the part of fuzzy system where heuristic knowledge is stored in terms of “IF-THEN Type” Rules. The
rule base is used to send information to fuzzy inference system (FIS) to process through inference mechanism
to numerically evaluate the information embedded in the fuzzy rule base to get the output. The rules are like:
IF (MinTemp is M) and (MaxTemp is L) and (Day Light-Intensity (Clouds) is VH) and (Season (Day Number)
is SUMMER) and (Rain is NORMAL) THEN (Output Load is H).
SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

79

Reduction of Error for Load Forecasting using Fuzzy Programming and OFDM Transmission

IF (Min Temp is H) and (Max Temp is H) and (Day Light-Intensity (Clouds) is L) and (Season (Day Number) is
AUTUMN) and (Rain is DRIZZLING) THEN (Output Load is H).
IF (Min Temp is VL) and (Max Temp is VL) and (Day Light-Intensity (Clouds) is H) and (Season (Day
Number) is WINTER) and (Rain is NO_RAIN) THEN (Output Load is MAX).
IF (Min Temp is H) and (Max Temp is H) and (Day Light-Intensity (Clouds) is L) and (Season (Day Number) is
SPRING) and (Rain is NO_RAIN) THEN (Output Load is M).
IF (Day Type (Day Capacity) is MIN) and (Season (Day Number) is SUMMER) THEN (Output Load is MIN).
V. Results
Table 1 shows the actual load, forecasted load and also the % error in the forecasted load for the data processed
and calculated. The % error of this study is calculated as
AL  FL
% Error 

2

 100
AL

where AL is Actual load and FL is Forecasted load.
The forecasted load compared with the actual load gives the maximum percentage error 4.04814% and
minimum percentage error calculated is -0.38425%.
The important factors for error are 'inputs from outer world' and 'output to outer world'. Because if the
transmission of data from outer world to fuzzy system is not accurate the error rate of the system increases and
the output data also comes with so9me error. So for transmission of data from outer world to fuzzy system
OFDM can be used as a transmission scheme. Because OFDM system can handle number of users at same time
with very less Bit Error Rate (BER) as shown below:

Fig. 2. BER Plot of OFDM System with RS Encoding and QPSK Modulation Scheme.
So at overall the OFDM system minimize the BER to 0.00436% and it effects the overall load forecasting of a
region. The forecasted load for the month of October has been shown for the reason that this is the mid time of a
working session in an engineering college in India. Moreover, the change of season also takes place in this
duration.
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Fig. 3. Comparison of Actual Load (-) and Forecasted Load.
Both the results have been compared graphically, as in Fig. 3, showing the minute variations in the actual and
forecasted loads for the same session given in Table 1.
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Abstract
Wireless Sensor Networks (WSN) have been noticed and researched nowadays. These new type of networks
have unique characteristics. WSNs have different limitations such as computational power, storage capacity,
energy source and etc. The main constraint of wireless sensor networks is energy. The energy source of sensor
nodes is limited and not rechargeable. Therefore, optimizing consumption of energy is essential for WSNs
protocols. In recent years, many approaches and techniques have been explored for the optimization of energy
usage in wireless sensor networks. Routing is one of these areas in which attempts for efficient utilization of
energy have been made. These attempts use fixed (crisp) metrics for making energy-aware routing decisions. In
this paper, we present a generalized fuzzy logic based approach for energy-aware routing in wireless sensor
networks. This generalized approach is soft and tunable and hence it can accommodate sensor networks
comprising of different types of sensor nodes having different energy metrics.
Keywords - Wireless sensor networks, fuzzy logic, energy efficiency, Routing, channel aware.

Introduction
WSNs are distributed systems usually consisting of small and energy constrained sensor nodes. They have
recently become increasingly deployed for both military and civil applications such as threat identification,
environmental control, habitat monitoring and patient care [1]. Each node is capable of sensing the data from
their environment in a variety of modalities perform simple computations and transmit this wirelessly, often
through multiple hops towards a command centre or gateway. Nodes however have a limited sensing,
computing and wireless communication capability, which is dictated by their energy levels. Once deployed
within their environment nodes are left unattended to self-configure and are expected to operate for long
periods of time. In hostile environments manual replacement of nodes is unfeasible. Energy therefore becomes
a scarce resource in a WSN and hence its efficient usage is crucial for extending the operational life of the
overall sensor network. Sensor node energy is mainly consumed in three main activities: sensing, computation
and communicating, with communication being the most expensive activity. Various approaches for
optimizing the energy usage in wireless sensor networks have been proposed [2, 7, 11]. These include physicallevel design decisions such as modulation scaling, voltage scaling etc. to energy aware routing and energyaware MAC protocols [18, 12,14]. The energy consumption can be reduced by allowing only some nodes to
communicate with the base station. These nodes called cluster-heads. It collects the data sent by each node in
that cluster compressing it and then transmitting the aggregated data to the base station [1]. In this paper, we
present a fuzzy model for energy aware routing in wireless sensor networks. Existing proposed routing
protocols for WSNs use fixed (crisp) metrics for making energy-aware routing decisions [1,24]. This has the
disadvantage of not being easily adaptive to changes in sensor types because energy metrics vary widely with
the type of sensor node implementation platform [15]. Moreover, some of the factors for calculating routing
metric are conflicting. For example, short multiple-hops reduces transmission power but results in greater
number of hops thereby reducing the energy of a larger number of nodes involved in relaying. Fuzzy logic, on
the other hand, has potential for dealing with conflicting situations and imprecision in data using heuristic
human reasoning without needing complex mathematical modeling. The potential of fuzzy logic is being fully
explored in the fields of signal processing, speech recognition, aerospace, robotics, embedded controllers,
networking, business and marketing [6]. In this work, we present a soft, tunable parameter based approach to
SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

83

Optimization of Energy for the improvement of QoS in Wireless Sensor Network

energy optimized routing using fuzzy variables and rule base. This results in soft accommodating way of
routing in WSNs capable of handling a wide range of energy metrics of different sensor implementation
platform. We have assumed a cluster-based architecture for WSN, where a group of nodes is managed by a
gateway. Various criteria for cluster-formulation have been proposed but in this paper our focus is on routing
within a cluster. The gateway is responsible for the management of nodes in its cluster, communicating with
other gateways, processing of data received from sensor nodes and transmitting the processed data to the
command center. We have assumed that the gateway is much powerful as compared to sensor nodes and has no
energy limitation. Moreover, the routing is centralized. All sensor nodes have one destination namely the
gateway, reachable via various routes through multiple-hops over sensor nodes.
2. Related Work
A typical WSN architecture is shown in Figure 1.The nodes send data to the respective cluster-heads, which in
turn compresses the aggregated data and transmits it to the base station.
For a WSN we make the following assumptions:
— The base station is located far from the sensor nodes and is immobile.
— All nodes in the network are homogeneous and energy constrained.
— Symmetric propagation channel.
— Base station performs the cluster-head election.
— Nodes have location information that they send to the base station with respective energy levels during set up
phase.
— Nodes have little or no mobility.

Fig 1. WSN Architecture
Many proposals have been made to select cluster heads. In the case of LEACH [1], to become a cluster head,
each node n chooses a random number between 0 and 1. If the number is less than the threshold T(n), the node
becomes the cluster-head for the current round. The Threshold is set at:
T(n) =
T(n) =

P

1-P x (cr.mod

0

1
p

if n E G

otherwise

(1)

Where, P is the cluster-head probability, r the number of the current round and G the set of nodes that have not
been cluster-heads in the last 1/P rounds. Several disadvantages are there for selecting the cluster-head using
only the local information in the nodes. Firstly, since each node probabilistically decides whether or not to
become the cluster-head, there might be cases when two cluster-heads are selected in close vicinity of each
other increasing the overall energy depleted in the network. Secondly, the number of cluster-head nodes
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generated is not fixed so in some rounds it may be more or less than the preferred value. Thirdly, the node
selected can be located near the edges of the network; wherein the other nodes will expend more energy to
transmit data to that cluster-head. Fourthly, each node has to calculate the threshold and generate the random
numbers in each round, consuming CPU cycles. LEACH-C [2] uses a centralized algorithm and provides
another approach to form clusters as well as selecting the cluster-heads using the simulated annealing
technique. Among the various approaches that have been proposed in literature for minimizing the energy
usage in wireless sensor networks, energy-aware routing attempts to extend the life of a WSN at network layer.
Energy-efficient routes can be computed using either the minimum energy path, maximum residual energy
path, path with minimum number of hops to sink etc. [2]. Chang et al [4] have argued that always selecting the
route with minimum energy will quickly deplete the energy of sensor nodes on the minimum energy path,
thereby decreasing the life of WSN. Younis et al. [13] have presented an energy aware routing protocol that
keeps a set of minimal energy paths and randomly selects one of these sub-optimal paths, thereby significantly
increasing the network lifetime. In [4], the problem of maximizing network lifetime by energy aware routing
has been formulated as integer programming problem, whereas in [11] convex nonlinear optimization
techniques have been used. Jain et al [9] have presented an energy-aware multi-path routing approach that
attempts to spread the traffic over the nodes lying on different possible paths connecting the source to the sink,
in proportion to their residual energy. In [24], an energy-aware routing algorithm for cluster-based wireless
sensor networks have been proposed in which a cost function is defined between two sensor nodes in terms of
energy conservation, delay optimization and other performance metrics. The above approaches make use of
fixed (crisp) metrics and mathematical modeling for finding energy-aware routing metrics. In this paper, we
present a novel approach for calculating the cost of conservation, delay optimization and other performance
metrics. The above approaches make use of fixed (crisp) metrics and mathematical modeling for finding
energy-aware routing metrics. In this paper, we present a novel approach for calculating the cost of link
between any two sensors nodes, using fuzzy logic. Fuzzy logic has been successfully applied in various areas
including communications and has shown promising results [6]. However, the potentials of fuzzy logic in
wireless sensor networks still need to be explored. Optimization of wireless sensor networks involve various
tradeoffs, for example, lower transmission power vs. longer transmission duration, multi-hop vs. direct
communication, computation vs. communication etc. Fuzzy logic is well suited for applications having
conflicting requirements.
Moreover, in WSN, as the energy metrics vary widely with the type of sensor node implementation platform,
using fuzzy logic has the advantage of being easily adaptable to such changes. We, therefore, present our fuzzy
logic based approach for energy-optimized routing in WSNs and compare our solution with conventional crisp
approaches.
3. System Model
Cluster-based routing has been shown to be quite effective in wireless sensor networks [8]. The main advantage
of using this approach is that as the data gathered by sensors in the close vicinity is usually redundant, the
gateway can perform the task of data aggregation before sending it to the remote command node (sink).
Moreover, as WSN is usually formed for a specific application, gateways can be chosen to be much powerful as
compared to the sensor nodes. This relieves the energy-constrained sensor nodes of communicating directly
with the remote sink. In this paper, we have assumed a cluster-based architecture for WSN, where a group of
nodes is managed by a gateway. The gateway can communicate directly with all the sensor nodes and can
retrieve their status. All sensor nodes have one destination namely the gateway to which they send their sensed
data. Sensors can communicate directly with the gateway but this will be very costly for those sensor nodes
which are not close to the gateway. Therefore, the gateway is also reachable via various routes through
SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

85

Optimization of Energy for the improvement of QoS in Wireless Sensor Network

multiple-hops over sensor nodes in the network.
The gateway is responsible for setting up of routes for sensor nodes and for the maintenance of the centralized
routing table that indicates the next hop for each sensor node. Gateway periodically invokes the fuzzy routine to
determine the cost of link between any two sensor nodes. Once the costs of all possible links to the single
destination (gateway) are computed using fuzzy logic, the route can then be determined using any shortest path
algorithm. We have used Dijkstra's algorithm for our simulation. Routing table entries are periodically
refreshed to reflect the updated state of the network. We have further assumed that the gateway is much
powerful as compared to sensor nodes and has no energy limitation. In this paper, we have not considered the
issues of cluster formation, routing between gateways and energy optimization of gateways as our main focus is
on effective energy optimized routing within the cluster. We have used Heintzelman's energy model for
wireless sensor networks [7]. Energy required for transmitting a k-bit message to a distance d is given by:

(2)

ETx(k,d) =Eelec x k + Eamp x k x d2
Energy consumed in receiving a k-bit message is given by:
ERx(k)= Eelec x k

(3)

where Eelec = 50nJ/bit and Eamp = 100pJ/bit/m2 energy consumed in sensing one bit has been taken to be
approximately equal to the energy dissipated in receiving one bit. Computation energy has been taken as the
random summation of energies spent in various computational algorithms as mentioned in [7].
4. Fuzzy Model
4.1. Overview of Fuzzy Logic
Fuzzy Logic [3] is used in this work as main implementation of perceptive reasoning. Fuzzy logic imitates the
logic of human thought, which is much less rigid than the calculations computers generally perform. Fuzzy
Logic offers several unique features that make it a particularly good alternative for many control problems. It is
inherently robust since it does not require precise, noise-free inputs and can be programmed to fail safely. The
output control is a smooth control function despite a wide range of input variations. Since the FL controller
processes user defined rules governing the target control system, it can be modified and tweaked easily to
improve or drastically alter system performance. Fuzzy Logic deals with the analysis of information by using
fuzzy sets, each of which may represent a linguistic term like “Warm”, “High” etc. Fuzzy sets are described by
the range of real values over which the set is mapped, called domain, and the membership function. A
membership function assigns a truth value between 0 and 1 to each point in the fuzzy set's domain. Depending
upon the shape of the membership function, various types of fuzzy sets can be used such as triangular, beta, PI,
Gaussian, sigmoid etc.
A Fuzzy system basically consists of four parts fuzzifier, inference engine, Knowledge base and defuzzifier
shown in fig 2. The fuzzifier maps each crisp input value to the corresponding fuzzy sets and thus assigns it a
truth value or degree of membership for each fuzzy set.
Knowledge Base
Fuzzifier

Inference
Engine

Defuzzifier

Fig 2 . Fuzzy Model
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The fuzzified values are processed by the inference engine, which consists of a rule base and various methods
for inferring the rules. The rule base is simply a series of IF-THEN rules that relate the input fuzzy variables
with the output fuzzy variables using linguistic variables, each of which is described by a fuzzy set, and fuzzy
implication operators AND, OR etc. The part of a fuzzy rule before THEN is called predicate or antecedent,
while the part following THEN is referred to as consequent. The combined truth of the predicate is determined
by implication rules such as MIN-MAX (Zadeh) and bounded arithmetic sums. All the rules in the rule-base are
processed in a parallel manner by the fuzzy inference engine. Any rule that fires contributes to the final fuzzy
solution space. The inference rules govern the manner in which the consequent fuzzy sets are copied to the final
fuzzy solution space. Example, techniques are MIN-MAX and fuzzy adaptive method. The defuzzifier
performs defuzzification on the fuzzy solution space. That is, it finds a single crisp output value from the
solution fuzzy space. Common defuzzification techniques are centroid, composite maximum, composite mass,
etc. Details of the theoretical and practical aspects of fuzzy logic can be found in [3, 12].

Fig. 3 Table 1 A General Fuzzy

4.2.2 Expert Knowledge Representation
The objective of our fuzzy routine is to determine the value of cost for a link between two sensor
nodes such that the life of a sensor network is maximized. The lifetime of wireless sensor networks is
generally defined as the time when the energy level of the first sensor node becomes zero. The fuzzy
rule base has been tuned so as to not only extend the life time of the sensor network but also to balance
the routing load among sensor nodes effectively so that a maximum number of nodes have sufficient
energy to continue performing their own sensing tasks. Figure 4 displays our fuzzy model. The input
fuzzy variables are: transmission energy, remaining energy, rate of energy consumption, queue size,
distance from gateway and weight. The rule base therefore consists of 2^4 x3^2 =144 rules. There is a
single output fuzzy variable, namely cost, the defuzzified value of which determines the cost of link
between two sensor nodes. Figure 4 gives details of the input fuzzy variables. In determining the cost
of link from node i to node j, “transmission energy” represents the energy needed to transmit a data
packet from node i to j. Lower value of transmission energy leads to lower link cost.“Remaining
energy” indicates the energy level of node j. Nodes with less value of remaining energy should be
avoided in being selected as next-hop. Consequently, its lower value results in a higher link cost.
“Energy consumption rate” of node j is another important parameter.
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Fig 4. Fuzzy Rule base
It is possible to have a node with a high value of initial energy, resulting in a higher value of remaining energy in
spite of its high rate of energy consumption. Nodes with high rate of energy consumption are, therefore,
assigned higher link costs. The fuzzy input variable “Distance from the gateway” enables selection of routes
with minimum hops. Nodes nearer to the gateway are thus assigned lower link cost. Each sensor node is
assigned a dynamic weight depending upon its current status. An in-active node that is neither sensing nor
relaying is assigned a highest value whereas a node that is performing both these tasks is assigned a least
weight. This parameter helps in selecting nodes which are either inactive or are only in the sensing state. Thus, a
high value of weight makes the node favorable for next-hop, resulting in a lower value of link cost. The input
fuzzy variable “queue size” indicates the buffer capacity at node j. This parameter helps avoid packet drops due
to congestion at the receiver.
The output fuzzy variable, as shown in Figure 5, consists of six membership functions. A cost between 0 and
100 is assigned to each link. The domains of input fuzzy variables have been selected according to our
simulation environment, but they can be easily modified to make them general purpose. MIN-MAX inference
technique has been used in the fuzzy controller. To find a crisp output value from a solution fuzzy region, the
controller uses Centroid Defuzzification method. Centroid defuzzification finds the balance point of the
solution fuzzy region by calculating the weighted mean of the fuzzy region. Mathematically, the crisp output
domain value R, from solution fuzzy region A, is given by:

(4)
Where Wi is the domain value corresponding to rule i, n is the number of rules triggered in the fuzzy inference
engine and A (Wi ) is the predicate truth for that domain value.
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Fig 4. Input Fuzzy Variable

Our rule base consists of 144 rules. A few rules are given in Table 1. The rules have been formulated
according to the criteria described above. In Table 1, the input fuzzy variables have been denoted by
A, B, C, D, E and F. These represent the input fuzzy variables viz.

Fig 5. Output Fuzzy Variable
transmission energy, remaining energy, rate of energy consumption, queue size, distance from gateway and
weight respectively. The last column contains the output fuzzy variable i.e., the cost denoted by O.
Future Work
In this paper we present the fuzzy model for the optimization of energy in wireless sensor networks. In this
model fuzzy approach is soft it can be easily tuned for different network and node conditions simply by
changing shapes of the fuzzy sets. The work can be proceed by simulate the network using MATLAB or NS-2.
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Abstract

We are currently witnessing the coexistence of a multitude of radio access networks allowing the users to connect to the
federative all-IP Core Network, and then further to the Internet. In this heterogeneous environment we should strive to be
“best connected, anytime, anywhere”. Vertical handoff enables the cross-domain mobility in wireless networks. Algorithms
are crucial to achieve an optimal handoff management in terms of performance and quality of service. In this paper, a
survey on vertical handoff decision algorithms is given and the algorithms are described, analyzed and compared. In the
end, major existing problems and future research direction are discussed.
Key words: Heterogeneous wireless networks, Horizontal handoff, Vertical handoff, Mobility Management

Introduction
In recent years, the exponential growth of wireless communication services has resulted in a widespread
success of various wireless technologies. Today's wireless communication networks (such as WLAN, 3G
cellular and satellite networks) will coexist to provide ubiquitous wireless access and various traffic services
[1]. Therefore, how to coordinate and intemperate the various types of networks available has become a major
concern in mobility management of heterogeneous wireless system [2]. Vertical handoff is introduced and the
optimized vertical handoff decision algorithm is required. Compared to horizontal handoff, vertical handoff
(VHO) is defined as a handoff between B.Ss that are using different wireless access technologies, such as
Wireless LAN and 3G cellular networks [3]. An illustration of a wireless Internet roaming scenario across
heterogeneous access networks that involve a personal area network (PAN), a local area network (LAN), a wide
area network (WAN), and a cellular system is shown in Fig. 1.
However, supporting seamless roaming among heterogeneous networks is a crucial but challenging task, for
different access networks having different unique networking characteristics such as mobility, quality-ofservice (QoS), and security requirements. For example, cellular networks generally support user mobility and
provide relatively reliable communication links, however, the date rate upported in the cellular systems is
usually lower. On the contrary, with larger bandwidth, WLANs provide higher date rate. QoS provisioning,
however, is difficult due to the contention nature of medium access. Therefore, unlike the handover within any
access network of the same type (i.e. horizontal handover, shown in Fig. 2), the handover between different
access networks (i.e., vertical handover, shown in Fig. 2) poses new challenges: 1) interactive applications
such as voice over IP (VoIP) and streaming media such as PowerPoint streaming have stringent QoS
requirements on end-to-end delay and packet loss.

Figure 1 an illustration of a wireless roaming scenario.
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The vertical handover process will have to take care of the delays introduced as a result of network discovery,
configuration, binding update procedures, etc; 2) movement between two different administrative domains
(e.g., from cellular systems to WLANs) poses additional challenges since a mobile will need to reestablish
authentication and authorization in the new domain, leading to additional delays; and 3) radio resource
management is expected to perform globally rather than locally.

Figure 2 Vertical and horizontal handovers in a wireless overlay networking paradigm.

Current QoS models are mainly oriented towards low-level network parameters, such as bandwidth, latency,
and jitter, and targeted to provide transparent management on a network transport system to upper applications.
However, in multi access environment, the first order QoS issue above all is the end-to-end selection of access
technologies to be used for various data flows among applications. A vertical handoff algorithm for the crossdomain mobility is thus one key building block. This paper reviews the existing algorithms for vertical handoff
management, and concentrates on the decision algorithms for vertical handoff.
II. Handover Management
Typically, a handover process consists of three phases as shown in Fig.3. These phases are as follows:
Handover Initiation; 2) Handover Preparation; and 3) Handover Execution.

1)

Figure 3 Three phases of a handover process.

A. Handover initiation
A mobile terminal starts searching for new links. After neighboring networks are discovered, the mobile
terminal will select the most appropriate network according to certain handover criteria (e.g., QoS
requirements) and then handover negotiation will be underway.
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B. Handover preparation
After a new network is selected, a new link between the mobile terminal and a base station (or an access point)
located in the new network is setup. Connectivity and protocols on Layer 2 (medium access) and Layer 3 (IP)
are established.
C. Handover execution
After a new link is setup, all the communications associated with the old link are transferred to the new link. The
control signals and data packets are allocated to the connection associated with the new base station or access
point.
III. Vertical Handover Algorithms
1. Traditional algorithms. Traditional algorithms of homogeneous access evaluation for horizontal handoff
criteria [4] focus mainly on link quality conditions, e.g. RSS (received signal strength), SNR (Signal to Noise
Ratio), frame error rate, base station workload, etc. These factors are also taken into account in vertical handoff.
The common target of these techniques is to minimize the unnecessary handoffs while maintaining throughput
and latency constraints. A vertical handoff scheme is presented in [5]. The system only depends on the presence
or absence of beacon packets to make vertical handoff decisions. For latency sensitive applications, some
enhancements can be used by taking some alternative hints into account to predict a handoff. A series of
researches have been carried out in [6]-[7] for inter-technology handoff issues. In [6], traditional handoffs
algorithms based on the RSS or received power are reviewed. Advanced techniques are mentioned, such as
hypothesis testing, dynamic programming, and pattern recognition based on neural networks or fuzzy logic. An
optimization scheme is proposed in [8] to minimize the delay and maximize the throughput by employing a
dwell-timer. In [6], a location-aware architecture is proposed to support vertical roaming among heterogeneous
wireless access networks. A policy-based mobile IP handoff decision algorithm is presented in [9]. A Generic
Link Layer (GLL) is defined above access networks. The algorithm can utilize link layer information from a
defined GLL as input values. A first implementation of the algorithm is described in which the SNR is
considered in the policy.
2. Analytic Hierarchy Process Based Algorithms
AHPA provides a clear and visible hierarchical structure to analyze and deal with complicated multiple
attributes decision problem. As an example, Fig. 4 shows an AHP structure model for UE handoff between
WLAN and UMTS. The factors considered in the handoff decision process include RSS, bandwidth, service
fees, user service and service delay, etc. AHPA can be used in vertical handoff decision process for target
network selection of which the process consists of three phases: 1) building a hierarchical structure consisting
of goal layer, criteria layer and alternative layer; 2) assigning weights on decision factors; 3) choosing target
network based on the weighted sum of candidate networks.

Figure 4 AHP structure for handoff between WLAN and UMTS
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In [10], a network selection algorithm based on AHP is discussed for multimedia application. The criteria-layer
decision factors are chosen as user device preference, available network bandwidth, connection delay and
bandwidth fluctuation. The AHP algorithm is used to select a network which provides the best QoS support for
users' application. The advantage of AHPA is the strong robustness for solving problems with complex
hierarchical structure, however, for solving problems with relatively simple hierarchical structures, AHPA is
similar to SAWA but is more complicated than SAWA.
3. Advanced MCDM Based Algorithms.
In advanced MCDM based approaches, handoff decision problem is treated as a MCDM problem, and solved
using classical MCDM methods, including AHP (Analytic Hierarchy Process), TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution), and GRA (Grey Relation Analysis). The handoff decision making
process presented in [11] utilizes context information regarding devices and their capabilities, user's personal
information, application QoS requirements and user perceptibility of application QoS, location, network
coverage and the overall QoS. AHP method is employed to vary its weighting between each objective. In [12],
inputs from both the system and the user are considered in the handover decision algorithm. A fuzzy ordinal
ranking procedure is used to compare different network interfaces. AHP is used to obtain the weighting of the
handoff decision criteria. In [13], the effectiveness of a TOPSIS based method is illustrated and compared with
other methods. The proposed network selection scheme in [14] comprises two parts, with the first applying an
AHP to decide the relative weights of evaluative criteria set according to user preferences and service
applications, while the second adopts GRA to rank the network alternatives. QoS parameters considered in the
scheme include throughput, timeliness, reliability, security, and cost.
4. Fuzzy Logic and Policy Based Algorithms
The vertical handoff decision involves many factors and some factors might be difficult to quantify, for
instance, user preference on different networks and different user requirements, etc. Fuzzy logic method can be
designed to solve vertical handoff problem with fuzzy parameters [15]. The policy structure can also be applied
in vertical handoff algorithm. The resource management framework based on policy is proposed in [16], where
all sorts of network resources can be utilized efficiently by the load balancing policy.
5. Traffic Flow Based Algorithm.
In traffic flow based approaches, traffic flows of packets are classified according to their traffic class field, IP
address and port number, or their respective protocols. Different network interfaces are assigned to various
flows according to the characteristics of the applications.
In [17], an algorithm for handoff between WLAN and CDMA2000 cellular network is proposed. Traffic is
classified into real-time and non-real-time services. Tradeoff between the handoff delay and the throughput is
considered according to traffic classes. In [18], a method based on a data-driven policy is proposed to choose
the network interface that best fits the requirement of the data flow the mobile node is about to generate.
Parameters for describing the data flow include destination, throughput, reliability, and fixed IP source address.
In [19], the issue addressed is using multiple network interfaces simultaneously and controlling the interface
selection of both outgoing and incoming packets for different traffic flows. The method used is to extend the
base Mobile IP protocol with a Flow-to-Interface binding. The binding is used to control the choice of
interfaces to use for incoming traffic. In [20], user-defined rules are used to control which interface is used for a
certain traffic flow in multi homed mobile hosts. A set of priority classes for policy entries are defined,
according to attributes like protocol, port and IP address.
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IV. CONCLUSION
Vertical handoff decision is interesting yet challenging. So far, quite a lot of algorithms have been proposed. In
this paper, the present vertical handoff decision algorithm of heterogeneous network is summarized, and the
existing problems and the future research direction are discussed. It can be concluded from the discussion and
analysis that the traditional handoff algorithm based on RSS is no longer suitable for heterogeneous wireless
network with different kinds of user services.
REFERENCES
1. Upkar V and Radhika J, "Issues in emerging 4G wireless networks", Computer, vol . 34, no . 6, pp .9496, Jun. 2001 .
[2] IF . Akyildiz, J. McNair, H. Uzunalioglu, and W. Wang, "Mobility Management in Next Generation
Wireless Systems", Proceedings of the IEEE, vol . 87, no . 8, pp .1347-84, Aug. 1999.
[3] M . Stemm and R . H. Katz, "Vertical handoffs in wireless overlay networks", ACMMobile Networking
and Applications (MONET), vol . 3, no . 4, pp .335-350,1998 .
[4] G.P. Pollini. Trends in handover design. IEEE Communications Magazine, 34(3), 1996, pp. 8290.
[5] M. Stemm and R.H. Katz. Vertical handoffs in wireless overlay networks. ACM/Baltzer Mobile Networks
and Applications (MONET), 3(4), 1998, pp. 335350.
[6] K. Pahlavan, P. Krishnamurthy, M. Ylianttila, J.P. Makela, R. Pichna and J. Vallstron. Handoff in hybrid
mobile data networks, IEEE Personal Communications, 7(2), 2000, pp. 3447.
[7] M. Ylianttila, J. Mäkelä and K. Pahlavan. Analysis of handoff in a location-aware vertical multi-access
network. Elsevier Journal on Computer Networks, 47(2), 2005, pp. 185201.
[8] M. Ylianttila, M. Pande, J. Mäkelä and P. Mähönen. Optimization scheme for mobile users performing
vertical handoffs between IEEE 802.11 and GPRS/EDGE networks. Proc. IEEE Global Telecommunications
Conference (GlobeCom 2001), San Antonio, Texas, USA, Nov. 2001, vol. 6, pp. 3439 -3443.
[9] S. Aust, D. Proetel, N.A. Fikouras, C. Paupu and C. Gorg. Policy based Mobile IP handoff decision
(POLIMAND) using generic link layer information. Proc. 5th IEEE International Conference on Mobile and
Wireless Communication Networks (MWCN 2003), Singapore, Oct. 2003.
[10] S. Balasubramaniam, and J. Indulska, "Vertical handovers as adaptation methods in pervasive systems,"
The 11th IEEE International Conference on Networks, pp.705-710,Sept.-Oct. 2003.
[11] S. Balasubramaniam and J. Indulska. Vertical handover supporting pervasive computing in future wireless
networks. Elsevier Computer Communications, 27, 2004, pp. 708719.
[12] P.M.L. Chan, R.E. Sheriff, Y.F. Hu, P. Conforto and C. Tocci. Mobility management incorporating fuzzy
logic for a heterogeneous IP environment. IEEE Communications Magazine, 39(12), 2001, pp. 4251.
[13] W. Zhang. Handover decision using fuzzy MADM in heterogeneous networks. Proc. IEEE Wireless
Communications and Networking Conference (WCNC 2004), Atlanta, Georgia, USA, March 2004, vol.2, pp.
653658.
[14] Q. Song and A. Jamalipour. Network selection in an integrated wireless LAN and UMTS environment
using mathematical modeling and computing techniques. IEEE Wireless Communications, 12(3), 2005, pp
4248.
[15] Y.T.Ling,Y.Benshun,and Q.P Zhu,"An Improved Vertical Handoff Decision Algorithm for Heterogeneous
Wireless Networks," 2008. '08. 4th International Conference on WiCOM, pp.l-3,Oct 2008.
[16] W. Song, W.H. Zhuang, and Y. Cheng, "Load Balancing for Cellular/WLAN Integrated Networks," IEEE
Network, vol. 21, pp. 27-33, Jan.-Feb. 2007.
[17] H. Park, S. Yoon, T. Kim, J. Park, M. Do and J. Lee. Vertical handoff procedure and algorithm between
IEEE802.11 WLAN and CDMA cellular network. Proc. 7th CDMA International Conference, Seoul, Korea,
SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

95

Intelligent Vertical Handover Decision Algorithms: A Survey

Nov. 2002, pp. 217-221.
[18] G. Mola. Interactions of vertical handoffs with 802.11b wireless LANs: handoff policy. Masters theses,
Department of Microelectronics and Information Technology, Royal Institute of Technology (KTH),
Stockholm, Sweden, March 2004.
[19] X. Zhao, C. Castelluccia and M. Baker. Flexible network support for mobile hosts. ACM/Baltzer Mobile
Networks and Applications (MONET), 6(2), 2001, pp. 137149.
[20] X. Zhao, C. Castelluccia and M. Baker. Flexible network support for mobile hosts. ACM/Baltzer Mobile
Networks and Applications (MONET), 6(2), 2001, pp. 137149.

96

SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

An Analytical And Introspective Review of The Indian Aluminum Industry
Dr. Ashvine Kumar
Assoct. Professor, HIM, Sonepat

Dr. Shafali
Reader, BPSMV, Khanpur Kalan, Sonepat

Abstract
Though the existence of Aluminium was first established in the year 1808, it took almost 46 years to make its
production commercially viable. The research work of several years resulted in extracting the aluminium from
the ore. Aluminium is third most available element in the earth constituting almost 7.3% by mass. Currently it is
also the second most used metal in the world after steel. Due to the consistent growth of Indian economy at a
rate of 8%, the demand for metals, used for various sectors, is also on the higher side. As a result, the Indian
aluminium industry is also growing consistently.
The production of aluminium started in India in 1938 when the Aluminum Corporation of India's plant was
commissioned. The plant which was set up with a financial and technical collaboration with Alcan, Canada
had a capacity of producing 2,500 ton per annum. Hindustan Aluminum Corporation (Hindalco) was set up in
UP in the year 1959; it had a capacity of producing 20,000 ton per annum. In 1965, a public sector enterprise
Malco which had a capacity of 10,000 ton per annum was commissioned; by 1987, National Aluminium
Company (NALCO) was commissioned to produce aluminium. It had a capacity of producing 0.218 million
ton.
India is world's fifth largest aluminium producer with an aluminium production competence of around 2.7
million tones, accounting almost 5% of the total aluminium production in the world. India is also a huge
reservoir of Bauxite with a Bauxite reserve of 3 billion tones.
Introduction:
Aluminum represents the second largest metals market in the world. It is the world's most abundant metal and is
the third most common element, comprising 8 percent of the earth's crust. The versatility of aluminium makes it
the most widely used metal after steel and iron. However, aluminum never exists in pure metal form in nature,
but is instead incorporated into many well-known minerals such as feldspar, etc.
The production of aluminum is a difficult and costly process and was not suitable for mass production. In
processing of one kilogram of Aluminium on average it takes some 15.7 kWh of electricity while it takes only 5
percent of the required energy to recycle. There are two kinds of Aluminium produced primary and secondary;
in terms of purity both are equally good. Aluminium has become the world's second most used metal after steel.
Why Aluminium ?
 Strength wise pure aluminium is soft enough to carve but mixed with small amounts of other rnetal to form
alloys, it can provide the strength of steel, with only one-third of the weight.
 Aluminium sprayed on a polymer forms a thin insulating sheet which helps in keeping warm.
 It's an extraordinarily versatile material. The range of forms it can take - from castings, extrusions, tubes, sheet
& plate to foil etc.
 Its impermeability makes it ideal for food and drink packaging and containers.
 It is also most widely used in transport companies' in order to reduce the weight of the vehicles, hence in
providing fuel efficiency, reducing energy consumption and greenhouse gas emissions.
 It is 100 percent recyclable. Recycling saves about 95 percent of the energy required for primary production.
 Metal coating of aluminium oxide provides a highly effective barrier to the ravages of air, temperature,
moisture and chemical attack, making aluminium a useful construction material.
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 Good conductor of electricity because of its non-magnetic and non- combustible properties.
In short we can conclude that -Aluminium is a key component in so many aspects of our life; from the buildings
we work into the cars we drive, from the cans we drink out of to the flights we take.
Research Overview
Aluminium is the second most important metal after steel. The Indian economy is growing at a consistent rate of
about 8% and due to this there is an increase in the domestic demand for the metal which is most widely used in
various sectors for various purposes. The interesting part about the topic “Indian Primary Aluminium Market”
is that even though there is a huge growth in demand for the metal both in domestic market as well as in the
international market which is mainly driven by China. The production of primary aluminium in India is
dominated by the old players; there has been no new entrant into the market including the major metal
industries like Arcelor Mittal etc. This makes the research interesting.
The objectives of the research is:
1. To study the global as well as domestic production.
2. To study the type of Indian aluminium industry and its key players.
3. To study the reasons for the primary aluminium market being an Oligopolistic market and the barrier to entry.
A Global Overview:
The Global production of primary aluminium rose continuously from 32 million tones (MT) in 2005 to 38 MT
in 2007, registering a CAGR of 9 percent. However, during 2008 the production remained flatfish at around 38
MT (2007 levels) on account of significant fall in demand in the second half of the year due to the global credit
crisis. This created a large" amount of demand supply gap, thus making the inventory levels high in FY 2009.
China accounted for around 33 percent of the total global aluminium production.
Aluminium Producing Countries
The ore of the metal i.e. bauxite generally occurs in the tropical and sub tropical areas of earth and is present in
almost all continents except Antarctica with the estimated deposits of 65 billion tons. The major producers of
primary aluminium in the world are:
United States of America
· Russia · Canada · European Union · China · Australia · Brazil · Norway · Venezuela · Bahrain · United Arab
Emirates · India · New Zealand
The Big Ten Aluminium producer in the world
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Asia, once again showed the largest annual increase in consumption of primary aluminum, driven largely by
increased industrial consumption in China, which has emerged as the largest aluminum consuming nation,
accounting for 35 percent of global primary aluminum consumption in 2008. As far as the global consumption
goes, it declined by around 3 percent in 2008 due to the global meltdown.

Global Consumption Demand of Aluminium:
During the period 1980 to 2006 there has been an annual increase of 3.3 percent in the consumption of primary
aluminium on a global scale. It is expected that the annual increase in the period 2006 to 2030 will be 3.7
percent, and this clearly indicates that the global market will demand more aluminium in the up-coming years.
China being the largest consumer will have a significant bearing on the future price movements.
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As aluminium is a strong and very light metal, it is highly demanded in automobile, aviation and transport
related industries. Since aluminium is not toxic and does not oxidize (rust), it is used extensively in the food and
pharmaceutical industries for preservation. As regards packaging, soft drink and beer cans consume some 80
percent of the quantity used. Almost every sector is using more aluminium and using it more frequently. Almost
26 percent of the aluminium is used in transportation industry which is always looking to make cars, crafts and
other automobiles lighter, since a lighter vehicle uses less fuel; this is the reason why transport industry is the
biggest consumer of aluminium on the world market. For example, per each kg of aluminium replacing steel on
a car, which reduces the weight, saves roughly 20kg of C02 emissions during its lifetime. A10% reduction of
car weight results in a 9% increase of fuel consumption efficiency.
Global Supply of Aluminium:
Growing demand for the lightweight metal is fuelled largely by the booming economies like China, Japan and
India. In the coming years even greater demand for aluminium is expected, and an increase in the supply of
aluminium is therefore also required, in order to achieve this, it is necessary to look at what the total world
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production capacity can manage today and in the longer term. In addition, there is a difference between
production capacity and the actual amount of aluminium produced.
The capacity utilization in this sector is very high (approx 94%). The smelters have not been able to achieve
100% utilization due to high energy prices & obsolete technology. This has led to a significant demand supply
mismatch which is expected to grow to around 1.6 million tonnes by 2011 and could 90 up to 30 million tonnes
by 2030, The major capacity additions are expected to come up only in China wherein the excess supply would
be consumed locally and not exported.

Aluminium Industry in India is a highly concentrated industry with few top companies constituting the
majority of the country's production. With the growing demand of Aluminium, the Indian Aluminium market is
growing at a rapid pace and it is one metallic industry where India can emerge as a powerhouse within the next
decade.
Though India's per capita consumption of Aluminium stands too low (under 1 kg) comparing to the per capita
consumptions of other countries like US & Europe (range from 25 to 30 kgs), Japan (15 kgs), Taiwan (10 kgs)
and China (3 kgs), the demand is growing gradually.
Major Players
The Aluminium production market in India is an oligopolistic market where market is dominated by five
companies that constitute the majority of India's aluminium production. In this group there are only three key
players with a total production of 1250 KT in 2008, namely Hindalco (39%), Nalco (29%) and .Sterlite
Industries {32%}with their corresponding market share. Reasons attributed to having an Oligopolistic
aluminum market are - huge chunks of capital investment, long time period required to set-up a plant, difficulty
in owing bauxite mines & land, scarcity of power and government interventions, etc., thereby creating hurdles
for new members to enter the market.
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Aluminium Production:
India is considered to be the fifth largest producer of Aluminium in the world. It accounts for 3.3 percent of the
global production. It is endowed with rich bauxite reserve of 2300 million tonnes (approx. 6.76 percent of the
world total) and also stands fifth in the world bauxite reserve base.
The Primary aluminium industry in India consists of five producer's viz. Nalco, Hindalco, Balco, Malco and
Vedanta aluminum Ltd. (Val). VAL started its operations in April, 2008. The production of aluminium by
Primary Aluminium Producers in the years 2007-08 to 2009-10 (upto December, 2009) is as follows:-

Note:
# MALCO has closed its smelter since December, 2008.
@ BALCO has closed its old smelter of 1, 00,000 tonnes per annum capacity due to its non-viability.

Aluminium Consumption:
In this financial year, domestic demand is likely to grow up by 14%. The key verticals which would see a spurt
102

SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

Dr. Ashvine Kumar, Dr. Shafali

in demand domestically will include power, automobiles, packaging and the construction sector.
In India, the electrical sector is the largest consumer of aluminium, Bulk of the Aluminium usage is in overhead
conductors and power cables used in generation, transmission and distribution of electricity. Aluminium is used
in switchboards, coil windings, capacitors, and many other applications as well. Hence, the consumption of
primary aluminium has risen sharply since 2002 and reached 1,080 KT by 2006. Still per capita consumption of
Aluminium is just 0.6kg in India as compared to 20kg in the developed markets.
India- A Net Exporter of Aluminium Ore:
After the establishment of Nalco in 1987, India became a net exporter of aluminium. Domestic production of
1,200 KT is well consumed with demand accounting for over 1,100 KT. Furthermore, country is set to take a
small jump in aluminium export with companies like Vedanta contributing big share in aluminium production
and who is now implementing new expansion projects of the entire $13.5 billion aluminium capacities. With
this the total aluminium production capacity of Vedanta would increase five times from the present level of
500KT to 2572 KT Not only this, cheap labour cost, excessive bauxite reserves and a low cost of production
will enable India to become one of the largest export bases of aluminium in the world with an estimated
exportable aluminium capacity of 730 KT by 2012.
In addition, presently as the cost of aluminium production in India is about $1500 per tonne compared to the
world average of $1,600 per tonne; Vedanta's implementation of such large-sized aluminium plant would bring
economies of scale in the operation and will help further reduce cost of production. It will help India enjoy a
cost advantage over other countries and become a powerhouse in the aluminium market.

Pricing of Aluminium:
The Indian aluminium industry is the price taker and there is no clear leader as it's an oligopolistic market where
almost all the big players have an equal market share. The Aluminium companies sell the products at the price
which is decided by them, but mostly firms go by the price on the London Metal Exchange (LME).
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Price on the LME is majorly influenced by China as it dominates the global aluminium industry accounting for
almost one third of the global production and consumption of primary aluminium. For the first time in the last
fifteen years, the consumption has fallen faster than production which is predominantly attributed to the global
economic meltdown. Hence, in 2009, it was observed that 'the global aluminium price averaged around $
1665/tonne range, which was incidentally 35% below the 2008 average price. The decline in aluminium price
in 2009 was the single largest annual decline on record, mainly as a result of low consumption demand and
increased inventories of over 4.6 million at LME.
The Future Scenario of Aluminium Industry:
In this industry, countries that are currently experiencing a rapid rate of development, are now seeing more
opportunities to exploit aluminium's technological benefits and utilize the methods for application that are
already in use in most developed parts of the world. However, most developed countries are now experiencing
saturation in the aluminium market. It is more difficult to put excess aluminium into finished goods as it has
already been done to a great extent wherever possible.
Secondly, the factor that may have a negative impact on the aluminium market, is plastics industry and its
development, but presently there is no indication that a major revolution is about to take place, and therefore
plastic is unlikely to replace aluminium as a viable alternative. Therefore,its status as a material is in great
demand.
Lastly, climate change is the major concern for the global aluminium industry. The full process of
manufacturing new stocks of aluminium is responsible for 1% of the global human-induced greenhouse gas
emissions that scientists with the United Nations' Intergovernmental Panel on Climate Change (IPCC) identify
as a cause of unnaturally accelerated rates of global warming.
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Abstract
Set-up of any machine is a process to execute activities in a particular sequence, which is required to make
feasible the production of given product in the existing production constraints. These activities are a
significant part of production lead-time of any product (Perry, and Sohal, 2001). Study has been carried out in a
piston-manufacturing unit to highlight the initial areas, which need an immediate attention as far as set-up time
consumption is concerned. This paper not only deals with the importance of shorter set-up times in present
manufacturing scenario but also discuss an Integrated Methodology which uses Cross Functional Process
Mapping and Single Minute Exchange of Die (SMED) in the more synchronized way to achieve breakthroughs
reduction in set-up times of machines, specifically in die casting foundries. Cost analysis for the same has also
been carried out. As is mapping and should be mappings have been performed to generate critical to action
parameters and SMED has been further used to analyze these factors of set-ups to eliminate the unwanted
activities. Externalize the internal activities and if possible then reduce them by simplification or
standardization. The proposed set-up process is compared with the present one, in order to have an actual
assessment of the financial and non-financial benefits to be incurred from it.
KEY WORDS: Set-up time, Cross Functional Process Mapping, SMED, Externalization, Time- Study, As Is
Mapping, Bottlenecks, Lot sizes, Design for changeovers, Overall equipment efficiency
1. Introduction
In today's world because of heavy customization of product every customer wants his whistles and bells on the
product. So in near future, only those manufacturers, who can give positive and quick response to the everchanging demands of market, would survive (Womack and Jones, 1996). Now with globalization and
decreasing importance of distances the cost aspect of product becomes a significant key to compete in the
market. To cope up with the above challenges, competitors are forced to move towards such
strategies/techniques which can make production more flexible and economical. FIAM- (2001) highlights setup times of a machine or line as means providing extra time for production. So one can have maximum
utilization of machine or equipment which will obviously enhance the production rate and make the overall
production more economical.
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1.1 Importance of set-ups: Nowadays the short set-up times are becoming absolutely necessary in every type
of industry. Many companies around the world are implementing lean concepts and customer pull based
production systems, for which set-up time reduction is the fundamental requirement. Van Goubergen (2000)
categorizes different reasons for smaller set-up times in the following three main groups: Flexibility,
Enhancing Bottleneck Capacity and Cost Minimization.
Flexibility: Gung and Studel (1999) demonstrate that manufacturer has to provide what the customer demands
i.e. lower priced products with fast delivery speeds. To respond to these needs of product customization and
shorter lead times, companies are prompting to reduce their production batch-sizes. Desruelle (1992) describes
that the role of set-up time reduction comes into picture right from here because it has been proved to be the best
policy for economical production of smaller lot sizes. Smaller lot sizes require more set-ups. To avoid
increasing production costs as a result of more set-ups, the time to perform each set-up must be reduced because
reduction in set-up times minimizes machine downtime and hence facilitates smaller lot sizes. Each lot
produces products with some modifications as per the customer requirements, so we can obviously say that setup reduction strategy makes feasible the production in smaller lots or in other words it enhances the flexibility
of the given manufacturing system (Singh, Garg and Deshmukh, 2004).
Bottleneck Capacities: Bottleneck is defined as the machine or line, which is running short of its production
capacity. The production capacity per machine is pre-settled according to quantity of order and present
production constraints. Now when sale increases, production rate should also increase to fulfill the market
requirement. To increase production, management may think for expensive decisions such as to buy new
machinery or to create new shift etc. But in a conference organized by IIE held in USA (May, 2000) it is
concluded that first of all it should be seen that whether the available capacity is being fully utilized or not? First
of all the bottlenecks are identified. It has been found out that 15% to 80% of total production time is
approximately spent on set-up activities in various types of industries. So it is possible to enhance production
rate by reducing the set-up time of machines and thus increasing their overall percentage utilization e.g. in a
paper industry which operates 3 shifts/day (24 hr., 5 days a week). With increase of the market demand,
management initially planned to make an additional shift on Saturday.
A closer examination showed that the working time lost due to set-ups was substantial (Garg, Vrat, Kanda and
Dua, 2003). Bottleneck machine is identified by analysis and a set-up time reduction project using SMED made
it possible to reduce its set-up time.
Cost Minimization: It has been deduced that set-up reduction can positively influence the cost of product which
in turns can affect the profit earned. It is well known that profit earned is equal to the difference of market price
and cost price. Profit can be increased by reducing cost price of product (Chao Hsien Chu, 2001).
Manufacturing cost is the major content of cost price of a product and manufacturing cost has major content as
equipment cost i.e. the cost price of equipments or machines used to manufacture required product. So there is a
direct relation of set-up time reduction and overall equipment efficiency. Now, as set-up times get reduced, the
OEE increases, this causes maximum utilization of equipment and decreases the manufacturing cost of the
product. This will further reduce the overall cost of product and will increase the net profit (Moen 1999).
2. LITERATURE REVIEW
To reduce the excess physical effort, re-adjustment and vague variables involved in changeovers, there are
number of technical guidelines and industrial engineering tools available for example: Visual controls, Check
lists, Set-up carts, Principles of Standardizations and Work place organization etc. In general set-up reduction is
considered as a problem for production people only but Van Goubergen (2001) identified some other
fundamental areas (like Maintenance department, Quality people, Purchasing department and Design
department.) which can put direct impact on set-up duration. Among them role of Design department is the
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most critical because set-up problems originate from design phase of an equipment. Van Goubergen has
pointed out that Equipment designer is the most significant person as he is the only person, who influences setup before manufacturing of equipment itself. He is responsible for all technical aspects of set-ups since these
are determined by the concept and construction of equipment (or machine). It is said that it is easier and cheaper
to make technical changes into the design phase than modifying existing machine afterwards. So basic
philosophy for every designer should be that the set-up must be as simple as possible to minimize bottlenecks
and make sure that no special skills are needed to do the set-ups. In single sentence, designers should design setup friendly equipments. Milehans (2001) identify this approach as 'Design for changeovers' (DFC).
Majorly, what happens that a representative of machine or equipment at the time of installation of the machine
demonstrates proper methodology and organization of set-up to concerned officers and operators. The
operators are expected to do set-ups as per demonstration. However with the passage of time, operators device
their own ways to perform set-ups which seems easier to them. But this deviation in method and organization of
set-ups may cause irreparable loss to machine, to production or to operators themselves. To optimize the set-up
procedure one should develop set-up prescription by taking care of some standard guidelines that are briefly
described below (Shingo, S. 2000):
 Separate on-line and off-line activities, by asking the question "Does the machine has to be stopped for this
activity? Optimize the order in which the activities are performed to minimize the movements and walking
distances.
 Balance the workload between the available operators and make separate instruction sheet per person.
 Use the Kipling question on every activity of the set-up for the critical review (What, Where, When, Who,
Why).
 Provide set-up kits with all necessary tools and parts, determine the exact location where tools and the parts
are to be placed during the actual set-ups.
 Provide required checklists for internal and external activities of set-ups.
According to Shingo (1985) besides giving operating and maintenance instructions, set-up instructions should
also be given with every new machine or equipment. The set-up procedure should be directly recommended
from equipment engineer, who design the given equipment or machine.
3. INTEGRATED APPROACH
The paper deals with an Integrated Technique that has been devised by collaboration of Cross Functional
Process Mapping and Single Minute Exchange of Die to attack on rising and mostly ignored problems of high
Set-ups in more focused way beside of given production constraints. Cross functional process mapping
(CFPM) tracks down the whole set-up process right from scratch in the form of “As is mapping”. Industrial
engineering tools like Time-study and Method study can be performed to do effective value stream mapping
and mapping of cross functions. Video filming by closed circuit cameras is advanced way to capture each and
every value adding and non-value adding activity actually incurred in set-up process. Beside this CFPM
provides breakage of given set-up process into major changeover activities which are further divided into sub
activities on the time scale. It also give information regarding man power allocation in various set-up activities
which further helps to improve over all scheduling of set-up process and work balancing among set-up
operators. It provides comprehensive knowledge of instruments or tools being used by workers during
execution of first to last changeover activity, which can further be helpful to design an appropriate set-up toolkit to ensure availability of tooling in its sequence of utility. After “As is mapping” the revolutionary technique
of SMED is used to generate “Should be mapping” whose work starts from classifying every set-activity of “As
is mapping” into the category of On-line or Off-line activity. SMED analysis table has been chalked out which
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further checks that
Whether the given activity can be omitted? Or
Whether it can be externalized ? Or
Whether it can be simplified or standardized further ?
The proposed integrated approach for set-up reduction is a six step methodology and must be executed in a
sequence as shown in figure-1 below:

Figure-1 (An integrated technique for set-up reduction)
4. CASE-STUDY IN A NON FERROUS FOUNDRY
The study was carried out in a US based multinational company 'Federal Moguls' situated in the prosperous
state of Punjab (India). In the Piston Foundry of the company, the dies are installed on an appropriate Semiautomatic Die-Casting Machines to cast pistons according to the monthly orders. There are basically four
different types of machines namely; Mg-9, Mg-7, Mg-11 and Mg-17 working in this Aluminum alloy foundry.
Every casting machine has its own design and set-up requirements. Die has five parts and their movements are
hydraulically controlled but metal pouring is totally manual. Dies are prepared in die repair section in advance
and will be installed on machine as per the planned scheduling. Further scheduling is the out come of monthly
orders from customers and their priorities of delivery. Dies are prepared as per the drawing requirements of
customers whereas necessary drawings are provided by customer with order. After change over of any die, the
fifth casted piston is sent to inspection department where ten critical dimensions are closely analyzed before
giving the green signal to regular production. This critical trail run checking is mandatory and parameters
should be in the close tolerance limits of +0.001 to -0.001 as pistons are “A” class products in any vehicle.
4.1 FORMATION OF SET-UP TEAM
The very first step of this revolutionary set-up reduction approach is to formulate the Action- Team who will
execute proceeding five steps efficiently to achieve the required results. For this it has been decided to take five
members who are directly or indirectly involved in set-ups and later production on machine. The team consists
of 1-machine operator, 1-die helper, 2-set-up fitters and a shift supervisor as a facilitator. Team-mates have been
well trained in advance regarding the set-up time, its importance and above stated integrated technique for
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Whether needed set-up reduction. Day to day Work content, jobs and responsibilities of every member are well
cleared and documented on the board installed on shop floor. Facilitator is responsible to chalk out every day's
schedule and can use classroom techniques to teach, motivate and maintain co-ordinate among his team
members.
4.2 IDENTIFICATION OF BOTTLENECK MACHINE
Bottleneck machine is defined as the machine, which takes maximum time for its change over and set-up
activities. This is the machine which needs critical analysis to get break through reduction in its set-up
time.Table-1 gives the detailed information regarding all type of machines.

Machine
Mg-17

Mg-9

Mg-7

Mg-11

Total-Nos. of
Machines

15

18

12

08

Working

12

16

09

06

Scrap

01

02

01

02

Not in use

02

-

02

-

Parameters

Table-1 (Status of Machines)
To estimate the average set-up time per month of above stated machines, a data is generated which give clear
image of an average set-up time consumption by the given four type of machines per month. For example; setup time is collected for all the twelve Mg-17 machines for consecutive three months. Name of the die and date
of installation is also being recorded for every machine. The respective set-up times is calculated form the
production report and daily work-report of production and die maintenance departments. Total set-up time
consumed per month has been obtained. From the monthly data an average set-up time required per month for
Mg-17 machines has been calculated. This comes out to be 165.3 hrs per month. It means the 17.8% of
production time per month is used for set-up activities for these machines. Similarly it can be concluded that an
average 57.7% of total production time is used only to perform set-up activities of Mg-9 machines per month.
Similarly Mg-7 machines take average of 300 hrs per month for their set-ups. It implies 16.8% of production
time is used for set-up trials per month. There are six Mg-11 machines, which require average 74.6 hrs per
month for changeover activities. It becomes 12.6% of production time. To find out the bottleneck, a histogram
is drawn with common time axis for the different four types of machines as presented in Graph-1.
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Graph-1 (Comparisons of Set-up Times)
From the Table-2 it is obvious that Mg-9 machines are the most troubleshooting machines,
taking maximum of 57.7% of production time as set-up time as compare to other brands of
casting machines.

Type of Machine

Total Avg. Setup time/month
(Percentage)

Mg-9

57.7

Mg-17

27.8

Mg-7

16.8

Mg-11

12.6

Table-2 (Average Set-up Time Consumption)
The total set-up cost has been calculated for Mg-9 machines, which is a function of set-up Labour cost, lost
production cost & Energy cost as described in Table-3. The cost analysis of Mg-9 machines is as under:
Average numbers of days/month
24.6 or 25 days (approx.)
Avg. set up time
342 hr/month (57.7%)
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-

Type of Cost

342/8*3 = 14.2 days/months
or 14 days/month

Cost Per Month
(in Rs.)

Labour Cost

100296

Lost Production Cost

1136520

Energy Cost

211034

Total Cost

14,47,850

Table-3 (Cost-Analysis of Mg-9 Machines)
Rs. 14, 47850 per month is a considerable set-up cost for Mg-9 machines. So these machines are rightly
identified for the set-up time reduction programme.
4.3 AS IS MAPPING
Set-up of Mg-9 semi-automatic die casting machines is a sequence wise combination of its various activities
and sub-activities. These are broadly divided into major three categories: On-time, off-time and improvementtime activities. On-time activities are those which can be executed when machine has to stop or wait. Off-time
activities can be performed sidewise while the machine is in working condition. Improvement time activities
are sort of off-time activities after changeover of machine to new product. In case of set-up procedure of Mg-9
machines off-time set-up activities include Die checking initial stage and verification of machine parameters.
On-time activities contain exchanging of parts and setting of process parameters and improvement time
activities consist of trial runs and readjustment of machine or die variables.
Detailed stop-watch study has been carried out as quoted in Appendix-1. This data give clear indication of
which activity or sub-activity take how much time and have an obvious picture of concerned information like
department involved in respective activities, machine status, persons responsible and tool/machinery used to
perform these various activities.
4.4 SHOULD BE MAPPING
To analyze the existing procedures at grass-root level, a comprehensive 'should be' mapping is done with the
help of SMED-analysis sheet (Refer Appendix-2) in which every activity and sub activity is analyzed
critically to see its probability to get omitted, simplified and/or externalized. Whether the activity can be
performed by some other method or it is in need of any assistance of tool-kit etc. From SMED-analysis table
important queries regarding the activities involved in set-up procedure are cleared up to major extent. Activities
which need an immediate attention and can give major reduction in set-up time can also be recognized.
4.5 IMPROVEMENT/SUGGESTIONS
Analysis of set-up activities with the help of SMED-table gives appropriate links to do further analysis.
Statistical representation of set-ups of different changeover die parts clearly indicates the area, which need
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Immediate attention. It is remarkable that After applying Kpling's five Ws ( Which, why, who, when, where) on
each sub activity, around 8 to 10 sub activities of different main activities are found to be just waste and not
adding any value to set-ups. Recognition of external activities from internal ones has saved about 150 minutes
since activities like material fetching, numerical setting of machines and collection of tooling, pre-heating and
pre-cooling of dies etc can be done parallel with the production of present product. A check list has been created
for all off-line activities to nullify any operator error. About 3 to 5 activities are made external from internal by
up grading them technically. After performing the root cause analysis of the installation of ring & bush, side
tools and outer molds remarkable results have been achieved. Results are quite significant as around 48% of
saving in time can be achieved only in changeover of different die parts. Internal & external parameters which
give contribution to die-readjustment activities are broadly discussed. It has been structured that how these
parameters originated from day to day working of die repair activities and how they can be made set-up
friendly. From fish bone analysis 73% saving in time in die readjustment activities has been estimated.

S.No.

Die set -up
activities

Present set -up
(calculated
time in mins)

Proposed set up (estimated
time in mins)

1.

Change over
activities

600

328

272

2.

Process parameter
setting

4 80

413

67

3.

Trial runs

120

65

55

600

160

440

1800

1088

834

4.

Die readjustment
activities
Total

Net Saving
(In mins)

Table-4 (Savings in Set-ups Achieved)
From the above table it is calculated that approximately 46.6% of set-up time is saved, it means now after
implementing the above integrated technique the whole set-up process will complete successfully in around
half of the earlier time. At the end it can be concluded that proposed system has taken the edge over the existing
set-up system and it is a confident step towards higher productivity.
4.6 TECHNOLOGY TRANSFER
Similarly Set-up team should motivate to implement this revolutionary integrated technology to some other
bottleneck machine or work station. Diversification of Technology definitely increases the financial/non
financial benefits. It leads to stability of system which causes ultimately the customer satisfaction.
5. FUTURE SCOPE

In the present market, competitors are looking for flexibility and shorter production lead
times because only such a configuration of production system can fulfill the ever-changing
demands of customers. But for this, it is necessary to have smaller lot-sizes and it is well
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known that the smaller lots result into economic production only if the changeovers are quick, efficient and fast,
because larger set up times not only waste machine time but this also results in excess work in- process
inventory and hence adds to the inability to respond quickly to customer needs. So for economical production
of smaller lot sizes a considerable reduction in set-up times is needed. That's why experience and philosophies
of different experts from various organizations demonstrate that "set up time reduction" will be one of the most
promising and viable key strategies to cope up with future production challenges. At the end it is not wrong to
say that this synergy of Cross Functional Process Mapping and Single Minute Exchange of Die has proved to be
a road map to concept of “One Touch Exchange of Die” even in the case of complex Die set-up processes.
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Abstract
The Indian capital market has been increasing tremendously during last few Years. With the reforms of
economy, reforms of industrial policy, reforms of public sector and reforms of financial sector, the economy has
been opened up and many developments have been taking place in the Indian money market and capital market.
In order to help the small investors, mutual fund industry has come to occupy an important place. The main
objective of this paper is to examine the importance and growth of mutual funds and evaluate the operations of
mutual funds and suggest some measures to make it a successful scheme in India.
Key words: Mutual funds, capital market.
Introduction
The economic development model adopted by India in the post-independence era has been characterized by
mixed economy with the public sector playing a dominating role and the activities in private industrial sector
control measures emaciated from time to time. The industrial policy resolution was introduced by the
government in the 1948, immediately after the independence. his outlined the approach to industrial growth
and development. The industrial policy statement of 1980 focused attention on the need for promoting
competition in the domestic market, technological up gradation and modernization. A number of policy and
procedural changes were introduced in 1985 and 1986, aimed at increasing productivity, reducing costs,
improving quality, opening domestic market to increase competition and making free the public sector from
constraints. Overall, in the seventh plan period (1985-86 to 1989-90), Indian industries grew by an impressive
average annual rate of 8.5 percent. The last two decades have seen a phenomenal expansion in the geographical
coverage and financial spread of our financial system. The spread of the banking system has been a major
factor in promoting financial intermediation in the economy and in the growth of financial savings. With
progressive liberalization of economic policies, there has been a rapid growth of capital market, money market .
and financial services industry including merchant banking, leasing and venture capital.
The Evolution
The formation of Unit Trust of India marked the evolution of the Indian mutual fund industry in the year 1963.
The primary objective at that time was to attract the small investors and it was made possible through the
collective efforts of the Government of India and the Reserve Bank of India. The history of mutual fund
industry in India can be better understood divided into following phases:
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Phase 1. Establishment and Growth of Unit Trust of India-1964-87
Unit Trust of India enjoyed complete monopoly when it was established in the year 1963 by an act of
Parliament. UTI was set up by the Reserve Bank of India and it continued to operate under the regulatory
control of the RBI until the two were de-linked in 1978 and the entire control was transferred in the hands of
Industrial Development Bank of India (IDBI). UTI launched its first scheme in 1964, named as Unit Scheme
1964 (US-64), which attracted the largest number of investors in any single investment scheme over the years.
UTI launched more innovative schemes in 1970s and 80s to suit the needs of different investors. It launched
ULIP in 1971, six more schemes between 1981-84, Children's Gift Growth Fund and India Fund (India's first
offshore fund) in 1986, Master share (India's first equity diversified scheme) in 1987 and Monthly Income
Schemes (offering assured returns) during 1990s. By the end of 1987, UTI's assets under management grew ten
times to Rs 6700 crores.
Phase II. Entry of Public Sector Funds - 1987-1993
The Indian mutual fund industry witnessed a number of public sector players entering the market in the year
1987. In November 1987, SBI Mutual Fund from the State Bank of India became the first non-UTI mutual fund
in India. SBI Mutual Fund was later followed by Canbank Mutual Fund, LIC Mutual Fund, Indian Bank Mutual
Fund, Bank of India Mutual Fund, GIC Mutual Fund and PNB Mutual Fund. By 1993, the assets under
management of the industry increased seven times to Rs. 47,004 crores. However, UTI remained to be the
leader with about 80% market share.

2003-03

Amount
Mobilized

Assets Under
Management

Mobilization as % of gross
Domestic Savings

UTI

11,057

38,247

5.2%

Public
Sector

1,9964

8,757

0.9%

Total

13,021

47,004

6.1%

Phase III. Emergence of Private Sector Funds-1993-96
The permission given to private sector funds including foreign fund management companies (most of them
entering through joint ventures with Indian promoters) to enter the mutal fund industry in 1993, provided a
wide range of choice to investors and more competition in the industry. Private funds introduced innovative
products, investment techniques and investor-servicing technology. By 1994-95, about 11 private sector funds
had launched their schemes.
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Phase IV. Growth and SEBI Regulation - 1996-2004
The mutual fund industry witnessed robust growth and stricter regulation from the SEBI after the year 1996.
The mobilisation of funds and the number of players operating in the industry reached new heights as investors
started showing more interest in mutual funds.
Inventors' interests were safeguarded by SEBI and the Government offered tax benefits to the investors in order
to encourage them. SEBI (Mutual Funds) Regulations, 1996 was introduced by SEBI that set uniform standards
for all mutual funds in India. The Union Budget in 1999 exempted all dividend incomes in the hands of
investors from income tax. Various Investor Awareness Programmes were launched during this phase, both by
SEBI and AMFI, with an objective to educate investors and make them informed about the mutual fund
industry.
In February 2003, the UTI Act was repealed and UTI was stripped of its Special legal status as a trust formed by
an Act of Parliament. The primary objective behind this was to bring all mutual fund players on the same level.
UTI was re-organized into two parts: 1. The Specified Undertaking, 2. TheUTI
Mutual Fund Presently Unit Trust of India operates under the name of UTI Mutual Fund and its past schemes
(like US-64, Assured Return Schemes) are being gradually wound up. However, UTI Mutual Fund is still the
largest player in the industry. In 1999, there was a significant growth in mobilization of funds from investors
and assets under management which is supported by the following data:

01 -April31 -March -99

11,679

1,732

7,966

21,377

31 -March -00

13,536

4,039

42,173

59,748

31 -March -01

12,413

6,192

74,352

92,957

31 -March -02

4,643

13,613

1,46,267

1,64,523

31 -Jan -03

5,505

22,923

2,20,551

2,48,979

31 -March -03

*

7,259*

58,435

65,694

31 -March -04

-

68,558

5,21,632

5,90 ,190

98
01 -April99
01 -April00
01 -April01
01 -April02
01 -Feb. 03
01 -April03
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31 -March -99 53,320 8,292

6,860

68,472

Phase V. Growth and Consolidation 2004 Onwards
The industry has also witnessed several mergers and acquisitions recently, examples of which are acquisition of
schemes of Alliance Mutual Fund by Birla Sun Life, Sun F&C Mutual Fund and PNB Mutual Fund by Principal
Mutual Fund. Simultaneously, more international mutual fund players have entered India like Fidelity,
Franklin Templeton Mutual Fund etc. There were 29 funds as at the end of March 2006. This is a continuing
phase of growth of the industry through consolidation and entry of new international and private sector players.

Now days, mutual fund is gaining its popularity due to the following reasons:
l. With the emphasis on increase in domestic savings and improvement in deployment of investment through
markets, the need and scope for mutual fund operation has increased tremendously. The basic purpose of
reforms in the financial sector was to enhance the generation of resources by reducing the dependence on
outside funds. This calls for a market based institution which can tap the vast potential of domestic savings and
canalize them for profitable investments. Mutual funds are not only best suited for the purpose but also capable
of meeting this challenge.
2. An ordinary investor who applies for share in a public issue of any company is not assured of any firm
allotment. But mutual funds who subscribe to the capital issue made by companies get firm allotment of shares.
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Mutual fund latter sell these shares in the same market and to the Promoters of the company at a much higher
price. Hence, mutual fund creates the investors confidence.
3. The psyche of the typical Indian investor has been summed up by Mr. S.A. Dave, Chairman of UTI, in three
words; Yield, Liquidity and Security. The mutual funds, being set up in the public sector, have given the
impression of being as safe a conduit for investment as bank deposits. Besides, the assured returns promised by
them have investors had great appeal for the typical Indian investor.
4. As mutual funds are managed by professionals, they are considered to have a better knowledge of market
behaviors. Besides, they bring a certain competence to their job. They also maximize gains by proper selection
and timing of investment.
5. Another important thing is that the dividends and capital gains are reinvested automatically in mutual funds
and hence are not fritted away. The automatic reinvestment feature of a mutual fund is a form of forced saving
and can make a big difference in the long run.
6. The mutual fund operation provides a reasonable protection to investors. Besides, presently all Schemes of
mutual funds provide tax relief under Section 80 L of the Income Tax Act and in addition, some schemes
provide tax relief under Section 88 of the Income Tax Act lead to the growth of importance of mutual fund in the
minds of the investors.
7. As mutual funds creates awareness among urban and rural middle class people about the benefits of
investment in capital market, through profitable and safe avenues, mutual fund could be able to make up a large
amount of the surplus funds available with these people. 8. The mutual fund attracts foreign capital flow in
the country and secures profitable investment avenues abroad for domestic savings through the opening of off
shore funds in various foreign investors. Lastly another notable thing is that mutual funds are controlled and
regulated by S E B I and hence are considered safe.
Schemes of Mutual Fund
Wide variety of Mutual Fund Schemes exists to cater to the needs such as financial position, risk tolerance and
return expectations etc. The table below gives an overview into the existing types of schemes in the Industry.
Within a short span of four to five years mutual fund operation has become an integral part of the Indian
financial scene and is poised for rapid88 Finance India growth in the near future. Today, there are eight mutual
funds operating various schemes tailored to meet the diversified needs of savers. UTI has been able to register
phenomenal growth in the mid eighties. Now there are 121 mutual fund schemes are launched in India
including UTI's scheme
attracting over Rs. 45,000 Crores from more than 3 Crore investor's accounts Out of this closed-end scheme are
offered by mutual fund of India to issue shares for a limited period which are traded like any other security as the
period and target amounts are definite under such security as the period and target amounts are definite under
such schemes. Besides open-end schemes are lunched by mutual fund under which unlimited shares are issued
by investors but these shares are not traded by any stock exchange. However, liquidity is provided by this
scheme to the investors. In addition to this off shore mutual funds have been launched by foreign banks, some
Indian banks, like SBI, Canara Bank etc, and UTI to facilitate movement of capital from cash-rich countries to
potentially high growth economics.
Mutual funds established by leading public sector banks since 1987-SBIMF, Can Bank, Ind Bank, PNBMF and
BOIMF, emerged since 1987-SBIMFo, as major players by offering bond like products with assurance of
higher yields.
mutual funds have also floated a few open-ended schemes, pure growth schemes and tax saving schemes. The
LIC, GIC mutual funds offer insurance linked product providing various types of life and general insurance
benefits to the investors. Also the income growth oriented schemes are operated by mutual fund to cater to an
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investor's needs for regular incomes and hence, it distributes dividend at intervals.
Growth Trend of Mutual Fund Opening of the mutual fund industry to the public sector banks and insurance
companies, led to the launching of more and more of new schemes.
The mutual fund industry in India has grown fast in the recent period. The performance is encouraging
especially because the emphasis in India has been on individual investors rather in contrast to advanced
countries where mutual funds depend largely on institutional investors, In general, it appears that the mutual
fund in India have given a good account of themselves so far.

UTI's annual sale of units crossed Rs.1000 crores mark in 1986 to 87, 2000
Rs.5500 crores mark in 1989 to 90. During 1990 to 91 on account of decline of corporate interest,, sales
declined to Rs.4100 crores though individual sales increased over its preceding year.
LICMF has concentrated on funds which includes life and accident cover.
GICMF provide home insurance policy. The bank sponsored mutual fund floated regular income, growth and
tax incentives schemes. Together the eight mutual fund service more than 15 million investors with UTI alone
hold for 13 million unit holding accounts. Magnum Regular Income Scheme 1987 assured a return of 12
percent but gave 20 percent dividend in 1993, UTI record 26 percent dividend for 1992 to 93 under the unit
1964 scheme.
Magnum Tax saving scheme 1988 to 89 did not promise any return declared 14 percent dividend in 1993 and
recorded a capital appreciation of 15 percent in the first year. Equity oriented scheme have earned attractive
returns. Especially since early 1991 there has been a steady increase in the number of equity oriented growth
funds. With the boom of June 1990 and then again 1991 due to the implementation of new economic policies
towards structure of change the price of securities in stock market appreciated considerably. The high rate of
growth in equity price led to a high rate of appreciation in the net asset value of the equity oriented funds for
which investors started changing their preferences from fixed income funds to growth oriented or unfixed
income funds. That is why more equity oriented mutual funds were launched in 1991. Master share provide a
respective dividend of 18 per cent in 1993, Can share earned a dividend of 15 percent in 1993. In general the
Unit Trust of India which manages over 28,000 crore under various schemes has for its service an excellent
reputation.
Short Comings in Operation of Mutual Fund The mutual fund has been operating for the last five to six years.
Thus, it is too early to evaluate its operations. However one should not lose sight to the fact that the formation
years of any institution is very important to evaluate as they could be able to know the good or bad systems get
evolved around this time. Following are some of the shortcomings in operation of mutual fund.
1. The mutual funds are externally managed. They do not have employees of their own. Also there is no
specific law to supervise the mutual funds in India. There are multiple regulations. While UTI is governed by
its own regulations, the banks are supervised by Reserved Bank of India, the Central Government and
insurance company mutual regulations funds are regulated by Central Government
2. At present, the investors in India prefer to invest in mutual fund as a substitute of fixed deposits in Banks,
About 75 percent of the investors are not willing to invest in mutual funds unless there was a promise of a
minimum return.
3. Sponsorship of mutual funds has a bearing on the integrity and efficiency of fund management which are key
to establishing investor's confidence. So far, only public sector sponsorship or ownership of mutual fund
organizations had taken care of this need.
4. Unrestrained fund rising by schemes without adequate supply of scrip can create severe imbalance in the
market and exacerbate the distortions.
5. Many small companies did very well last year, by schemes without adequate imbalance in the market but
mutual funds can not reap their benefits because they are not allowed to invest in smaller companies. Not only
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this, a mutual fund is allowed to hold only a fixed maximum percentage of shares in a particular industry.90
Finance India
6. The mutual fund in India are formed as trusts. As there is no distinction made between sponsors, trustees and
fund managers, the trustees play the roll of fund managers.
7. The increase in the number of mutual funds and various schemes have increased competition. Hence it has
been remarked by Senior Broker “mutual funds are too busy trying to race against each other”. As a result they
lose their stabilizing factor in the market.
8. While UTI publishes details of accounts their investments but mutual funds have not published any profit
and loss Account and balance sheet even after its operation.
9. The mutual fund have eroded the financial clout of institution in the stock market for which cross
transaction between mutual funds and financial institutions are not only allowing speculators to
manipulate price but also providing cash leading to the distortion of balanced growth of market.
10. As the mutual fund is very poor in standard of efficiency in investor's service; such as dispatch of
certificates, repurchase and attending to inquiries lead to the decoration of interest of the investors towards
mutual fund.
11. Transparency is another area in mutual fund which was neglected till recently. Investors have right to know
and asset management companies have an obligation to inform where and how his money has been deployed.
But investors are deprived of getting the information.
Future Outlook and Suggestion
As mutual fund has entered into the Indian Capital market, growing profitable enough to attract competitors
into this cherished territory encouraging competition among all the mutual fund operators, there is need to
take some strategy to bring more confidence among investors for which mutual fund would be able to project
the image successfully. The followings are some of the suggestions.
1. As there is no comprehensive law to regulate the mutual fund in India, uniform coordinated regulations by a
single agency would be formed which would provide the shelter to the investors.
2. The investors are not willing to invest in mutual fund unless a Minimum return is assured, it is very essential
to create in the mind of the investors that mutual funds are market instruments and associated with market risk
hence mutual fund could not offer guaranteed income.

3. All the mutual funds are operated in the public sector. Hence private sector may be Allowed to float
mutual funds, intensifying competition in this industry.
4. Due to operations of many mutual funds, there will be need for appropriate Guidelines for self-regulation in
respect of publicity/advertisement and inter scheme transactions within each mutual fund.
5. The growth of mutual fund tends to increase the shareholdings in good companies, give rise the fear of
destabilizing among industrial group, hence introduction of non Voting shares and lowering the debt-equity
ratio help to remove this apprehension.
6. As there is no distinction between trustees, sponsors and fund managers, it is necessary to regulate frame
work for a clear demarcation between the role of constituents, such as shelter, trustee and fund manager to
protect the interest of the small investors.
7. Steps should be taken for funds to make fair and truthful disclosures of information to the investors, so that
subscribers know what risk they are taking by investing in Fund.
8. Infrastructure bottlenecks will have to be removed and banking and postal systems will have to be taken
place for growth of mutual funds.
9. Mutual funds need to take advantage of modern technology like computer and tele-communications to
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render service to the investors.
10. Mutual funds are made by investors and investor's interest ought to be paramount by setting standard of
behaviors and efficiency through self regularizations and professionalism.
Conclusion
With the structural liberalization policies no doubt Indian economy is likely to return to a high grow path in few
years. Hence mutual fund organizations are needed to upgrade their skills and technology. Success of mutual
fund however would bright depending upon the implementation of suggestions.
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Introduction
Insurance sector has not only been playing a leading role within the financial system across public and private
sectors in India but also has a significant socio economic function, making inroads into the interiors of the
economy and is being considered as one of the fast developing areas in the Indian financial sector . It has been
mobilizing long term savings through Life Insurance to support economic growth and facilitating economic
development, and also provide insurance cover to a large segment of people. Both public as well as private Life
Insurance sectors are found to be playing a significant role in avoiding or facing the risks of life and business
enterprises and also aiding to certain extents for their smooth sailing.
A key aspect in customer satisfaction is the way a customer can get satisfied or dissatisfied with a company's
service. If a company wants to satisfy its customers, the first problem is that it needs to know what it is that
satisfies customers and, equally important, what it is that makes customers dissatisfied with the company, its
products and services.
The Indian insurance industry has moved into a more competitive arena with the arrival of private players in the
market. Even though the public sector (LIC of India) reigns supreme in terms of market share, private
companies are gearing up to woo the customer. One of the most curious aspects of insurance services is that
customers expect quality and customization simultaneously. So now it is highly essential for both public sector
companies and private sector companies of life insurance sector to bring about quality improvement as the
tastes, preferences and requirements of customers are ever changing.
Life Insurance
Life Insurance is different from other insurance in the sense that, here, the subject matter of insurance is life of
human being. The insurer will pay the fixed amount of insurance at the time of death or at the expiry of certain
period. At present Life Insurance enjoys maximum scope because the life is the most important property of the
individual or the society. Each and every person requires the insurance. This insurance provides protection to
the family at premature death or gives adequate amount at the old age when earning capacities are reduced.
Under personal insurance a payment is made at the accident. The insurance is not only a protection but is a sort
of investment because a certain sum is returnable to the insured at the death or at the expiry of a period.
Statement of the Problem
The life insurance industry has come a long way since independence and Indian consumers till recently had
been dealing with only one life insurance player LIC. Both setting up of IRDA and entry of private players are
expected to revolutionize the insurance sector in India in coming few years. There have been drastic changes in
consumer preferences, tastes, standard of living and expectations. Now only those companies will survive
which can respond to the customer needs faster and better than any one. Nowadays customer care is an
approach of “Non Stop Caring” and it is going to be the Success Mantra for insurance service providers. This
situation has put a lot of service quality pressure on life insurance companies operating in both public as well as
private sector. The market leadership could be retained only by those companies which would be at par with
international standards. In View of above it is the need of time to have a deep and detail comparative study to
measure the satisfaction level of customers with Life insurance companies in public and private sector. This
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particular study deals with measuring and analyzing the level of satisfaction of clientele in public and private
life insurance companies.
Objectives of the Study: The major objectives of this study are as such:
1. To measure and compare the customer satisfaction level against services being offered by life insurance
companies in public and private sector.
2. To identify the areas in which deficiency in customer services are prevalent in both the sectors of life
insurance industry.
3. To recommend certain suggestions with respect to improving the customer services in Life Insurance.
Generalizations on the basis of Review of Literature
The previous studies conducted on life insurance show that this particular industry undoubtedly displays great
potential. These studies emphasized that although public sector is playing a dominating role in the market but
private players are showing considerable growth. The life insurance companies are coming with multi benefit
policies including tax benefits, innovative products, smart marketing and aggressive distribution and they have
realized the fact that quality services and customer satisfaction are going to be the most compelling agenda for
the coming years.
Research Methodology and Sampling
Nature of the Study
The research study falls in the category of descriptive research as it describes various parameters of measuring
customer satisfaction.
Scope
This study examines the customer satisfaction level in Life Insurance sector only. In public sector as only one
company i.e. Life Insurance Corporation of India is operating, so LIC of India will be representing public sector
in this particular study. At this time there are 20 private players in life insurance sector. Among all these
companies ICICI pru life insurance co. ltd. is having largest market share in terms of “total life insurance
premium earned (in crores)” during financial year 2007-08. So in this study ICICI pru life insurance co. ltd. will
be representing the private sector.
Sample Size
Public Sector: 50 (LIC of India)
Private Sector: 50 (ICICI Pru Life Insurance Co. Ltd.)
Sampling Area
Keeping in view the time and cost constraints, the scope of the study in terms of geographical area has been
restricted to the Ambala District in the state of Haryana.
Sampling Unit
The customers considered for the present study are the persons holding individual Life Insurance policies of
LIC of India (Public Sector) and ICICI pru life insurance co. ltd. (Private Sector).
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Sampling Technique
50 respondents (each from Public and Private sector) are selected on the basis of simple random sampling but
due care has been taken during the selection of sample units to ensure that sample must be a true representative
of the universe to the extent possible.
Data Collection
To conduct the study primary as well as secondary data is collected. To obtain primary data structured
questionnaires have been prepared for Customers of Life insurance companies. Secondary data has been
collected from Annual Reports of IRDA, Annual Reports of companies dealing in Life Insurance, Insurance
times, different books, magazines, newspapers, websites and other published notes etc.
The Data relating to following Satisfaction Parameters has been collected. These satisfaction parameters are
termed as 7 P's and are used for measuring Customer Satisfaction level.
Need oriented development of Product
Suitable Pricing decisions
Place of service delivery
Effective Promotional strategies
Professional approach by People (agents/ advisors)
Service Delivery Process
Physical evidence of quality services
Tools used for Analysis
The data is collected through questionnaires has been transferred to master table from which various tables
were prepared for further analysis. The data has been analyzed by applying the techniques of percentage and
charting.
Analysis and Interpretation
Based on the analysis of collected data following overall inferences could be drawn regarding Measurement of
Customer Satisfaction. For Measurement of Customer Satisfaction, parameters chosen were 7P's of service
marketing i.e. Product, Price, Place, Promotion, Place, Process and Physical evidence.
Product:
In the formulation of suitable product mix for the insurance business, it is essential that the insurance
companies should promote innovation and the product portfolio should include those services and schemes
which are required by customers and would bring a positive response in future. On the basis of data collected it
could be concluded that in public sector “Terms & conditions and Benefits” of life insurance policies are
unsatisfactory or highly unsatisfactory to only 8.00% customers whereas this ratio is quite higher i.e. 21.20% in
case of private sector. It clearly shows that although private sector companies are coming along with major new
plans and products but even then they are not able to cater the specific requirements of people.
Price:
In the insurance business, the pricing decisions are concerned with the premium charges against the policies,
interest charged for defaulting the payment of premium and credit facilities, commission charged for
underwriting and consultancy services. If a comparison is made between public and private sector, as many as
62.00% respondents feel highly satisfied or satisfied for premium charges in public sector but only 36.00%
respondents fall in this category (highly satisfied or satisfied) with regard to private sector. It clearly shows that
private sector companies are charging more but giving less in return. They need to pay a better value for money.
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Place:
As insurance services are normally provided by the agents or advisors of life insurance companies at the
customers place so “Place” i.e. distribution and contact location does not play any significant role in customer
satisfaction. So this particular study does not concentrate on this specific area.
Promotion:
The promotion mix of life insurance companies includes all its components i.e.(a) Advertising (b) Publicity (c)
Personal selling (d) Sales Promotion.
Out of the above four components, Personal selling and Advertising are most important components.
In order to measure customer satisfaction on the parameter of Advertising, the researcher asked the respondents
that how much is the matching between expectations about customer satisfaction created by advertisement of
these life insurance companies and services provided by them.
The results show that although a small percentage of customers (both in public and private sector) opted for
complete unmatch but there was a high ratio of customers (56.00% in public sector and 54.80% in private
sector) who found only a partial match and this can not said to be a satisfactory situation.
The researcher has also collected data for measuring the customer satisfaction on the basis of personal selling.
The results collected from public sector show that 56% respondents say that sometimes LIC agents give false
information or hide some relevant information for selling their policies and 8.6% respondents feel that it
happens “Quite often”. The results are more interesting in private sector where 46.40% respondents feel that
'sometimes' advisors from ICICI prudential life insurance co. ltd. give false information or hide information
and 20.80% respondents feel that it happens quite often.
In nutshell it could be said that overall situation is satisfactory but both of the sectors need to improve
continually on the promotional front.
People:
The management scientists make a strong advocacy in favor of managing the insurance personnel since they
identify people as an important component of marketing mix. The researcher asked customers to rate the
services of these life insurance companies on the basis of four components: Services by Agents/Advisors,
Services by Office, Behavior of Agents/Advisors and Behavior of Staff.
In case of Services by Agents/ Advisors, the results are quite in favor of public sector as only 9.00% customers
felt that these services were unsatisfactory and highly unsatisfactory but in private sector this ratio is
15.40%.This difference clearly shows that LIC of India invests in people by providing training and
development programmes. On the other hand private sector has still not reached that position with regard to
services by their advisors.
In case of Services by office, the results are quite in favor of private sector as only 12.00% customers felt that
these services were unsatisfactory and highly unsatisfactory but in public sector this ratio is 18.00%.
On deep analysis of data regarding the services of these companies on the basis of “Services by Office”, the
comparison shows that in public sector LIC of India agents have scored better than LIC of India office but on the
contrast in private sector, the services of ICICI prudential life insurance co. office have scored better as
compared to services by advisors.
The comparative study shows that public sector has shown good results as compared to private sector with
regard to satisfaction level of customers on the basis of Behavior of Agents/Advisors as in public sector only
1.80% customers are there who found the behavior of agents as unsatisfactory or highly unsatisfactory but this
ratio is 12.00% in private sector.
The comparative study shows that private sector has scored better than public sector on the basis of “Behavior
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of Staff” of these companies. This argument is based on the figures that in public sector 22.60% respondents
felt that behavior of LIC of India staff is unsatisfactory or highly unsatisfactory but in contrast this ratio is only
11.20% in private sector.
Process:
The actual procedure, mechanism and flow of activities by which the services are delivered can be termed as
“Process”.
The researcher has identified four major areas where a customer has to undergo a process namely- purchase of
new policy, getting routine services, maturity claim settlement and death claim settlement .
The comparative study of public and private sector shows that the satisfaction level of customers on the
parameter “Process of purchase of new policy” is quite high in public sector as compared to private sector. The
fact is revealed by the figures as 7.20% respondents felt this process to be unsatisfactory or highly
unsatisfactory in private sector as compared to 3.00% in case of public sector.
Regarding satisfaction towards “Process for getting routine services” the comparative study shows that in both
public sector as well as private sector, the level of satisfaction is low. The statistic show that as many as 16.00%
respondents felt the process of getting routine service as unsatisfactory or highly unsatisfactory in private
sector and 17.60% with regard to LIC of India i.e. public sector.
The comparative study of public sector and private sector shows that there are as many as 15.60% people who
felt the process for maturity claim settlement of public sector as unsatisfactory or highly unsatisfactory but this
percentage of dissatisfaction is quite high in private sector i.e. 28.40%
The comparative study of public and private sector shows that the level of satisfaction is quite low in private
sector as compared to public sector on the parameter “Process of death claim settlement. The data reveals that in
private sector as many as 35.20% customers felt that services of ICICI prudential life insurance co. ltd. are
unsatisfactory or highly unsatisfactory with regard to process of death claim settlement but this percentage is
19.20% in case of public sector.
Physical Evidence
As services are intangible, customers often rely on tangible clues or physical evidence, to evaluate the service
before its purchase and to assess their satisfaction with the service during and after consumption. The
researcher asked the people to rate the services on the basis of physical evidence including paper and print
quality of application forms, bonds etc. as a part of physical evidence.
The comparative study shows that private sector is providing better physical evidences as compared to public
sector. The reason being that all the private sector companies have entered in life insurance sector after 1999
and are having better and newer exterior and interior outlooks of their offices as compared to public sector. Also
the private sector companies are using better quality of printing and paper to attract customers whereas in most
places LIC of India is having old offices using same kind of stationary.
Conclusion
The comparative study shows that public sector has shown good results as compared to private sector with
regard to customer satisfaction level in the area of Life insurance. Although private sector companies are
putting their best efforts and are coming along with major new plans and products but even then they are not
able to cater the specific requirements of people. They need to pay a better value for money. It could be done
either by adding more benefits to products and with more effective management of services. Overall it could be
concluded that although Public sector is having a strong position in market regarding quality of its services and
customer satisfaction but it is to be remembered that the rising expectations of the policy holders emerging from
128

SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

Customer Satisfaction in Life Insurance Sector

New life style and economic environment are important challenges to both the sectors.
Suggestions
— The delivery of services is purely based on the human element, hence the employees and agents are needed
to be given frequent orientations related to service delivery and customer handling.
— All the customers must be given due respect, acceptance of their complaints and enquiry irrespective of their
demographic status.
— The employees should excellent service in such a way that the customer should feel that they are, by all
means, important to the organization. This would make them loyal customers.
— The agents/ advisors must indulge in creating confidence, trust and spend time to understand the needs of the
customer rather than be keen on selling the product.
— The product mix should be in the face of innovative product strategy. Pension plans and policies for rural
segment have wide scope.
— Apart from traditional means of promotion, newer methods like telemarketing and e- promotion should be
adopted.
By focusing on above stated suggestions, life insurance companies can move towards a true service culture
where an appreciation for good service exists.
Bibliography
1. Appi Reddy.V and Narasimha murthy.G, “Customer services in LIC-A case study”, Indian Journal of
marketing,Feb-March 1996, Vol.XXV, No.2-3,pp.18-22.
2. Hasanbanu, S and Nagajothi, R.S. (2007), “A Study on the Insurance Perspectives in Uthamapalayam
Taluk”, Indian Journal of Marketing , May, pp 10-15
3. Krishna Chaitanya.V, “Liberlisation, Privatization and Globalisation of Insurance Sector in India”, GITAM
Journal of Management, Jan 2005, Vol.3, No.2, pp.104-122.
4. Pandey K. C. (2005), “Insurance Sector: Changing with time”, www.myicwai.com/manacc/january 05.pdf
5. Sinha, R. P. (2007), “Premium Income of Indian Life Insurance Industry”, ICFAI Journal of Financial
Economics, Vol. V, No. 1, March , pp 61-69
6. Sinha, Tapan (2004), “The Indian Insurance Industry- Challenges and Prospectes” , www.unpan1.un.org
/intradoc/groups/public/documents.pdf
7. Vijaykumar, A. (2005) “Globalization of Indian Insurance Sector
Issues and Challenges”,
www.myicwai.com/knowledge/fm 05.pdf

SGI Reflections - International Journal of Science, Technology & Management,

Vol.-2, Issue-2, December 2010

ISSN 0976-2140

129

Control of Heating Systems in Process Industry
Mohan Kashyap,
M.Tech. (EE) Student
GNDEC, Ludhiana

Jaswinder Singh,
Head, Electrical Engg. Deptt,
GNDEC, Ludhiana

Bhanu Partap Singh
A.P., Institute of Instrumentation
Engg, KUK.

Abstract
Thermal efficiency of process heating equipment such as furnaces, ovens, melters and heaters is the ratio of
heat delivered to a material and heat supplied to the heating equipment. For most heating equipment, a large
amount of the heat supplied is wasted in the form of exhaust or flue gases. These losses depend on various
factors associated with the design and operation of the heating equipment. The set of proposed rules in this
paper may help plant operators in reducing waste heat losses associated with the heating equipment by using
Fuzzy Logic Control. A closed loop control system incorporating fuzzy logic has been developed for a class of
industrial temperature control problems. A unique fuzzy logic controller (FLC) structure with an efficient
realization and a small rule base that can be easily implemented in existing industrial controllers is proposed.
This paper also demonstrates the potential of FLC in software simulation in an industrial setting including
compensation for thermo mass changes in the system, dealing with unknown and variable delays & operating at
very different temperature set points. It is achieved by implementing, in FLC, a classical control strategy to
compensate for the dynamic changes in the system.
Introduction
Conventional proportionalintegralderivative (PID) controllers have been well developed and applied for about
half a century and are extensively used for industrial automation and process control today. The main reason is
due to their simplicity of operation, ease of design, inexpensive maintenance, low cost, and effectiveness for
most linear systems. Recently, motivated by the rapidly developed advanced microelectronics and digital
processors, conventional PID controllers have gone through a technological evolution, from pneumatic
controllers via analog electronics to microprocessors via digital circuits. However, it has been known that
conventional PID controllers generally do not work well for nonlinear systems, higher order and time-delayed
linear systems, and particularly complex and vague systems that have no precise mathematical models. To
overcome these difficulties, various types of modified conventional PID controllers such as auto tuning and
adaptive PID controllers were developed lately. The complexity of these problems & the difficulties in
implementing conventional controllers to eliminate variations in PID tuning motivate us to investigate
intelligent control techniques such as fuzzy logic as a solution to controlling systems in which time delays, non
linearities & manual tuning procedures need to be addressed.
While modern control theory has made modest in read into practice, fuzzy logic control has been rapidly
gaining popularity among practicing engineers. This increased popularity can be attributed to the fact that fuzzy
logic provides a powerful vehicle that allows engineers to incorporate human reasoning in the control
algorithm. As opposed to the modern control theory, fuzzy logic design is not based on the mathematical model
of the process. The controller designed using fuzzy logic implements human reasoning that has been
programmed into fuzzy logic language (membership functions, rules & rule implementation). Starting in the
early 90s, the Applied Research Control Lab. at Cleveland State University supported by industry partners
initiated a research program investigating the role of fuzzy logic in industrial control. The primary question at
that time was: What the fuzzy logic control does that the conventional control cannot do.
This paper introduces fuzzy logic control (one of the Intelligent Control Technique) as an alternative control
strategy to the current proportional-integral-derivative method widely used in a process industry say Sugar
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Industry. Consider a generic temperature control application shown in Fig.1
The temperature is measured by a suitable sensor such as Thermocouples, Resistive Thermal Devices (RTD's),
Thermistors, etc. and converted to a signal acceptable to the controller. The controller compares the
temperature signal to the desired set point temperature and actuates the control element. The control element
alters the manipulated variable to change the quantity of heat being added to or taken from the process. The
objective of the controller is to regulate the temperature as close as possible to the set point as possible [4]. Fig.2
gives the working view of a sugar factory showing the large steam pipes in which steam flows at high pressure
[10].

Fig.1. A typical industrial temperature control problem

Fig.2. Working view of a sugar factory
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A. Motivation
Currently, the classical PID (Proportional, Integral and Derivative) control is widely used with its gains
manually tuned based on the thermal mass and the temperature set point. Equipment with large thermal
capacities requires different PID gains than equipment with small thermal capacities. In addition, equipment
operation over wide ranges of temperatures (140º to 500º), for example, requires different gains at the lower and
higher end of the temperature range to avoid overshoots and oscillation. This is necessary since even brief
temperature overshoots, for example, can initiate nuisance alarms and costly shut downs to the process being
controlled. Generally, tuning the Proportional, Integral, and Derivative constants for a large temperature
control process is costly and time consuming. The task is further complicated when incorrect PID constants are
sometimes entered due to the lack of understanding of the temperature control process.
The difficulty in dealing with such problems is compounded with variable time delays existed in many such
systems. Variations in manufacturing, new product development and physical constraints place the RTD
temperature sensor at different locations, inducing variable time delays (dead time) in the system. It is also well
known that PID controllers exhibit poor performance when applied to systems containing unknown
nonlinearity such as dead zones saturation and hysteresis. It is further understood that many temperature
control processes are nonlinear. Equal increments of heat input, for example, do not necessarily produce equal
increments in temperature rise in many processes, a typical phenomenon of nonlinear systems. The complexity
of these problems and the difficulties in implementing conventional controllers to eliminate variations in PID
tuning motivate us to investigate intelligent control techniques such as fuzzy logic as a solution to controlling
systems in which time delays, nonlinearities, and manual tuning procedures need to be addressed.
A. The Time Delay Problem and Existing Solutions
To study the temperature control problem using classical control techniques, a simplified block diagram, in
Fig.3 is used, where C(s) represents the controller and G(s) e-sτ the plant with a pure time delay of τ. It is well
known that the time delay makes the temperature loops hard to tune. The time delay problem may be
characterized by large and small delays. A linear time invariant system with finite delay τ can be modeled as
G(s) e-sτ where G(s) is a rational transfer function of s. Note that the delay corresponds to a phase shift of -ωτ,
where ω denotes the frequency. Small phase shifts at frequencies of interest may be viewed as perturbations and
incorporated into a delay free design with sufficient phase margin. A large delay is classified as a delay that
significantly affects the stability and phase margins to the point that delay free design methods will not be
sufficient.

Fig.3. A Closed Loop Temperature Control System
A number of time delay compensation and prediction schemes have been developed and/or improved with
modifications. Performance of Smith Predictor Control (SPC) was studied experimentally. It shows that the
system performs well if the process model is accurate but that performance degrades rapidly with inaccuracy in
the process parameters and time delay. Clearly for an unknown or variable time delay, Smith predictive
compensation is no longer a viable technique. Several control design methods for systems with varying time
delays have appeared in recent literature including an estimation and self-tuning method proposed by Brone
and Harris, a variable structure controller by Shu and Yan and a model reference adaptive approach by Liu and
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wang, to name a few.
For systems with large time delays, most design approaches use a prediction mechanism as part of the
controller to simulate the process for given system parameters and time delay. In the well known Smith
predictor, the controller output is fed through models of the process with delay and the process without delay,
respectively. The difference of the output signals is added to the actual plant output and then fed back to the
controller, thus allowing the controller to act on the prediction of the plant output. Using this well known time
delay compensation technique on a simple first order plant in an industry standard PID controller such as
Bailey's Infi-90 single loop controller is still not an easy task. The predictor parameters including the plant gain,
time constant, and time delay, in addition to the three PID parameters must be determined. These six parameters
used in a predictive compensator increase tuning and operational complexity on even the simplest plants. The
additional complexity of the Smith predictor is the main reason industry still uses non predictive PI or PID
control for time delay using tuning methods such as Ziegler-Nichol's method [4].
A. Fuzzy Logic Control
Fuzzy control is an appealing alternative to conventional control methods when systems follow some general
operating characteristics and a detailed process understanding is unknown or traditional system models
become overly complex. The capability to qualitatively capture the attributes of a control system based on
observable phenomena is a main feature of fuzzy control. These aspects of fuzzy control have been
demonstrated in various research literature and commercial products from vendors like Reliance Electric and
Omron. The ability of fuzzy logic to capture system dynamics qualitatively and execute this qualitative idea in a
real time situation is an attractive feature for temperature control systems. Of course, fuzzy logic control has its
own limitations. The analytical study of fuzzy logic is still trailing its implementation and much work is still
ahead, particularly in the area of stability and performance analysis. Furthermore, as solutions to practical
problems, fuzzy logic control design is problem dependent and the adaptation of an existing fuzzy logic
controller to a different control problem is not straightforward. The available design tools such as the Fuzzy
Toolbox provided by Math works Inc. generally require further improvements before they become acceptable
to control engineers. The validity of fuzzy logic control as an alternative approach in temperature control
applications is investigated.
Fuzzy Logic Control Theory has been used to simulate the Heat Exchanger Temperature Control System (one
of the Industrial Temperature Control System) used in a process industry say Sugar Industry.
I. Fuzzy Logic Control Design
Fuzzy Logic:
In a narrow sense, the term fuzzy logic refers to a system of approximate reasoning but its widest meaning is
usually identified with a mathematical theory of classes with unclear or “fuzzy” boundaries. Control systems
based on fuzzy logic are used in many consumer electronic devices in order to make fine adjustments to
changes in the environment. Fuzzy logic concepts and techniques have also been profitably used in linguistics,
the behavioral sciences, the diagnosis of certain diseases and even stock market analysis.
Fuzzy sets:
Most concepts used in everyday language such as “high temperature” are not clearly defined. In 1965 Lotfi
Zadeh, an engineering professor at the University of California at Berkeley, proposed a mathematical definition
of those classes that lack precisely defined criteria of membership. Zadeh called them fuzzy sets. Membership
in a fuzzy set may be indicated by any number from 0 to 1, representing a range from “definitely not in the set”
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through “partially in the set” to “completely in the set.” For example, at age 45 a man is neither very young nor
very old. This makes it difficult in traditional logic to say whether or not he belongs to the set of “old persons.”
Clearly he is “sort of” old, a qualitative assessment that can be quantified by assigning a value, or degree of
membership, between 0 and 1say 0.30for his inclusion in a fuzzy set of old persons.
Fuzzy sets are a generalization of ordinary sets, and they may be combined by operations similar to set union,
intersection and complement. However, some properties of ordinary set operations are no longer valid for fuzzy
sets. For instance, the intersection of a fuzzy subset and its complement may be nonempty. In a logic based on
fuzzy sets, the principle of the excluded middle is therefore invalid. Fuzziness as defined by Zadeh is no
statistical in natureit represents vagueness due to human intuition, not uncertainty in the probabilistic sense.
Membership in a fuzzy set is usually represented graphically. Membership functions are determined by both
theoretical and empirical methods that depend on the particular application and they may include the use of
learning and optimization techniques.
Fuzzy control:
In technical applications, fuzzy control refers to programs or algorithms using fuzzy logic to allow machines to
make decisions based on the practical knowledge of a human operator. The fundamental problem of automatic
control is that of determining the appropriate response of the system, or production plant, for any given set of
conditions. Conventional control techniques are based on explicit mathematical descriptions of the system,
typically a set of differential equations involving a small number of variables. Fuzzy control, on the other hand,
does not require an exact theoretical model but only the empirical knowledge of an experienced operator. This
knowledge is then expressed as a set of linguistic rules of the form “if [present conditions], then [action to be
taken].” For example, “if temperature is low and image density is high, then electric charge should be medium”
is one of nine linguistic rules governing the smooth operation of a photocopier. The ambiguous termslow
temperature and high densityare represented as fuzzy sets, and the various linguistic rules are represented as
mathematical relations between these sets. The control strategy can then be encoded as an algorithm or
computer program. During the operation of the machine, sensors measure the current values of the input
variables (temperature and image density, in this case), and a computer or electronic chip then determines the
appropriate values of the action variables (e.g., electric charge).
E.H. Mamdani, while a lecturer at Queen Mary College, London, working in the design of learning systems, is
credited with implementing the first fuzzy logic controller in the early 1970s. Mamdani and his student Seto
Assilian wrote down 24 linguistic rules for controlling the operation of a small steam engine and boiler
combination. They then used fuzzy sets to translate these linguistic rules into an algorithm that successfully
controlled the system, thus demonstrating the power of the new approach.
A. Advantages of using Fuzzy Logic
Here is a list of general observations about fuzzy logic [9].
— Fuzzy logic is conceptually easy to understand.
The mathematical concepts behind fuzzy reasoning are very simple. What makes fuzzy nice is the
“naturalness” of its approach and not its far-reaching complexity.
— Fuzzy logic is flexible.
With any given system, it's easy to manage it or layer more functionality on top of it without starting again from
scratch.
— Fuzzy logic is tolerant of imprecise data.
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Everything is imprecise if we look closely enough, but more than that, most things are imprecise even on
careful inspection. Fuzzy reasoning builds this understanding into the process rather than tacking it onto the
end.
— Fuzzy logic can model nonlinear functions of arbitrary complexity.
We can create a fuzzy system to match any set of input-output data. This process is made particularly easy by
adaptive techniques like ANFIS (Adaptive Neuro-Fuzzy Inference Systems) which are available in the Fuzzy
Logic Toolbox.
— Fuzzy logic can be built on top of the experience of experts.
In direct contrast to neural networks, which take training data and generate opaque, impenetrable models, fuzzy
logic lets us stand on the shoulders of people who already understand our system.
— Fuzzy logic can be blended with conventional control techniques.
Fuzzy systems don't necessarily replace conventional control methods. In many cases fuzzy systems augment
them and simplify their implementation.
— Fuzzy logic is based on natural language.
The basis for fuzzy logic is the basis for human communication. This observation underpins many of the other
statements about fuzzy logic.
The last statement is perhaps the most important one and deserves more discussion. Natural language, that
which is used by ordinary people on a daily basis, has been shaped by thousands of years of human history to be
convenient and efficient. Sentences written in ordinary language represent an efficient communication. We are
generally unaware of this because ordinary language is, of course, something we use every day. But since fuzzy
logic is built with the structures of everyday language, it not only makes it easy for us to use it (since fuzzy logic
more closely “speaks our language”) but it also takes advantage of the long history of natural language. In other
words, language is a fuzzy logic tool the human race has spent a hundred generations developing. Clear
language is about getting at the big picture. Fuzzy logic keeps you from bogging down in unnecessary detail.
It's all a matter of perspective.
B. Problems & Limitations of using Fuzzy Logic
Problems & limitations of fuzzy systems include [1]:
(a) Stability: There is no theoretical guarantee that a general fuzzy system does not go chaotic & stays stable.
(b) Learning Capability: Fuzzy systems lack capabilities of learning & have no memory.
(c) Determining or tuning good membership functions & fuzzy rules are not always easy. Even after extensive
testing, it is difficult to say how many membership functions are really required.
(e) There exists a general misconception of the term fuzzy as meaning imprecise or imperfect.
(f) Verification & validation of a fuzzy expert system generally requires extensive testing with hardware in the
loop.
C. Fuzzy Sets & Crisp Sets
The very basic notion of fuzzy systems is a fuzzy (sub) set. In classical mathematics, we are familiar with what
we call crisp sets. For example, the possible interferometric coherence g values are the set X of all real numbers
between 0 and 1. From this set X a subset A can be defined (e.g. all values 0 ≤ g ≤ 0.2). The characteristic
function of A (i.e. this function assigns a number 1 or 0 to each element in X depending on whether the element
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is in the subset A or not) is shown in Fig.4. The elements which have been assigned the number 1 can be
interpreted as the elements that are in the set A and the elements which have assigned the number 0 as the
elements that are not in the set.

Fig.4. Characteristic Function of a Crisp Set
This concept is sufficient for many areas of applications but it can easily be seen that it lacks in flexibility for
some applications like classification of remotely sensed data analysis. For example it is well known that water
shows low interferometric coherence g in SAR images. Since g starts at 0, the lower range of this set ought to be
clear. The upper range, on the other hand, is rather hard to define. As a first attempt, we set the upper range to
0.2. Therefore we get B as a crisp interval B = [0, 0.2]. But this means that a g value of 0.20 is low but a g value of
0.21 not. Obviously, this is a structural problem, for if we moved the upper boundary of the range from g =0.20
to an arbitrary point we can pose the same question. A more natural way to construct the set B would be to relax
the strict separation between low and not low. This can be done by allowing not only the (crisp) decision
Yes/No, but more flexible rules like ” fairly low”. A fuzzy set allows us to define such a notion. The aim is to use
fuzzy sets in order to make computers more 'intelligent', therefore, the idea above has to be coded more
formally. In the example, all the elements were coded with 0 or 1. A straight way to generalize this concept is to
allow more values between 0 and 1. In fact, infinitely many alternatives can be allowed between the boundaries
0 and 1, namely the unit interval I = [0, 1]. The interpretation of the numbers, now assigned to all elements is
much more difficult. Of course, again the number 1 assigned to an element means that the element is in the set B
and 0 means that the element is definitely not in the set B. All other values mean a gradual membership to the set
B. This is shown in Fig. 5. See [8].

Fig.5. Characteristic Function of a Fuzzy Set
The membership function is a graphical representation of the magnitude of participation of each input. It
associates a weighting with each of the inputs that are processed, define functional overlap between inputs, and
ultimately determines an output response.
The rules use the input membership values as weighting factors to determine their influence on the fuzzy output
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sets of the final output conclusion.
The membership function, operating in this case on the fuzzy set of interferometric coherence g, returns a value
between 0.0 and 1.0. For example, an interferometric coherence g of 0.3 has a membership of 0.5 to the set low
coherence (see Fig. 5). It is important to point out the distinction between fuzzy logic and probability. Both
operate over the same numeric range and have similar values: 0.0 representing False (or non-membership), and
1.0 representing True (or full-membership). However, there is a distinction to be made between the two
statements: The probabilistic approach yields the natural-language statement, “There is a 50% chance that g is
low,” while the fuzzy terminology corresponds to”g's degree of membership within the set of low
interferometric coherence is 0.50.” The semantic difference is significant: the first view supposes that g is or is
not low; it is just that we only have a 50% chance of knowing which set it is in. By contrast, fuzzy terminology
supposes that g is “more or less” low, or in some other term corresponding to the value of 0.50.
D. Two input Single output Controller
The two Fuzzy Logic Control Design consists of setting up of membership functions adequately representing
the input & output Universe of Discourses & development of rules to achieve desired performance. The FLC
developed here is a two-input single-output controller. The two inputs are error, e (k) and error rate, Δe (k). The
FLC is implemented in a discrete-time form using a zero-order-hold as shown in Fig.6a. The operational
structure of the Fuzzy controller is shown in Fig.6b. See [4].

Fig.6. Fuzzy Logic Control System
A.
Fuzzification/Defuzzification
Fuzzification and defuzzification involve mapping the fuzzy variables of interest to "crisp" numbers used by
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the control system. Fuzzification translates a numeric value for the error, e(k) or error rate, Δe(k) into a
linguistic value such as positive large with a membership grade. Defuzzification takes the fuzzy output of the
rules and generates a "crisp" numeric value used as the control input to the plant.
The FLC membership functions are defined over the range of input and output variable values and
linguistically describes the variable's universe of discourse as shown in Fig.6. The triangular input membership
functions for the linguistic labels zero, small, medium and large, had their membership tuning center values at
0, 0.2, 0.35, and 0.6, respectively. The universe of discourse for both e and Δe may be normalized from -1 to 1, if
necessary. The left and right half of the triangle membership functions for each linguistic label was chosen to
provide membership overlap with adjacent membership functions. The straight line output membership
functions for the labels zero, small, medium, and large are defined as shown in Figure 6 with end points
corresponding to 10, 30, 70 and 100% of the maximum output, respectively. Both the input and output variables
membership functions are symmetric with respect to the origin.
Selection of the number of membership functions and their initial values is based on process knowledge and
intuition. The main idea is to define partitions over the plant operating regions that will adequately represent the
process variables [4].
The FLC's rules are developed based on the understanding of how a conventional controller works for a system
with a fixed time delay. The rules are separated into two layers: the first layer of FLC rules mimics what a simple
PID controller would do when the time delay is fixed and known; the second rule layer deals with the problem
when the time delay is unknown and varying. In developing the first layer rules, consider the first order plant,
G(s) e-sτ, where
G(s) = a/(s+a). In the PID design, the following assumptions are made:
–
–
–
–

The time delay τ is known.
The rise time, tτ is known.
tτ is significantly smaller than τ.
The sampling interval is Ts.

(A)

Fig.7. Fuzzy Membership Functions
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u (k) = u(k - 1) + Δu(k )

(1)

Where Δu (k) = f (e, Δe) is computed by a discrete-time PI algorithm. This control algorithm was applied to a
first order plant with delay. Initial tuning of PI parameters was carried out by using the Ziegler-Nichols method.
The step response obtained has about a 20% overshoot for a fixed time delay. Next a fuzzy logic control law was
set up where Δu (k) = f (e, Δe), the output of the FLC for the kth sampling interval replaces f (e, Δe) in the
incremental controller described in (1). The rules and membership functions of the FLC have been developed
using an intuitive understanding of what a PI controller does for a fixed delay on a first order system. They
generalized what a PI controller does for each combination of e and Δe in 12 rules as shown in TABLE 1
(Shaded Areas Represent Zero Control Action).
The output from each rule can be treated as a fuzzy singleton. The FLC control action is the combination of the
output of each rule using the weighted average defuzzification method and can be viewed as the center of
gravity of the fuzzy set of output singletons.
TABLE 1
FLC CONTROL RULES

A. Tuning of Membership Functions in Design Stage
Since there is little established theoretical guidance, the tuning of rules and membership functions in the design
stage is largely an iterative process based on intuition. The membership functions are tuned subject to the
stability criteria based on observations of system performance such as rise time, overshoot, and steady state
error. The number of membership functions can vary to provide the resolution needed. Note that the number of
rules can grow exponentially as the number of input membership functions increases. The input membership
functions for e and Δe generate 64 combinations which can be grouped into twelve regions corresponding to
each rule in TABLE 1. The center and slopes of the input membership functions in each region is adjusted so
that the corresponding rule provides an appropriate control action. In case when two or more rules are fired at
the same time, the dominant rule that is the rule corresponding to the high membership grade, is tuned first.
Modifying the output membership function adjusts the rules contribution relative to the output universe of
discourse. Once input membership rule tuning is completed, fine-tuning of the output membership functions is
performed to achieve the desired performance. Although this FLC is constructed based on the assumption that
the time delay is fixed and known, the only element of the controller that is a function of the delay is the universe
of discourse for the output. It is shown below that with some adjustment and extra rules, the FLC can be made to
adapt to an unknown nature or change in delay.
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G. Self Tuning
The FLC structure presented above can be directly modified to compensate for changes in the plant dynamics
and variable time delays by adding a second layer of self tuning rules to the FLC. The discussion is limited to
adding the self tuning function to the FLC in the presence of variable time delay.
In the case of varying time delay, the FLC gain must be adjusted to offset the effects of the changes in delay. It is
shown that the maximum gain or control action is inversely proportional to the time delay. Therefore, if the
delay increases, we should decrease the FLC gain to reduce the control action, and vice versa. Based on this
relationship, the system performance can be monitored by a second layer of rules that adapts the output
membership functions of the first layer of rules to improve the performance of the fuzzy controller.
Consider an output membership function tuned for a nominal delay. When the true system time delay is larger
than the nominal delay, the control action determined by the nominal delay causes the control output to be too
large for the true system. This condition effectively increases the controller gain and as the difference between
the true and nominal delay becomes large, system stability problems could arise. Conversely, when the true
delay is smaller than the nominal delay, the controller gain will be too small and the system becomes sluggish.
The output membership functions (see Fig.7) of the FLC are defined in terms of the maximum control action. A
viable mechanism to compensate for a varying time delay is to adjust the size of the control action under the
assumption that the number of control rules remains fixed and the linguistic control strategy is valid for
different values of time delay. These conditions are reasonable given the plant parameters are known and that
the control strategy developed is based on a plant with delay. To adjust the FLC on-line for systems with varying
time delay, a second layer of six rules was added as an adaptation mechanism to modify the output membership
function used by the first layer rules with a scaling factor. This effectively changes the FLC control output
universe of discourse (i.e., the maximum control action) based on system performance. These rules adjust the
FLC output based on rise time and overshoot. The overshoot is monitored and classified as large (L), medium
(M) and small (S). It is observed that changes in overshoot are indicative of a change in time delay. A longer
delay results in a larger overshoot. Such effects can be alleviated by reducing the output scaling factor
appropriately. Rise time performance is classified as Very Slow (VS), Medium Slow (MS) and Slightly Slow
(SS) and an increase in the output scaling factor can help to speed up the response.
The design strategy for the second layer of rules is based on two different aspects of tracking performance i.e.
rise time and overshoot calculated from (e, Δe). The second layer rules are listed in TABLE 2. They monitor the
plant response and reduce or increase the FLC controller output universe of discourse. The fuzzy membership
functions are defined using a membership configuration similar to the control strategy in Fig.7. The adjustment
rules perform two actions; they reduce the FLC gain when the plant is significantly overshooting the desired
response and increase the gain when rise time performance is slow.
E. Remark
A unique fuzzy control system is presented in this section. Although a PI controller is used as a guideline for
setting up the FLC, it by no means limits its ability to perform more complicated tasks. Similar approaches can
be used to set up a FLC that mimics more complex controllers. The emphasis here, however, is to deal with
unknown dynamics and variable time delay problems which we have difficulty with using analytical
approaches.
TABLE 2
FLC OUTPUT ADJUSTMENT
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G. Self Tuning

I. Application Areas
Fuzzy systems have been used in a wide variety of applications in engineering, science, business, medicine,
psychology and other fields. For instance, in engineering, some potential application areas include the
following [2]:
– Aircraft/spacecraft: Flight control, engine control, failure diagnosis, navigation, and satellite attitude
control.
– Automated highway systems: Automatic steering, braking, and throttle control for vehicles.
– Automobiles: Brakes, transmission, suspension and engine control.
– Autonomous vehicles: Ground and underwater.
– Manufacturing systems: Scheduling and deposition process control.
– Power industry: Motor control, power control distribution and load estimation.
– Process control: Temperature, pressure and level control, failure diagnosis, distillation column control and
desalination processes.
– Robotics: Position control and path planning.
III. Software Simulation
The Fuzzy Logic Controller developed above is simulated for the heat exchanger control system shown below
in fig. 8(a) and heat exchanger control loop is shown in fig. 8(b).
The outlet temperature of the process fluid (cane juice), θ(t)0C is to be controlled by adjusting the steam flow
at its desired value or set point, θr0C in the presence of disturbances in the process fluid flow, qm(t) kg/sec
flowing inside the tubes of the heat exchanger and inlet temperature, θi(t)0C . The steam flow, qms(t) kg/sec,
condensing on the outside of the tubes, is the variable that can be adjusted to control the outlet temperature, as it
determines the amount of energy supplied to the process fluid. In addition to counteracting the effects of
disturbances, the control system will be called upon to follow the commands for change in the outlet
temperature of the process fluid. The temperature/pressure of the fluids will also affect the delay.

Fig.8 (a) Heat Exchanger Temperature Control System
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The first step in the design is the selection of the temperature sensor and steam-valve actuator. For temperature
measurement, we select an intelligent sensor which has, in addition to the basic device such as a thermocouple,
a signal processing circuit which takes the output from the thermocouple and converts it to a current signal that
is proportional to the temperature. The signal processing circuit includes an amplifier and a filter. For steam
valve adjustments, we select a pneumatic actuator which can provide large output power. Since the valve
actuator must be operated by air pressure and the sensor generates electric current signals, a current to pressure
transducer is also required in the feedback loop.
The feedback control scheme works as follows: the measured controlled variable as compared with the setpoint; Kr in Fig. represents the conversion of set-point scale. The controller generates a control signal, u (t), on
the basis of the difference between the measurement and set point. The control signal is then connected to the
pneumatic actuator of the steam valve through an electro pneumatic device-a current to pressure transducer.
The function of the valve actuator is to position the valve in proportion to the control signal. The steam flow is
then a function of the valve position. If the design is to be carried out analytically, a transfer function description
of the feedback system must be found. Let us now find the transfer function model of each block starting with
the heat exchanger.
The heat exchanger consists of three blocks, one for each of its three inputs. Gp(s) is the process transfer
function relating the outlet temperature to the steam flow, N1(s) is the process transfer function relating the
outlet temperature to disturbance in process fluid flow & N2(s) is the process transfer function to disturbance in
inlet temperature.
The block diagram of temperature control loop as proposed is shown below in fig.9. θr is the change in set point
value from initial setting, θi is the deviation in process fluid temperature from nominal value, qm is the
deviation in process fluid flow from nominal value, θ is the deviation in outlet temperature from nominal value
and qms is the deviation in steam flow rate from nominal value.

Fig.9 Model of Heat Exchanger Control Loop
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A. Simulation Results
The Fuzzy Logic Controller is applied to the plant described above in fig.8 (a) with a transfer function model
given in fig.8 (b). It is simulated for the above Heat Exchanger Control System. Simulation with FLC is done
with rules, FIS editor, rule editor, rule viewer, surface viewer and membership function editor as shown in
fig.10.

Fig. 10(a) FIS Editor

Fig. 10(b) Membership Function Editor for input 1
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Fig. 10(c) Membership Function Editor for input 2

Fig. 10(d) Membership Function Editor for input 3
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Fig. 10(e) Membership Function Editor for Control Output 1

Fig. 10(f) Rule Editor
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Fig. 10(g) Rule Viewer

Fig. 10(h) Surface view
Fig. 10 Fuzzy Logic Controller Parameters
(FIS editor, Rule editor, Rule & Surface viewer and Membership function editor)
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IV.
Conclusion
Unlike some fuzzy controllers with hundreds or even thousands of rules running on dedicated computer
systems, a unique FLC using a small number of rules & straightforward implementation is proposed to solve a
class of temperature control problems with unknown dynamics or variable time delays commonly found in
industry. Additionally, the FLC can be easily programmed into many currently available industrial process
controllers. The FLC simulated here is based upon a heat exchanger temperature control problem & promising
results obtained can be applied to an entirely different industrial temperature apparatus. The FLC exhibits
robust performance for plants with significant variation in dynamics.
Acknowledgement: The authors would like to express appreciations to anonymous reviewers who made
numerous suggestions that helped to improve the manuscript. They also would like to thank Dr. Rajesh Goel,
Ph.d (ECE) for his technical support for the research.
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