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Theme of the conference 

 

The basic objective of this conference is to bring together at one 

platform the Researchers, Scientists, and Industrial Personnel from all 

over the world working in core areas of Artificial Intelligence and 

Soft Computing as well as their applications in various fields related 

to intelligent computational approaches.  

Since the basic question pondered by Alan Turing – “Can machines 

think?”, we have come a long way in the field of Artificial 

Intelligence. AI research is divided by several technical issues. There 

are subfields which are focused on the solution of specific problems, 

on one of several possible approaches, on the use of widely differing 

tools and towards the accomplishment of particular applications. The 

central problems of AI include such traits as reasoning, knowledge, 

planning, learning, communication, perception and the ability to move 

and manipulate objects. General intelligence (or "strong AI") is still 

among the field's long term goals. Currently popular approaches 

include statistical methods, computational intelligence and traditional 

symbolic AI. There are an enormous number of tools used in AI, 

including versions of search and mathematical optimization, logic, 

methods based on probability and economics, agents and many others.  

Soft computing techniques endeavour to find efficient methods that 

allow us find inexact solutions to computationally hard problems. The 

field has benefited a lot by deriving inspiration from nature and 

biological systems. Soft computing deals with imprecision, 

uncertainty, partial truth, and approximation to achieve practicability, 

robustness and low solution cost. Components of soft computing 

include: Neural networks, Fuzzy logics, Evolutionary computation, 

Meta heuristics, Swarm Intelligence, Ant colony optimization, Bees 

algorithm, Bat algorithm, Cuckoo search, Harmony search, Firefly 



algorithm, Artificial immune systems, Particle swarm optimization 

etc.  

We received an overwhelming response to the conference and after 

review ….. papers coming from diverse fields have been selected for 

presentation in the conference and inclusion in the proceedings.  

We hope the participants will benefit from rich exchange of ideas and 

deliberations of the experts from India and abroad.  

R B Mishra  

K K Shukla 

  



 

 

 

Inaugural Session 



 

 

 

   

Valedictory Session 



Dr. Valentina E. Balas  

 

 

She is the Editor-in Chief to International Journal of Advanced Intelligence Paradigms (IJAIP), 

member in Editorial Board member of several national and international journals and is 

evaluator expert for national and international projects.  

Dr. Balas participated in many international conferences as General Chair, Organizer, Session 

Chair and member in International Program Committee. She was a mentor for many student 

teams in Microsoft (Imagine Cup), Google and IEEE competitions in the last many years.  

Valentina E. Balas is a member of EUSFLAT, ACM and a Senior Member IEEE, member in 

TC – Fuzzy Systems (IEEE CIS), member in TC -Emergent Technologies (IEEE CIS), 

member in TC – Soft Computing (IEEE SMCS) and also a member in IFAC -TC 3.2 

Computational Intelligence in Control.  

Area of Interests: Soft Computing in medicine, Decision Support systems in medicine  

Topic: New research directions using soft computing techniques. 
 
 

Prof. Lorna Uden    

Prof. Dr. Lorna Uden is Emeritus Professor of IT systems in the Faculty 

 of Computing, Engineering and Technology at Staffordshire University. 

 She is a fellow of the British Computer Society and the Higher Education 

 Academy and a senior member of ACM.  She has published widely in  

conferences, journals, chapters of books and workshops. Professor Uden is 

 program committee member for many international conferences and  

workshops. She is on the editorial board of several international journals.  

She is editor in chief of the International Journal of Web Engineering and Technology (IJWET) 

and the International Journal of Learning Technology (IJLT), published by Inderscience, UK. 

Prof. Uden is a strong advocate of Problem Based Learning (PBL). She has been using PBL in 

her teaching for over 20 years.  She co-authored the book, ‘Technology and Problem - Based 

Learning’, published by IGI publishers.   Because of her expertise in PBL, she has being 

invited to give PBL workshops in universities in different countries. Professor Uden is also 

visiting professor to universities in Australia, China, Finland, Italy, Malaysia, Slovenia, Spain, 

South Africa and Taiwan. She has been keynote speaker at many international conferences and 

collaborates widely with colleagues worldwide.  She is conference chair for KMO2013 in 

Taiwan. Editor in Chief of International Journal of Web Engineering and Technology (IJWET) 

and International Journal of Learning Technology (IJLT), Associate Editor in-Chief of 

Advanced Management Science  
Area of Interests:  
Topic:   

Valentina E. Balas is currently an Associate Professor in the Department 

of Automatics and Applied Software at the Faculty of Engineering, 

University “Aurel Vlaicu” Arad (Romania). 

She holds a Ph.D. in Applied Electronics and Telecommunications from 

Polytechnic University of Timisoara. She is author of more than 165 

research papers in refereed journals and International Conferences. Her 

research interests are in Intelligent Systems, Fuzzy Control, Soft 

Computing, Smart Sensors, Information Fusion, Modeling and 

Simulation. 

Distinguished Speakers 

 



Dr. R. M. K. Sinha   

Dr. Sinha is a Professor of Computer Science & Engineering and Electrical  

Engineering at IIT Kanpur where he has been serving for more than three  

decades. Dr. sinha's major research concentration has been in the areas of  

language technology and applied artificial intelligence. In early 70s, he worked 

on Devanagari OCR and was the first person to work on the topic. In late 70s  

and early 80s, he worked on Indian script enabling and their computer processing. 

 He is the originator of the well known multi-lingual GIST technology / IDC, ISCII coding, 

INSCRIPT keyboarding and several other Indian language technology. Starting late 80s, he has 

been working on computer processing of Indian languages. He is the originator of 

AnglaBharati and AnuBharati technology for translation from English to Indian languages and 

vice-versa. He is a member of TDIL working group, National Translation Mission Advisory, 

Technical Advisory Committee of CDAC, Standardization committee, Associate UNESCO 

chair in ORBICOM. He is founding president of Society for Machine Aids for Translation and 

Communication (SMATAC), Fellow IETE. and Senior Member IEEE. He is an invited 

participant from India in International Networking Programme on Human-Machine Interaction 

in Translation with Denmark and Brazil. He has been a visiting professor at Michigan State 

University, Wayne State University, INRS Quebec and Asian Institute of Technology.  

Area of Interests: Artificial Intelligence, Natural Language Processing, Machine Translation, 

Speech to Speech Translation, Indian Language Technology, Vision, Pattern Recognition, 

OCR, Document Processing, Computer Architecture 

Topic: Dealing with MWEs in Indian Languages 

 

 

Dr. Ashutosh Kumar Singh 

Dr. Ashutosh Kumar Singh obtained his Ph. D. degree in Electronics  

Engineering from Institute of Technology, BHU, India and Post Doc from  

Department of Computer Science, University of Bristol, UK. He has published 

more than 70 research papers till now in different journals, conferences and 

news magazines and in these areas. He is a co-author of two books “Digital  

Systems Fundamentals” and “Computer System Organization & Architecture” 

with Prentice Hall. He had delivered the invited talks and presented research 

papers in several countries including Australia, UK, South Korea, China, Thailand, India and 

USA. He had been entitled for the awards such as Merit Award-03 (Institute of Engineers), 

Best Poster Presenter-99 in 86th Indian Science Congress held in Chennai, INDIA, Best Paper 

Presenter of NSC’99 INDIA. Currently he is an Editorial Board Member of International 

Journal of Networks and Mobile Technologies, International journal of Digital Content 

Technology and its Applications. Also has shared his experience as an Guest Editor for 

Pertanika Journal of Science and Technology, Chairman of CUTSE International Conference 

2011 and as editorial board member of UNITAR e-journal. He is involved in reviewing process 

in different journals and conferences such as; IEEE transaction of computer, IET, IEEE 

conference on ITC, ADCOM etc. Presently he is leading two research grants and supervising 

three Higher Degree Research students. He has worked as a Principal Investigator on a 

research project “Application of Decision Diagrams in Synthesis, Design and Testing of VLSI” 

in Malaysia. He was a key member on a project from EPSRC (UK) “Logic Verification and 

Synthesis in New Framework”.  

Area of Interests: Verification, Synthesis, Design and Testing of Digital Circuits  

Topic: 

 

 



Dr. Low Siow Yong 

He is Senior Lecturer in Department of Electrical & Computer Engineering, 

Curtin University of Technology, Sarawak, Malaysia. Low Siow Yong received 

 both his BE (First Class Hons.) and PhD degrees in electronic and communications 

 engineering from Curtin University of Technology, Perth. Upon his PhD  

graduation, he joined the Western Australian Telecommunications Research  

Institute (WATRI) as a postdoctoral researcher where he was involved in a National ICT 

Australia project. During this period, he successful completed two forensic audio analysis 

projects for the Northam Police Department, WA, Australia and the Organised Crime Squad, 

WA, Australia. From 2007-2009, he worked as a research engineer with Sensear Pty Ltd, Perth 

WA, a private company which specialises in hearing protection. Following Sensear, he joined 

the Institute for Multi-sensor Processing and Content Analysis (IMPCA), Curtin University of 

Technology, Perth where he performed research in the area of multimedia. As of Feb 2010.  

Area of Interests: acoustics signal processing, array signal processing and blind signal 

separation.  

Topic: 

Prof. M. Abul Kashem 

Dr. M. Abul Kashem is a Professor in Faculty of Department of Agricultural  

Extension Education, Agriculture Bangladesh Agricultural University (BAU), 

Mymensingh-2202, Bangladesh. He has published (7) Book,(127) Local, 

(31) International and (9) Popular journals. 

Area of Interests: Technology Transfer and Gender Development, Communication and 

Development, 

Sustainable Agriculture 

Topic: Diversified use mobile phones by the farmers in receiving “Agriculture Information” 

 

 

 

Prof. Susmita Mitra 

Sushmita Mitra is the Head and a full Professor at the Machine Intelligence Unit,  

Indian Statistical Institute, Kolkata. From 1992 to 1994 she was in the RWTH,  

Aachen, Germany as a DAAD Fellow. She was a Visiting Professor in the Computer 

Science Departments of the University of Alberta, Edmonton, Canada in 2004, 2007;  

Meiji University, Japan in 1999, 2004, 2005, 2007; and Aalborg University Esbjerg, Denmark 

in 2002, 2003. Dr. Mitra received the National Talent Search Scholarship (1978-1983) from 

NCERT, India, the University Gold Medal in 1988, the IEEE TNN Outstanding Paper Award 

in 1994 for her pioneering work in neuro-fuzzy computing, and the CIMPA-INRIA-UNESCO 

Fellowship in 1996. She is the author of the books ``Neuro-Fuzzy Pattern Recognition: 

Methods in Soft Computing" and ``Data Mining: Multimedia, Soft Computing, and 

Bioinformatics" published by John Wiley, and ``Introduction to Machine Learning and 

Bioinformatics", Chapman & Hall/CRC Press, beside a host of other edited books. 

Dr. Mitra has guest edited special issues of several journals, is an Associate Editor of 

``IEEE/ACM Trans. onComputational Biology and Bioinformatics", ``Neurocomputing", and 

is a Founding Associate Editor of ``Wiley Interdisciplinary Reviews: Data Mining and 

Knowledge Discovery (WIRE DMKD)". She has more than 75 research publications in 

referred international journals. According to the Science Citation Index (SCI), two of her 

papers have been ranked 3rd and 15th in the list of Top-cited papers in Engineering Science 

from India during 1992--2001. Dr. Mitra is a Fellow of the IEEE, and Fellow of the Indian 

National Academy of Engineering and The National Academy of Sciences, India. She served 

 

 

 



in the capacity of Program Chair, Tutorial Chair, Plenary Speaker, and as member of 

programme committees of many international conferences. 

Area of Interests: data mining, pattern recognition, soft computing, image processing, and 

Bioinformatics. 

Topic: Rough sets and their hybridization with application to data mining and bioinformatics 

 

 

Prof. Samarendra Dandapat 

Dr. Samarendra Dandapat, is a Professor in Department of Electronics and Electrical 

Engineering, Indian Institute Of Technology, Guwahati. 

Dr. S. Dandapat received the B.E. degree in electrical engineering from Motilal 

Nehru Regional Engineering College, Allahabad, India, in 1986, the M.Tech degree in 

biomedical engineering from the Institute of Technology, Banaras Hindu University, Varanasi, 

India, in 1991, and the Ph.D. degree in electrical engineering from the Indian Institute of 

Technology (IIT), Kanpur, India, in 1997. He was a Lecturer in electrical engineering at Indira 

Gandhi Institute of Technology, Talcher, Orissa, India, from 1986 to 1989. He worked as a 

Reader in the Electrical and Computer Engineering Department, IET, Rohilkhand University, 

Bareilly, India, from 1996 to 1997. From May 2003 to July 2004, heworked as a Research 

Fellow in the Biomedical Engineering Research Center, NTU, Singapore. He joined as an 

Assistant Professor in the Department Electrical and Communication Engineering, IIT, 

Guwahati, India, in 1997. He became an Associate Professor in 2001. Currently, he is the head 

of the same department. His current research interests are in digital signal processing, speech 

processing, biomedical signal processing, and medical imaging. Dr. Dandapat is a Life 

Member of the Institution of Engineers, India, and a Life Member of the Biomedical Society of 

India. 

Area of Interests: Signal Processing, Speech Processing, Biomedical Signal & Image 

Processing, 

Biomedical Instrumentation. 

Topic: 

 

 

Prof. G. C. Nandi 

G C Nandi, currently working as the senior most Professor and Dean of Academic  

Affairs at the premier Indian Institute of Information Technology, Allahabad. He is  

also heading the IT Division of the institute. 

Area of Interests: Machine Intelligence, Simulated Annealing, Dynamic Baysian Network, 

Artificial Neural Network, Fuzzy Logic, Genetic Algorithm, Support Vector Machines 

Topic: Future trends on development of intelligent Robots 

 

Dr. Ajai Jain 
Ajai Jain is Professor at the Indian Institute of Technology, New Delhi, from 1981 to 1987. He 
received the B.Eng. degree in electronics and communications in 1978 from University of 
Roorkee, India, and the M.Tech. degree in computer technology in 1980 from the Indian 
Institute of Technology, New Delhi, India. 
Currently he is working towards the Ph.D. degree in the Department of Electrical Engineering, 
McGill University, Montreal, Canada. He worked as a Software Engineer in Softek (Pvt.) Ltd., 
New Delhi, from 1980 to 1981. 
Area of Interests: VLSI Testing, Fault-tolerant computing, Computer Architecture and 
Natural Language Processing (Machine Aided Translation). 
Topic: Designing a processor for Natural Language Processing applications 
 
Dr. Renu Jain is Reader at UIET,Kanpur. She was Director at Krishna Girls Engineering 
College, Kanpur. Topic: An expert system for identification of diseases in pulses 

 

 



Prof. Md. Moslem Ali 
Professor Md. Moslem Ali 
Head Department of Computer Science & Mathematics, Bangladesh Agricultural 
University, Mymensingh, Bangladesh. 
Area of Interests: 
Topic: 
 
 
Prof. Om Vikas 
Formerly Director, ABV-IIITM (Indian Institute of Information Technology & 
Management), Gwalior (Deemed University). He began his career as System Engineer 
At TCS and became Senior Director in the Department of Information Technology, 
Min C & IT (Govt of India) where he served as head of Human Centered Computing Division 
(Digital Library and Language Technology Missions), and Computer Manpower Development 
Division. As Counsellor (Science & Technology) in Indian Embassy, Tokyo, Japan he had 
many firsts to his credit towards promoting India-Japan cooperation between India and Japan. 
He nurtured the TDIL (Technology development for Indian Languages) program over two 
decades and contributed. many firsts in promotion of Indian Language Technology. He 
represented India in UNESCO on Experts Committee on Multilingualism in Cyberspace. He 
was founder editor of the Language Technology Quarterly: VishwaBharat@tdil, (2001-2005). 
Prof. Om Vikas is Fellow / Member of various Professional Societies, namely, IEEE (USA); 
Russian Academy of Informatization of Education, IETE, Indian Society for Technical 
Education , Institution of Engineers, IEEE Engineering Management Society, and Computer 
Society of India. 
He is Secretary of Centre of Excellence of Interdisciplinary Mathematics (CEIM) of the 
International Forum of Interdisciplinary Mathematics (FIM). For his distinguished 
contributions in ICT for masses, he was given several awards and honours "Atmaram"(1989), 
"Vishisht Padak" (1989), "Indira Gandhi Rajbhasha" (1991), "Vigyan Bhushan"(2001), World 
Modal of Honour by American Bibliographic Institute Inc. (2003), “VASVIK Industrial 
Research Award” (2002), “Vigyan Shiromani” (2007), “Vishwa Hindi Samman” (New 
York, 2007), “IFFCO Hindi Sevi Samman” (2007). 
 
Area of Interests: 
 
Topic: Artificial Intelligence and Soft Computing 

 

 

 



First Day 
Date: 7-12-2012  
Time S1: 
 
04:15pm   
      to 
05:45pm 
 

Chairperson:  Prof. Om Vikas  
 
1. Speech recognition techniques using  MFCC with DWT in isolated hindi words, Neha 

Baranawal, Ganesh Jaiswal and G. C. Nandi 
2. Reptile based nature-inspired technique for knowledge discovery, Subhash Chandra 

Pandey and G. C. Nandi 
3. Revolutionary demand in the Integrity of Data in Cloud Storage,  Puneet Sharma, Vikas 

Upadhyay  Department Computer Science and Engineering, SRM University. 
4. Minimization of voltage SAG by using AVC in industrial power plant, Rahul Mishra, 

Manhu Singh Lodhi and A. K. S. Baghel 
5. Implementation and analysis of hybrid networks, Shruti Saxena and SAmir Srivastava 
6. Application of neural networks, Vinay kumar Singh, Shilpa Thakur and A. K. S. Baghel 
7. Agent Based ontological description for health care, Chandrabhan Singh, Sanjay Sachan 

and Mohit Gangwar 
8. Utilization of multi agent system for man-power recruitment system, Alankar 

Srivastava, Chandrabhan Singh and Mohit Gangwar 
9. Implementation of Artificial intelligence, Arun Kumar Singh Baghel and Rahul Mishra 
10. Word Reorder and Agreement in ANN and Rule Based English into Arabic Machine 

Translation System,Marwan M. Akeel, R. B. Mishra 
11. Analysis of image segmentation techniques in the design of a CAD tool for early breast 

cancer detection from mammograms, Subodh Srivastava, Neeraj Sharma S.K. Singh, R. 
Srivastava 

 
 



Time S1: (GF) S2: (FF) 
2:30pm    
      to 
04:00pm 
 

Chairperson: Prof. R M K Sinha Chairperson: Prof. Lorna Uden , U.K 
1. Adaptive Intelligent Handoff Algorithm in 

High Altitude Platform System, 
S.H.A.Al.Samhi, N.S.Rajput, V.N.Mishra  
Electronics Engineering,Indian Institute of 
Technology(Banras Hindu 
University),Varanasi, Ibb -Yemen, 
Varanasi- India , Varanasi- India. 

2. Performance Evaluation through KICA and 
Feature level Fusion for Human Face 
Recognition Priya Saha, Mrinal Kanti 
Bhowmik Department of Computer Science 
& Engineering Tripura University (A 
Central University) Suryamaninagar, 
Tripura, Debotosh Bhattacharjee, Mita 
Nasipuri, Dipak kumar Basu, Department of 
Computer Science & Engineering, Jadavpur 
University Kolkata, India. 

3. Minimizing the Makespan and Economic 
Cost of Schedule for the Grid Applications, 
Avdhesh Gupta,  Pankaj Agarwal   Shalini 
Gupta,   IMS Engineering College, 
Ghaziabad, India. 

4. Policy-based Access Control in Cloud 
Computing, Subhash Chandra Patel, 
Lokendra Singh Umrao, Dr. Ravi Shankar 
Singh, Department of Computer 
Engineering Indian Institute of Technology, 
Banaras Hindu University Varanasi, India. 

5. Unit Using MATLABProgramming, Ashish 
Dhamanda, Arunesh Dutt, Surya Prakash, 
Dr. A.K.Bhardwaj. 

6. Homogeneity Analysis based Robust 
Watermarking Scheme based on Singular 
Value Decomposition for Color Images, 
Priyanka Singh GIS Cell Motilal Nehru 
National Institute of Technology 
Allahabad,India, Suneeta Agarwal 
Computer Science and Engineering 
Department Motilal Nehru National 
Institute of Technology Allahabad,India. 

7. Hybrid chunk-based statistical Machine 
Translation (Hindi to English), Mohit 
Kumar, IIIT-Allahbad 

8. Application of Artificial Intelligence 
Computational Techniques in Engineering 
Perspective: A Survey, Garima Singh, 
Bindeshwar Singh, and S.P. Singh, KNIT 
Sultanpur. 

14. Application of Soft Computing in Mechanical 
Engineering, S.K.Saini* J.G.Vermaa, 
A.Tiwari,  Department of Mechanical 
Engineering, National Institutes of Technical 
Teachers Training &  Research, Bhopal, 
India. 

15. An Extensive analysis of Mobility models 
through routing protocol in AD-HOC 
Network,  Arvind Kumar Shukla ( Research 
Scholar),C K Jha,  Department of Computer 
Science,  Banasthali University  Rajsthan, 
India,  Vimal Mishra, Department of 
Computer Sc. & Engg. , Government Girls 
Polytechnic, Allahabad-211004, U.P., India. 

16. Analysis of different intrusion detection 
systems in AD-HOC Network, Swati 
Aggarwal Assistant Professor,Department of 
Computer Application, IMSEC, Ghaziabad, 
Suyash Bhardwaj Assistant Professor, 
Department of CSE FET, Gurukul Kangri 
University, Haridwar, U.A., Surendra 
K.Sonker Assistant Professor, Dept. of 
Computer Science, DIT, Dehradun. 

17. Image using Multi Chaotic Map, Ajay Kumar 
Dubey, Department of Computer Science 
Govt. Polytechnic, Manikpur, U.P. Dr. Vimal 
Mishra, Department of Computer Science 
Govt.Girls Polytechnic, Allahabad, U.P. 

18. Face Recognition by LEM with Generic Line 
Segment,Mr. Ravi Verma Singh ( Department 
of Computer Science, Research Scholar, CMJ 
University, Shillong, India), Mr. Harish 
Kumar Shakya (Department of Computer 
Engineering, Research Scholar, IIT- BHU, 
Varanasi, India), Dr. Ranveer  (Department of 
Computer Science & Engineering, Tula’s 
Institute, Dehradun, India), 

19. Evolution Of Ordered Weighted Averaging 
Operators And Their Role In Solving MCDM 
And GDM Problems,  Dr. Devendra Tayal,  
Neha Dimri,  Shuchi Gupta,  Computer 
Science Engineering Dept. IGIT, GGSIPU  
Delhi, India. 

20. Ontology-Based For Learners’ Performance 
Evaluation And Classification, Sami Ahmed 
Mohammed Al-Radaei Department of 
Information Technology and Systems 
Ministry of Higher Education and Scientific 

Second Day 
Date: 8-12-2012 



9. A Solution of the Fuzzy Steiner Tree 
Problem using Quasi-Gaussian Fuzzy 
Weights, Madhushi Verma Department of 
computer Engineering IIT – BHU Varanasi,  
K. K. Shukla Department of computer 
Engineering IIT – BHU 

10. Metrics and model for assessing web 
application’sMaintainability, Anil Kumar 
Malviya, Associate Professor,Department 
of Computer Science and Engineering, 
KNIT, Sultanpur, U.P. (India), 
LaxmiShankerMaurya, PhD (CSE) 
Research ScholarMewar University, 
Chittorgarh, Rajasthan (India). 

11. Rule Based Model for Clustering Gene 
Expression Data, Sudhakar Tripathi , 
Arvind Kumar Tiwari, R.B.Mishra, 
Department of Computer Engineering, 
IIT(BHU), Varanasi,India 

12. A Comparative study of Clique Percolation 
Methods on Large Random Graphs, 
Mousumi Dhara, Kaushal Shukla, Harshit 
Sharan and Aman Singhal, , Indian Institute 
of Technology, Banaras Hindu University, 
Varanasi. 

13. Newborn Recognition Using Fusion of Face 
and Ear Biometrics, Shrikant Tiwari and 
Sanjay Kumar Singh, Department of 
Computer Engineering,Indian Institute of 
Technology,(Banaras Hindu 
University),Varanasi-221005, India. 

 

Research Sana'a- Yemen 
21. Controller forNonlinear System, N. K. Yadav 

(Student Member IEEE)Research Scholar 
Electrical Engineering Dept Motilal Nehru 
National Institute of Technology 
(MNNIT)Allahabad India, R. K. Singh, 

22. Intelligent railroad level crossing Gate control 
system, using Neuro fuzzy controller, 
Upendra N. Tripathi, Animesh Singh 

23. Identification of Gases/Odors Using TCA 
Data Preprocessing Technique, Sunny, R. R. 
Das, V. N. Mishra, R. Dwivedi Department of 
Electronics Engineering, Indian Institute of 
Technology (BHU), Varanasi, INDIA. 
Metrics and model for assessing web 

24. Manipulator using ANN, Hatem Al-Dois, 
Faculty of Engineering University of Ibb, Ibb, 
Yemen, A.K. Jha, Deptt. of Mechanical 
Engineering Indian Institute of Technology, 
BHU Varanasi,India, R.B. Mishra Deptt. of 
Computer Engineering Indian Institute of 
Technology, BHU Varanasi, U.P., India. 

25. Optimization of link lengths of articulated 
robotic arm (Based on maximum 
manipulability index for a given workspace),  
Abhishek Mundra, Saurabh Banerjee, Rahul 
Chandrawanshi B Tech III, Mechanical 
Engineering dept. ,IIT BHU  Varanasi, India. 
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Minimization of Voltage Sag by using AVC in Industrial 
Power Plant    

Manju Singh Lodhi 1  

Sagar Institute of Technology And Management, Barabanki, U.P.India
 
Abstract- The last 5 to 10 years there has 
been a large increase in the focus upon 
power quality. Through education by 
professional organizations, through specialist 
focus groups within large industrial plants 
and through International PQ conferences. 
Due to this increased focus the power 
quality worldwide has actually improved 
significantly such that now, power outages 
and blackouts are rare. Hence there is now 
an increased focus on second order 
problems. These can be defined as sags, 
brown outs, surges, dips, power factor, 
harmonics, flicker, etc. So where previously 
the main solution to power problems was to 
apply a UPS (uninterruptible power supply), 
now there are many more options to mitigate 
the “2nd order” problems [1]. 

 
 Keywords- AVC Active Voltage Conditioner, 
UPS interruptible Power Supply 
 
Introduction- 

It is interesting to note that if you analyse 
Power Quality (PQ) data from multiple 
independent sources and compile it all 
together that several common points start to 
emerge. That being:- 
 
 THE POWER SUPPLY HAS BECOME 
RELIABLE- 

 

    LONG INTERRUPTIONS AND 
BLACKOUTS ARE RARE 
 
•    HENCE INCREASED FOCUS 
ON 2ND ORDER PROBLEMS 
 
•    EQUIPMENT HAS BECOME 
LESS TOLERANT 

 
 
 

                 

 
                
 
       Fig.1 would not it be nice if u had a 
warning? 
 

POWER QUALITY 

1.
 Utility are being pressurised to 
improve their distribution system. 
This can vary from more actively 
cutting back greenery from 
power lines, implementing more 
organised routine , feeding more 
sensitive customers from 
different power sources and 
having larger sensitive 
customers feeding from MV 
transmission connected supplies 
, as just a few of the 
improvements that make the 
power supply more reliable . 
 

2. Power outages are actually not 
that common and generally are 
reducing. Often when a plant is 
visited they complain of power 
outages because the process 
has stopped or been interrupted 
by a power disturbance. However 
often (in most cases) When 
closer inspection of the PQ data 
is performed we see the power 
has not failed but been disturbed 
by a PQ event. For example, 
upon examining the PQ data, a 
major semi-conductor FAB plant 
that in the last 10 years has 

1
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never had an unexpected total 
power supply loss. However they 
have had significant process 
interruptions attributable to PQ 
events (but not total losses or 
outages of supply). 
 

3. Power outages are actually not 
that common and generally are 
reducing. Often when a plant is 
visited they complain of power 
outages because the process 
has stopped or been interrupted 
by a power disturbance. However 
often (in most cases) When 
closer inspection of the PQ data 
is performed we see the power 
has not failed but been disturbed 
by a PQ event. For example, 
upon examining the PQ data, a 
major semiconductor FAB plant 
that in the last 10 years has 
never had an unexpected total 
power supply loss. However they 
have had significant process 
interruptions attributable to PQ 
events (but not total losses or 
outages of supply). 

 
 

4. Focus on 2nd order problems 
refers to improving power factor, 
reducing harmonics, mitigating 
the effect of supply voltage sags 
and surges and reducing flicker. 
Most equipment suppliers are 
competing in a very competitive 
market.  To maintain profitability 
they have to lower 
manufacturing costs. This often 
means reducing the size of 
switch-mode power supply 
electrolytic caps (hence less 
ride through time), small 
cheaper line reactors (more 
susceptibility to transients), 
smaller wires, cheaper devices, 
anywhere   to   save   costs   
and   be   more   competitive. 
Compounding the problem is 
more automation, robotics, 
variable speed drives, PLC’s 
controllers, computers, etc. and 
overall a plant is now more 
reliable 

 
 
 
 
 
 
  
 
 
 
 
 

          Fig .2 Years of Sag Data. Note There Have Been 
“No Outages” 

 
 

SO, WHAT ARE THE SOLUTIONS? 
.  The key point is to recognise and 
acknowledge that the problem exists and 
regardless of how diligent the electrical 
authority is, there will always be PQ events 
afflicting your plant! Years  ago  many  
semiconductor  FAB  plants  set  up  in 
Singapore  under  the  promise  of  perfect  
power.  All the transmission systems are 
underground so there are no lightening 
strikes, there are no car crashes into 
transmission line poles, no trees to grow into 
or be blown into into lines, etc. Unfortunately, 
although Singapore has the “best” PQ in the 
world, it is still not perfect. Sensitive plants still 
require additional protection and it is 
unrealistic to expect the local utility to provide 
perfect power. The plant needs to take some of 
the responsibility to improve PQ susceptible to 
PQ events than previously 
 

 HOW? 
By analysis and segregation where ever 

possible. Then application of additional 
protection for more sensitive equipment. 
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Fig.3 Plant Segregation into the various load 
critically Areas 
 
 
NON-ESSENTIAL SUPPORT LOADS 
 

In a process plant many parts of the 
operation are “non- essential” meaning if they 
accidentally shut down they can be restarted 
again without detriment to the total process. 
Lighting going off or even blinking momentarily 
does not stop the process. Loss of A/C in the 
office block is non-essential. Also remember that 
the events that stop a critical process plant are 
just momentarily sag events. Often the A/C may 
only falter momentarily and be back at full power 
within 2 or 3 minutes i.e. non-essential loads. 

 
 CRITICAL CONTROL LOADS 
 

At the other end of the spectrum are the 
critical control loads. Even a momentary “blink” 
can destroy data records, shut down the whole 
process and take hours, days or even weeks to 
recover, just depending on the process involved. 
The choice is obvious. A UPS is the best solution. 

 
ESSENTIAL PROCESS LOADS 
 
             This is the area of largest improvement 
where new technology can benefit the facility. 
Critical Control loads are best protected by 
UPS’s, however they have an expensive “Cost 
of Ownership” (COO) and struggle to be justified at 
the “essential process   load”   level (This is 
where higher powered systems like an Active 
Voltage Conditioner (AVC) can benefit the plant. 
With a significantly reduced COO they are 
making significant inroads into production 
process facilities. 

 
 WHAT IS AN AVC (ACTIVE VOLTAGE 
CONDITIONER)? 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

Fig.4 Single line diagram for an AVC (Active 

Voltage Conditioner 

 

An AVC uses a series connected 
injection transformer and a high 
performance inverter to monitor the 
incoming supply for deviations away from 
nominal. If the supply voltage increases or 
decreases the inverter injects the 
correction component across the 
“injection transformer” to neutralize the 
deviation. One of the key points though 
is the speed of response. The 
microprocessor analysis’s the supply and 
starts correcting any deviation within 
1msec. This very high speed of 
response makes the AVC suitable for 
the most sensitive of loads.  

 
 

Typically this is a whole semiconductor 
fabricating assembly plant (FAB). 

 
 ADVANTAGES OF AVC 
 

Significant advantages include  
1. >99% efficiency. 
2. No risk of droping the load (series 

injection transformer cannot 
decouple the load from the  

3. No storage device to maintain. 
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4. 208v, 400v, 480 v &up to 26kv. 

4 Quadrant Operations 
 

Now loads that previously 
could not be protected due to 
different quadrant power flow can 
be protected. 

 
 

       
The inclusion of a state of the 

art inverter that features both an 
IGBT based inverter and an IGBT 
based rectifier allows power to be 
pushed both ways by the inverter, 
hence full 4 quadrant controls of 
voltage deviations. 
 
 
Plant Visibility: 
 

To achieve PQ improvements 
within a plant it is first necessary to 
measure the PQ. After all if you cannot 
measure the PQ then how do you 
know the investment in mitigation 
equipment has been justified or is even 
performing? 

 

 

 
 

Fig.5 Connectivity of modern PQ 

device within a facility 

 

  

Case Studies of Applications: 
• Rum bottling Plant 

• Plastic Extruder Factory  

• Solar Panel Manufacturer  

• DWA Welding Machine  

• High Speed Printing Press  

• Automated Container Crane  

• Static Transfer Switch In FAB 

Conclusion 
Active voltage controller can be used for 

mitigation voltage sag in industrial power plant. 
AVC is active mitigation devices of voltage sag in 
industrial power plant. Active voltage controller 
used as active voltage conditioner. So by using 
AVC we can minimize voltage sag in industrial 
power plant.  
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Abstract— MANET is an infra-structure less network consist of 
mobile nodes which can communicate to each other. MANETs 
are constrained due to limited transmission range of mobile 
nodes. Therefore, if we combine it with less infrastructure, they 
can cover a wider area of transmission range. This is called a 
hybrid network which is a combination of MANET and fixed 
network. The nodes from fixed network can communicate with 
mobile nodes via gateway and vice versa. In this paper, we have 
discussed the major challenges of hybrid network which 
implementers face while developing it and their corresponding 
solutions.  

 

Keywords- MANET, Hybrid network. 

I.   INTRODUCTION 

Mobile ad-hoc networks are self dependent, self configurable 
network which consist of nodes which are free to move to or 
from the network anytime. Therefore, mobile nodes depend on 
each other to keep the network interconnected since topology 
may change frequently and unpredictably. These networks can 
be combined with fixed network to extend the internet 
connectivity to mobile ad-hoc networks. There are some major 
challenges for implementing a hybrid network which are 
discussed further. Many proposals were given to extend the 
internet connectivity to mobile ad-hoc network.  
Ammari et al.[2] analyzed the performance of mobile gateways 
in a MANET based on the DSDV routing protocol. 
The proposal from Singh et al.[3] defines the gateways as those 
nodes that are one hop away from the access router. Access 
routers are expected to be equipped with a wireless interface. 
The first node becoming a gateway is called the default 
gateway, and is responsible for sending out periodic gateway 
advertisements. The other gateways for a given router are 
called candidate gateways. A candidate gateway becomes a 
default gateway when it stops receiving gateway 
advertisements from the default gateway for some time. It 
defines gateway selection based on band- width balancing, but 
unfortunately bandwidth parameters and their use are not 
described in the current version of the specification. 
The major challenges were auto-configuration of nodes in 
MANETs and gateway discovery mechanisms. To discover 
gateways, control messages are used which contains the 

network prefix information allowing ad hoc nodes to derive an 
IP address. Hence, the gateway discovery mechanism strongly 
influences the overall performance. 
The two proposals which were accepted for internet 
connectivity in MANETs are given by Wakikawa et al.[4] and 
Jelger et al.[5]. 
According to Wakikawa et al.[4], gateway can be discovered 
by mobile nodes in two ways: either a proactive approach 
which includes a periodic flooding of gateway advertisement 
messages (GWADV) from the gateways or a reactive approach 
which comprises of flooding of a gateway solicitation 
(GWSOL) message from the node and subsequent unicast 
GWADV from the gateway. 
According to Jelger et al.[5], a proactive approach is used to 
discover the gateways who advertise themselves by 
periodically flooding gateway information (GW INFO) 
messages. The idea of prefix continuity has been used.  In this 
proposal, a node selects only one of the GW INFO messages, 
received as its best path toward the gateway. Then it configures 
an IPv6 address based on the advertised prefix, and forwards 
only the GW INFO that corresponds to the selected prefix. All 
other GW INFO messages containing different prefixes are not 
forwarded. This guarantees that given a node, X, every node in 
the path from X to the gateway has the same prefix. This 
scheme also reduces the overhead associated with the proactive 
flooding of the network. 
The rest of the paper is organized as: Section 2 defines the 
hybrid network, Section 3 defines its configuration in 3 level of 
hierarchy, Section 4 covers the major challenges and their 
solutions and Section 5 comprises of conclusion and future 
scope. 

II.    HYBRID NETWORK 

A Mobile Ad Hoc Network (MANET) is an infrastructure-less 
network which consists of mobile nodes which can 
communicate with each other. The networks topology may 
change rapidly and unpredictably. 
    Since there is no built-in infra-structure required for the 
network to form, all the nodes have the capability to maintain 
all the resources of the network in a distributed fashion. Hence 
the nodes rely on each other to keep the network connected.  
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Figure 1. Hybrid Network 
 
In Figure 1, hybrid network is shown with 2 wired nodes i.e. 
Wired (0), Wired(1) , 3 wireless nodes i.e. Mobile(1), 
Mobile(2), Mobile(3) and one base station or gateway i.e. G(0). 
In our work, we have implemented an integrated scenario of 
MANET and fixed network which is known as Hybrid 
Network. This combination of networks contains wired and 
wireless nodes which can communicate with each other via 
gateway. Gateways are the nodes that can be used by other host 
nodes to communicate with ad-hoc nodes in the network and 
vice-versa. However, there are many problems in hybrid 

network but in recent years this field has gained a lot of 
attention among researchers. 
 

III.  HYBRID CONFIGURATION  

Hybrid network can be configured in three level of hierarchy 
which is as follows: 

a. First level of topology hierarchy determines number 
of domains in the network.  

b. Second level of hierarchy determines number of 
clusters in each domain. 

c. Third level indicates number of nodes in each cluster. 
 

$ns_ node-config -addressType hierarchical 
AddrParams set domain_num_ 4 ; 
# number of domains 
lappend cluster_num 1 1 1 1 ; 
# number of clusters in each domain 
AddrParams set cluster_num_ $cluster_num 
lappend eilastlevel 2 2 3 4 ; 
# number of nodes in each cluster 
AddrParams set nodes_num_ $eilastlevel ; 
# for each domain 
 
Here, ns is the node object whose address type should be 
defined as hierarchical. In our simulation we have taken 4 
domains- 2 domains for wired, 2 domains for (gateway + 
wireless nodes). Second level defines that each domain has one 
cluster. First and second cluster contains 2 wired nodes each.   
Third cluster contains three nodes which comprises of one 
gateway and two wireless nodes and fourth cluster contains 4 
nodes (one gateway and 3 wireless nodes). 

 
Figure 2. NS2 Simulation of Hybrid network 

Mobile (1)        
           

  Mobile(2) 
                   
               

                  Mobile (3) 

Wired nodes Wired (0) 

Wired (1) 

Gateway G (0) 

  
Mobile  
 Nodes 
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IV.    CHALLENGES 

There are various challenges which we have to face while 
implementing a hybrid network. 
  
Challenge 1-- IP Address Assignment: 
 
Address Assignment is a process by which a mobile node 
obtains and configures an IP address so that it can 
communicate with other nodes in the network. There are 
basically two approaches for address assignment, either using 
stateful approach or stateless approach. In Stateful approach, 
IP address is assigned by a central entity by using DHCP 
(Dynamic Host Configuration Protocol). This approach is too 
centralized to be used in case of MANETs as mobile nodes 
are free to join or leave the network anytime. In Stateless 
approach, the gateway can advertise a network prefix within 
its control messages from which mobile nodes can derive an 
IP address. The disadvantage of this approach is the fact that 
the network might be periodically flooded with prefix 
information, which may be a waste of resources.  
As hybrid network is a combination of MANET and cellular 
network, mobile nodes may have to send packet to fixed 
network node or vice versa. Here the addressing schemes of 
both MANET and fixed network are different. MANET 
follow flat addressing where as fixed network follow 
hierarchical addressing. Therefore, we have to perform 
network address translation (NAT) in order to transfer a 
packet from fixed network to MANET or vice versa. 
 
Solution: 
  
If the gateway which connects the MANET and fixed 
network provides a subnet prefix to all mobile nodes which 
derive the same network prefix. Therefore, we do not have to 
perform NAT each time whenever communication is needed 
between two networks. 

 
Challenge 2-- Gateway discovery:  
 
When a mobile node wants to communicate with fixed node, 
it must discover a gateway first. Therefore, gateway 
discovery [6] must be performed by a mobile node. This can 
be done in three ways: 
  

 Proactive  Discovery:  
In this scheme, gateway periodically advertize itself by 
broadcasting a gateway advertisement message (GWADV) 
which is transmitted after expiration of gateway’s timer i.e. 
Advertisement_interval. The mobile nodes residing in 
transmission range of the gateway receives the advertisement. 
After receiving the advertisement, the nodes which do not 
have route to the gateway can create a route entry for it in 
their routing tables. The problem in this approach is the fact 
that message is flooded through the MANET periodically due 
to which more power and bandwidth is consumed. 

 
 Reactive Discovery:  

 In this scheme, the mobile node which needs the information 
about the gateway broadcast a route request message 
addressing to only gateways. The advantage of this approach 
is the fact that messages are send only when any mobile node 
needs information about gateway. 

 
 Hybrid Discovery: 

In this scheme, the combination of proactive and reactive 
approach is used. Part of nodes which are coming in the 
transmission range of gateway perform proactive discovery 
and other perform reactive one. The mobile nodes which are 
coming under the range of gateway receives the gateway 
advertisement after every Advertisement_interval and other 
mobile nodes which are outside the range of mobile nodes 
can broadcast its request asking for the gateway. 

 
Solution:  
 
For discovering an Internet Gateway (IGW) a mobile node 
has to send request to gateway only to obtain the default route 
to the fixed network. Because of this a route request has to be 
sent all the way through to the gateway even if default route 
information is available with the neighboring nodes. 
Therefore in our work, we have used reactive approach in 
which information about the default route can be provided to 
requesting node by its neighbor node if it is aware about the 
default route.  

  
Challenge 3-- Reaching a destination: 
 
When a mobile node within the mobile ad-hoc network wants 
to contact a destination, it needs to find out whether the 
destination is in the fixed network or in MANET. Therefore it 
is the need to impose a condition on the addresses of mobile 
nodes so that the sender can check whether the destination is 
in the MANET simply by looking at the network prefix of the 
destination IP address. When proactive protocol is used, the 
sender can check its routing table for the corresponding 
destination but in case of reactive protocol, a node may need 
to flood the network and if no answer is received, it assumes 
that destination is in fixed network.  
 
Solution:  
 
If IP address belonging to the same subnet is assigned to all 
nodes within the MANET then this problem can be solved. 
As the node which wants to send a packet can know that 
location of destination just by doing prefix matching with its 
own net-mask without requiring control messages. If it 
matched then it means that destination is also a mobile node 
otherwise destination is in fixed network. 
 

V.  CONCLUSION AND FUTURE SCOPE  

Hybrid network is configured in three level of hierarchy. As 
it is a combination of two different networks i.e. MANET 
and fixed network. In this paper, the major challenges were 
discussed while implementing a hybrid network.  
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In this we have taken a static address for mobile nodes i.e. 
having same subnet prefix as that of gateway. The work can 
be done on dynamic address assignment of mobile nodes in 
hybrid network.   
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Abstract—Agent System can be viewed as a system where various 
self-directed intelligent software components are used for finding 
solution of a difficult problem. In this paper we mainly focus how 
agent system can be used for Healthcare. We know that 
intelligent web is a logical expansion of current web and we 
focuses on developing a machine explicable approach to find the 
solution of any complex problem. In intelligent web based on 
agent system for healthcare system we focus to full fill patients 
(user) request and to provide complete information to patient as 
a collection of various web services. Thus the purpose to make 
web application more capable for providing realistic information 
in less effort by making it good information provider rather than 
locater. 

Keywords- Agent System, Intelligent Web, Healthcare, 
Information Agent. 

I.  INTRODUCTION  

Intelligent Agent becomes a new way for developing web 
applications. In American Heritage Directory the agent is 
defined as a system that acts or has capability to act or 
represent another. Agent System ([1],[2]) can be defined as an 
collection of various disjoint agents that are software 
components who communicate with each other to co-ordinate 
their activities in order to solve a complex problem which 
cannot be resolved by any single agent. Thus agent system can 
be viewed as a network of agents who co-ordinate with each 
other to answer complex or say large problem, which cannot be 
solved by any single agent, without having any global 
monitoring system ([3], [4]). Now agent system based 
intelligent web focuses on developing machine understandable 
approach by using small web services to form a complex web 
service and we need a mechanism for advertising, 
decomposing, selecting, and composing agent services. The 
basic aim in healthcare system is to provide all use full 
information to patient about disease, hospital, specialist, 
hospital availability, quality of services, city of service, fees etc 
at its location. 

II. AGENT BASED INTELLIGENT WEB MODEL FOR 

HEALTHCARE SYSTEM 

Intelligent web provides the capability to use various 
reusable software components independently to full fill clients 
request or combine with other components to carry a complex 

aggregated service. The agent method presented by is to 
utilized here for agent system for healthcare system. 
Ontological description is used here to reduce the hard coding 
used in communication between medical healthcare systems 
[5]. The basic approach we use here is to provide a patient 
complete information in less effort about any disease, available 
hospital, specialist of that disease, quality of service of 
hospitals, fee structure, location, doctors availability, service 
timing of doctor  i.e. we provide complete information to 
patient and its location. 

We use various agent capabilities to full fill the request 
from patient side. We use “Sociability” propriety of agent 
which provides them capability to converse with each other 
using a variety of agent communication languages for 
exchanging their information. 

Healthcare is a large problem and it is not easy to solve it 
with single agent that’s why it will be decomposed into various 
sub problems. Although there sub problems are not totally 
independent of each other. There is a technique of “Distributed 
Problem Solving” [6] in multi-agent system in which agents 
discuss few aspects as following. 

a) How to divide a complex problem in sub problems. 

b) How to distribute these sub problem between them. 

c) How to share knowledge among them to solve 
dependencies among that sub solutions. 

d) How to combine sub solution in order to give aggregated 
solution of that problem. 

The sociability property of agent is utilized on Information 
Agent (also called Internet Agent [7]) which has the ability of 
obtaining information from different web sources then 
analyzing retrieved data and selecting information in more 
users’ required manner. Internet agent [8] is collaborated with 
sociability, proactive, autonomy characteristic of agents to 
form system for healthcare. C-C-C that is co-ordination, 
communication and collaboration is an important and power 
full capability of sociable agents. These capabilities in 
distributed problem solving method on agent system are used 
with Internet agent to solve patients request in healthcare 
system. Figure 1 shows the task decomposition, information 
provider agent selection and composition process. 
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Figure 1. AGENT BASED PROCESS FOR HEALTHCARE 

The agent system based approach for healthcare system takes 
users request and then the sociability capability of agent is used 
as sociable agent for coordinating the problem into small tasks. 
Internet agents are used to retrieve information that is they 
work as information provider agents on each sub task. Then 
collaboration capability of sociable agent is used for 

composition process. Patients input request is sub divided in 
various tasks like determination of hospital, specialist, hospital 
availability, quality of services, city of service, fees etc. Figure 
2 represent the process of various services in healthcare 
system. 

 

 

 
Figure 2. PROCESS FOR HEALTHCARE SYSTEM. 

III. ONTOLOGICAL DESCRIPTION FOR 

HEALTHCARE SYSTEM 

 
Healthcare is a new problem for agent based system. The 
healthcare problems are tracking hospital, finding specialists 
of disease, quality of service, availability timing etc. All these 
activities can be assigned to different service providers. The 
profile of all these service agents can be created using 
ontological description language like RDF/RDF-S [8], OWL 
[9] etc. Some of intelligent web tools like Protégé [10] [11] 
provide the support for developing the profile in either 

RDF/RDF-S or OWL. Here for healthcare we use Protégé to 
develop profile. On the basis of input task type category the 
ontology is then decided. Different hospitals information is 
developed in form of RDF-Schema (Resource Description 
Framework) [8] files which consist of a number of consulted 
doctors with the isSpecialistof  property for specialization, 
hasHospital property for hospital name, hasServiceTime 
property for doctor timing. The hospitals have the property of 
hascityofservice and hasQualityofService. Figure 3 shows the 
object properties in which various classes lies for healthcare 
system. Figure 4 shows the class hierarchy for healthcare 
system and its description. Healthcare domain is sub-divided 
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in various classes like disease, disease specialist, hospital, city 
of service, doctors availability timing, quality of service for 
hospitals. Figure 5 ontology graph shows the pictorial relation 

among above mentioned classes. The graph shows how classes 
are interrelated with each other and characteristics of class like 
functional, inverse etc. 

 
 

 
Figure 3. Object Properties in Healthcare System 

 

 

 Figure 4. Class hierarchies and its description in Healthcare System 
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Figure 5. Ontology graph in Healthcare System 

 
 

IV. CONCLUSION 

  Agents based system is presented for healthcare domain. Here 
we utilize the capability of software agents and selecting agents 
based on task type category to fulfill the request. Various 
capabilities of intelligent agent like sociability with include co-
ordination, collaboration and communication is used with 
agents like internet agent to full fill complex tasks. Web based 
environments play an important role in Healthcare. The 
difficulty to achieve the patients’ requirements is a result of 
availability of large number of consulted doctor on the web and 
is increasing continuously. This paper presents a ontological 
description for intelligent web and mainly focuses in healthcare 
domain. In this system agents are able to understand the 
requirement of the patient and interact with him like a human 
expert. Behind the scene the agents handle the search and 
retrieval process in different hospital information structures 
from different places. In future work we will enhance this 

model to include the more requirements of the patient and 
variety of consultations as an application of intelligent web. 

 
V. REFERENCES 

 
[1] Weiss, G.: Multiagent system. A modern approach to Distributed Artificial 

Inteligence. 

[2] Wooldridge, M. An introduction to Multi agent system. Wiley Ed. (2002). 

[3]  Flores-Mendez, R.A., Towards a standardization of Multi-agent system 
Frameworks. Crossroads, 1999. P. 18-24. 

[4] Ahmad, H.F. Multi-Agent: Overview of a new paradigm for distributed 
system in 7th IEEE International symposium on high Assurance system 
Engineering. 2002. 

[5] Puustjarvi, J., & Puustjarvi, L. (2009). Semantic Exchange of Medicinal 
Data: A Way Towards Open Healthcare Systems. 

[6] Durfee, D.H. Distributed problem solving and planning. In [1] 121-164. 

[7] Klusch, M. Information agent technology for the internet: A survey . data 
and knowledge engineering, Vol. 36 (3), (2001), 337-372.   

13



International Conference on Artificial Intelligence & Soft Computing (AISC - 2012), December-2012, IIT-BHU, Varanasi 

[8] Hernam, I., Swick, R. and Brickley, D., Resource Description Framework 
(RDF),W3C Website, http://www.w3.org/RDF. 

[9] McGuinness, D.L, Harmelen, F.V. OWL Web Ontology Language 
Overview, http://www.w3.org/TR/owl-features. 

[10] Hai Dong; Hussain, F.K.; Chang, E.; , "Application of Protege and 
SPARQL in the Field of Project Knowledge Management," Systems and 
Networks Communications, 2007. ICSNC 2007. Second International 
Conference on , vol., no., pp.74, 25-31 Aug. 2007. 

[11] Stanford Center for Biomedical Informatics Research. Protégé, 
http.stanford.edu/.  

I. s 

14



International Conference on Artificial Intelligence & Soft Computing (AISC - 2012), December-2012, IIT-BHU, Varanasi 

UTILIZATION OF MULTI AGENT SYSTEM FOR MAN-POWER RECRUITMENT SYSTEM 

 
 

Alankar Srivastava 
Computer Science & Engg. Department 

 BBDU, Lucknow, India 
Alankar_sri@yahoo.com 

Chandrabhan Singh 
Computer Science & Engg. Department 

 AIET, Lucknow, India 
Chandrabhan98@gmail.com 

 
 

Mohit Gangwar 
Computer Science & Engg. Department 

 SITM, Barabanki, India 
Mohitgangwar@gmail.com 

Abstract— The capability of Multi Agent enforces us to 
use its features to design an approach towards building a 
system for Recruitment of Man Power. Using any single 
agent we cannot perform complex activities of man 
power requirement so we use distributed problem 
solving approach and utilize it with multi-agent to 
perform each step towards building MPRS. Here we 
facilitate our system to get input request by company for 
the recruitment of candidates then our system provides a 
list of eligible candidates for the recruitment process of 
company on the basis of pre conditions and parameters 
given by the company. We also use some cognitive 
parameters which make our agents proactive in selection 
of zone then state and then colleges. 
 

Keywords— Agents, Multi-Agent System (MAS), Man-
Power Recruitment System (MPRS), ZSA, SSA, ISA, 
TPA 

I. INTRODUCTION  

Software agents are a piece of code, which are expected to 
perform specific work intelligently in any software 
environment. In this process of performing intelligent work 
they interact, collaborate and co-ordinate with each other.  
Any input request given by user if firstly validated and 
verified and in case the request is complex we use 
distributed problem solving technique (DPST) [1]. In Multi-
Agent System (MAS) [2] [3] several agents collaborate with 
each other (using their scalability capability) while 
performing their specific tasks. In recruitment process of 
any company the problem that comes in picture are like 
where the cost of selection will be minimum i.e. number of 
eligible candidate will be high, secondly from where we will 
get candidates which will be suitable in the working 
environment of the company and various other parameters 
from the point of view of company. There are some problem 
existing from the point of view of colleges too, like if a 
college highly  reputed,  doesn’t wants a low package 
company to visit their campus for recruitment process. Plus 
a low level company doesn’t want to visit a highly reputed 
college. We utilize various agents for selection of zone, 
state, colleges and their students, these agents according to 
their capabilities collaborate with each other to generate a 
solution of Input Request. 

II. MAS BASED MODEL 

We propose a model which uses a zone selector agent 
(ZSA) which collects the input request from the company 
which contains pre conditions, preferences and various other 
parameters that eligible candidate should satisfy. ZSA 
verifies and validates the input request.  Than on the basis of 
given parameters ZSA selects an appropriate and specific 
zone for the recruitment process. Now ZSA co-ordinates 
with state selector agent (SSA) which on the basis of 
parameters of company’s request selects which state is 
suitable for the recruitment process. Now we use various 
cognitive parameters which make our agent proactive to 
provide more suitable information to company. These 
cognitive parameters include the CMM rating of the 
company, distance of college from the company’s 
workplace and various other parameters including literacy 
rate of the state etc. The SSA selects a state where the 
recruitment process can take place and co-ordinates with 
Institute Selector Agent (ISA) which on the basis of some 
cognitive parameter college reputation selects the institute in 
that state this parameter includes average student percentage 
in the college, previous placement ratio, average backlog 
per student, state ranking of college, level of aggradations of 
college, faculty grading etc. After ISA selects an institute it 
co-ordinates with Training and Placement Agent (TPA) of 
that college. This TPA selects students on the basis of 
branch, percentage, backlog criteria of the input request of 
company and generates a list of eligible students. 
              In case a company wants to conduct a pool campus 
then in that case TPAs of colleges selected by ISA 
communicate with each other provide their infrastructure 
data to ZSA firstly selects a colleges that can hold that pool 
campus secondly it has various cognitive parameters to 
select a particular college to hold that pool campus event. 
These cognitive parameters include number of pool campus 
held earlier in college, rating that it got in those campus 
event etc.   
              Well the companies of today are going towards 
diversification i.e. they require people of different branches 
to be recruited now this makes task complex as now a zone 
that is suitable for a branch may not be suitable for other 
one this problem is solved by using DPST by dividing a 
complex input request into subtask where there is least 
dependency among tasks. A ZSA will verify and validate 
the decomposed task and will follow the previous process. 
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Figure 1 show the MAS based modal for MPRS in which 
various agents are used at different level. The input request 
given by any company has some precondition and 
preferences which is given by the company. Firstly ZSA 
works on it and find appropriate zone where recruitment 
process is beneficial in terms of company. There may be 
possibility that input request belongs to different zone. All 
steps in which the input request will be proceed. ZSA can be 
treaded as a coordinating agent who is used to decompose 
the complex input request in small tasks and in final which 
takes output of all TPAs to generate final output according 
to company input request.  

          Figure 2 shows a hierarchy of agent and their way of 
communication and information flow and information 
refinement at each level. Here ZSA selects a particular zone 
for an input request and forwards this information to SSA 
which selects a state of that zone and passes this information 
to ISA which selects colleges and contacts the TPA(s) of 
those colleges which from their database provide the list of 
eligible candidate. These agents use the capability of 
Distributed Multi-Agent and Distributed Artificial 
Intelligence [4] [5].  
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Figure 1- MAS Based Model for MPRS 
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Figure 2- Hierarchy of MAS for MPRS
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III. CONCLUSION 

The paper presented above utilizes the capability of software 
agents working together in an environment interacting with 
other to select the appropriate candidates eligible for a 
company’s requirement also facilities the college that a suitable 
company is selected for the recruitment process in their campus. 
This will reduce the overhead of selecting many colleges and 
then finding the appropriate one manually. This will also reduce 
the cost of recruitment and will provide more suitable 
candidates which reduce the attrition rate of the company. In 
future we focus on MPRS to be used in semantic web through 
multi-agent. 
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Abstract— Language word 

Language word order and agreement play an important role in 
delivering the meaning, and both of them are issues in translation 
between languages. Translating English text into Arabic face 
these issue because both languages differ in word order and also 
do not have the same degree of agreement. English has few cases 
of agreement while Arabic is a language with alternate 
agreement. In this paper, we are going to discuss the methods 
proposed by ANN and Rule based machine translation system to 
handle some of the agreement and reordering issues occur in 
English into Arabic translation. 

Index Terms—rule based, machine translation, neural 
network. 

I. INTRODUCTION  
Machine Translation is the process by which computer 

software is used to translate a text from one natural language 
into another language with or without minimal human 
intervention. This definition involves accounting for the 
grammatical structure of each language and using rules and 
grammars to transfer the grammatical structure of the source 
language into the target language. Word order and agreement 
are some of the important grammatical structure of a language. 
Languages differ in the way they order words to produce 
sentences representing the same meaning. Agreement happens 
when a word changes form depending on the other words to 
which it relates. English and Arabic languages do not have the 
same word order and agreement. Modern English does not 
have a particularly large amount of agreement while standard 
Arabic is a language with alternate agreement depending on 
the sentence structure and word order it follows. Machine 
translation systems need to reorder words in the Arabic 
sentence to produce fluent output that preserves the meaning 
of the English sentence.  

In section two, we are going to generally explain the ANN 
and rule based Machine translation system structure focusing 
more in ANN module. In section three, we discuss some types 
of agreement and reordering cases and how the ANN and rule 
based system handles it. At the last section, the steps used to 
construct the verb and noun adjectival phrases are listed. 

 
 

II. SYSTEM GENERAL STRUCTURE 

 

Fig. 1. ANN and rule based system general structure 

The ANN and Rule based machine translation system 
consist of three main modules; Parser and Tagger, ANN 
Dictionary and Rule based or Translation rules as shown in 
fig. 1.  

A. ANN Dictionary 
To build the ANN Dictionary, We created a data set of 

input-output pairs of English-Arabic words with associated 
knowledge. An Encoder-Decoder is used to convert this 
training data into numeric coded form, which is suitable to be 
used as input for the ANN trainer in matlab. Each English and 
Arabic alphabet and special character is represented as a 
unique integer number between 1 and 72 ( see Table 1). 72 is 
the total number of English and Arabic alphabets, numbers 
from 1 to 8 and some special characters. Converting the 
characters into integer numbers is to train the neural network. 
The output of the network training is the ANN Trained Object 
which is an English Arabic Dictionary. 
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TABLE I.  CHARACTERS ENCODING 

 
The Encoder-Decoder also used as an interface for the  

ANN Dictionary where it encode the text word into numeric 
and decode back the numeric into text. 

We used feed-forward back-propagation artificial neural 
network for the selection of Arabic words/tokens (such as 
verb, noun/pronoun etc.) equivalent to English words/tokens. 
Each English word is matched to only a single meaning in 
Arabic and sometimes to tow meanings particularly when the 
English word can come either as a verb and as a noun . 

For a word, which is noun or adjective, we may have up to 
six forms of the Arabic word returned from the ANN along 
with its coupled information. The six forms are two for the 
singular masculine and feminine, two for the dual masculine 
and feminine and remaining two forms are for the plural 
masculine and feminine of the Arabic noun or adjective. In 
some cases, a flag value attached to digit 8 is also returned 
with the Arabic word forms  which may be needed later for 
agreement purpose. The coupled information which may come 
with the noun or the adjective is the number, person and 
gender.  For example, “blue” is mapped to “1زرقاء2 أزرق 
 tp| قلم“ and “pen” is mapped to ”زرق6 زرق5 زرقاوتان4 أزرقان3
#sing *masc” where tp is third person, sing is singular, masc is 
denoting the masculine while 8n is a flag indicating that the 
name is for inhuman. For an English verb, the ANN returns 
seven forms of the corresponding Arabic translation and a flag 
value. These Arabic verb forms are one for the past tense, one 
for the present tense, one for imperative, three passive forms 
(past, present, adjective), and last is the noun form of the verb. 
The letter variable is to indicate whether the verb belongs to a 
special criterion or not. These verb forms are mainly of the 
singular third person masculine. For example, the verb 
“brought” is mapped to “1 حضرأ  یحضر5 أحضر4 أحضر3 یحضر2 
 Verbs in Neural Network model are .”ن8 احضار7 محضر6
trained in their entire possible occurrence in English (bring, 
brings, brought, bringing). The words which may come as 
noun or verb are mapped into two corresponding meanings, 
one for each. For example, the word “watch” comes as a verb 
or noun so it is mapped to two different meanings (“watch”  
 tp| ساعھ : ن8 مشاھدة7 مشاھد6 یشاھد5 شوھد4 شاھد3 یشاھد2 شاھد1“
#sing *fem”), one when it comes as a verb and the other when 
it comes as a noun. The both meanings are separated by a 
colon mark. 

B. Parser and Tagger 
The input English paragraph is first separated into sentences 
and contractions are replaced with their respective full form if 
present. Then each sentence is processed.  

Each sentence is passed to Parser and POS tagger to parse the 
English text and to assign parts of speech to each word. We 
used Stanford typed dependency parser and POS tagger [1, 2]. 
Example of the parser’s output for an English sentence is 
shown below:  
Ex1: 

I brought my blue pen to write the notes 
Parser output : 

[nsubj(brought-2, I-1),  
poss(pen-5, my-3),  
amod(pen-5, blue-4), 
dobj(brought-2, pen-5),  
aux(write-7, to-6), 
 xcomp(brought-2, write-7), 
 det(notes-9, the-8), 
 dobj(write-7, notes-9)]  

Tagger output: 
I/PRP brought/VBD my/PRP$ blue/JJ pen/NN to/TO 

write/VB the/DT notes/NNS 

C. Translation Rules 
Translation Rules have been created for various classes of 

the sentences. From the input of the English sentence to the 
output of the Arabic translation, the sentence and its parts are 
processed through a huge number of rules. Our system is able 
to handle simple English sentences (assertive, interrogative, 
imperative) with the forms of (affirmative, negative) for both 
voices (active, passive).  

Using rules, sentence structure, tense, type, form and voice 
are determined using the part of speech of the sentence’s 
words and its type dependency. The parts of the sentence are 
also recognized, such as subject, main verb, auxiliary verb, 
object, indirect object etc. Each recognized part of the 
sentence contains one or more word called chunk. So, each 
sentence is divided into chunks. The chunks is translated 
according to the Arabic sentence word order. 
Ex2: 

  “She will not send my old car to the mechanic”, The 
chunks obtained for the previous sentence are : 

Subject          = “She”. 
Auxiliary       = “will not”. 
Verb              = “send”. 
Object           = “my old car”. 
Preposition    = “to the mechanic” 
Selection the right Arabic form, syntax and affixes 

addition to the verb, and affixes addition to the subject and 
object, will be done on the basis of information of tense, 
subject and object gender, number and person. 

 

III. AGREEMENT AND REORDERING 
We are going to list some types of agreement and 

reordering cases and how the ANN and rule based system 
handles it. 

A. Sentence Word order 
Differences in word order complicate translation - in 

addition to changing the individual words, the order must also 

Characters set The numeric integer numbers 
(a,b,c, …, x,y,z) 

right to left ( ي, و, ه, …, ت, ب, ا ) 
right to left ( ة, ء, ؤ, ئ,آ, أ ) 

(Space, | , *, #) 
(1,2 ,3, 4, 5, 6, 7, 8) 

(1,2,3, …,24,25,26) 
(27, 28, 29, …, 52, 53, 54) 

(55, 56, 57, 58, 59, 60) 
(61, 62, 63, 64) 

(65, 66, 67, 68 ,69 , 70, 71, 72) 
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be changed. English and Arabic follow different rules in word 
order. Most English sentences conform to the SVO word order 
while Arabic is a relatively free word order language, 
structured under the combinations of SVO, VSO, VOS and 
OVS for the elements of subject (S), verb (V) and object (O). 
Ex3: 

  )Sami takes the book )SVO  –سامي أخذ الكتاب 
   Takes Sami the book (VSO) –أخذ سامي الكتاب 

ANN and Rule based system: 
The system is following SVO and VSO Arabic sentence 

word order corresponding to the English SVO word order as 
they are the most common synchronize structures for Arabic 
[3]. Table 2 is showing the selected Arabic word order for 
assertive and interrogative sentences for different tenses. The 
notations (PS, PC, PP, PPC) is used for the past tense, (PrS, 
PrC, PrP, PrPC) for the present tense and (FS, FC, FP, FPC) 
denote the future tense. Each tense is represented in its four 
forms(simple, continues, perfect and perfect continues). For 
the imperative sentences, both Arabic and English have same 
sentence word order generally start with the verb and then the 
object. 

TABLE II.  SELECTED ARABIC SENTENCE WORD ORDER  

 Arabic sentence word order 
English sentence 

type 
VOS SVO 

Affirmative 
and 

Negative 

PS 
PrS- PrP-PrPC 

FS 

PC-PP-PPC 
PrC 

FC-FP-FPC 
Note: The main tenses in Arabic are the past tense, the 

present tense and some add the future as the third tense. 
Arabic tenses do not have different forms. The sentence is 
past, present or future. So, we used ( كان kan ,  قد kad) to 
produce different forms of the tenses. 
Ex4: 

 Ahmed (ate, was eating, had eaten, had been eating) 
apple. 

 PS  VSO      : أكل احمد تفاحھ 
PC  kan + SVO     : احمد یأكل تفاحة كان  
PP-PPC kan + S + kad + VO: أكل تفاحھ قداحمد  كان  
 Ahmed (did not eat, was not eating, had not eaten, had 

not been eating) apple. 
PS         ma + VSO                        : ما أكل احمد تفاحھ 
PC         lm + yakun + SVO              : احمد یأكل تفاحھ  یكنلم   
PP-PPC   lm + yakun + S + kad + VO:  حھأكل تفا قداحمد  یكنلم  

B. Subject-verb Agreement 
The noun in English is male, female or neuter and the verb 

form does not differentiate between male and female. The 
problem of agreement between subject and verb in English 
occurs only in present tense where we must add an -s or -es at 
the end of the verb when the subjects or the entity performing 
the action is a singular third person. 

Arabic shows more complex system in verb agreement 
than any other language. These agreements differ according to 
the sentence word order. For both Arabic word order we 
selected, if the sentence is in SVO order then the verb  agrees  
with  the  subject noun  phrase  in  gender  and  number and if 

the sentence in VSO order then the verb should agree with the 
subject noun phrase in gender only.  
Ex5:  

The players are entering to the field. 
VSO: یدخل الالعبون الى الملعب 

enter (tp-sing-masc) the players (tp-plr-masc) to the field 
SVO : الالعبون یدخلون الى الملعب 

the players (tp-plr-masc) enter (tp-plr-masc) to  the field 
These Subject-verb rules of agreement in Arabic has an 

exception. When the subject is plural and not human then it 
will be dealt with as a singular feminine and the verb should 
be on its singular feminine form. 
Ex6: 

The monkey(s) climbed the tree. 
الشجره القرد تسلق  

climbed (tp-sing-masc) the monkey (tp-sing-masc) the 
tree(tp-sing-fem) 
 تسلقت القرود الشجره

climbed (tp-sing-fem) the monkeys (tp-plr-masc) the 
tree(tp-sing-fem) 

ANN and Rule based system: 
To handle the subject verb agreement, the system uses the 

information related to the subject noun. These information 
comes from the data attached to the noun Arabic translation 
and from data that is retrieved during analyzing the Parser and 
Tagger outputs. The rules employed at the rule based module 
play the role of adopting the sentence verb by adding affixes 
to it in order to agree with the subject. For the exception case 
when the subject is plural and not human, the system uses a 
flag value that is attached to the noun Arabic translation 
indicating that the noun is not having the humanity feature. 
Ex7: 

Pens : “1قلمان|tp #dual *masc 2أقالم |tp #plr *masc 8n” 

C. Adjective-Noun Agreement 
This type of agreement is not found in English. Arabic, 

however, requires that the adjectives agree in number, gender, 
case and definiteness with nouns. In  agreement,  definiteness  
has  a  role  to  play:  it  is  one  of  the features  of  agreement  
between  adjectives  and  the  nouns  they modify. In Arabic, a 
noun may or may not have an article, but if the noun has one 
so must an  attributive  adjective.  This is termed agreement in 
definiteness[4]. 
Ex8: 

beautiful car – سیارة جمیلة 
car (tp-sing-fem) beautiful (tp-sing-fem). 

the beautiful car – السیارة الجمیلة 
the car (tp-sing-fem) the beautiful (tp-sing-fem). 

English adjectives are not marked for number or gender 
and so the predicative adjective does not agree with its 
subject. However,  a  predicate  nominal must  agree  in  
number with  the subject  of  its  clause. Whereas Arabic 
adjectives require a number, gender and person agreements 
between the head word and the adjective. 
Ex9: 

The beautiful kids – األطفال الجمیلون 
the kids (tp-plur-masc) the beautiful (tp-plur-masc). 
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An exception occurs when the head word is plural but not 
having the humanity feature. The adjective in this case should 
be in singular feminine. 
Ex10: 

the beautiful cars – السیارات الجمیلھ 
the cars (tp-plur-fem) the beautiful (tp-sing-fem). 

beautiful kids – أطفال جمیلون 
kids (tp-plur-masc) beautiful (tp-plur-masc). 

ANN and Rule based system: 
The system uses the information attached to the Arabic 

translation of the head word that is stored in the ANN 
dictionary. The information attached are the word person, 
gender, and number. These information are used to select the 
right form of the adjective. In addition to the attached 
information, another information are extracted from the Parser 
and Tagger output that support  attached information and 
determine if the definiteness agreement exist or not.  
Ex11: 

kids : “1طفالن|tp #dual *masc 2 طفلتان  |tp #dual *fem 3 
 ”tp #plr *masc|أطفال

beautiful : “1جمیالت6 جمیلون5 جمیلتان4 جمیالن3 جمیلة2 جمیل” 
if the head word is singular then it is translated up to two 

forms in Arabic (masculine and feminine) and if it is plural 
then it is translated up to four forms (masculine and feminine, 
dual and plural). The information extracted from the Parser 
and Tagger support the selection decision and the default 
selection is masculine form for singular and masculine plural 
form for plural. 

If the head word is not having the humanity feature then a 
tag value is present with the attached information comes with 
its Arabic translation.  

Ex12: 
 Cars:“1سیارتان|tp #dual *fem 2سیارات |tp #plr *fem 8n” 

D. Local order in the adjectival noun phrase 
Sentences like “The high whit tower” when translated to 
Arabic the order of the phrase’s words is reversed. The noun 
in Arabic comes first as the leading word of the phrase then its 
adjective(s) while in English the noun comes last.  
Ex13: 

The high white tower - البرج االبیض الطویل 
The tower (tp-sing-masc) the white (tp-sing-masc) the high 

(tp-sing-masc) 
ANN and Rule based system: 

The system divides the sentence into chunks. Each chunk 
contains of related words that represent a part of the sentence. 
So, if the chunk is an adjectival noun phrase then the system 
will process its words in reverse order. 

 

IV. PROPOSED SOLUTION 
The ANN and Rule based machine translation system 

follows the following steps to handle the agreement and 
reordering in constructing the Arabic verb and noun adjectival 
phrase. 

A. Noun adjectival phrase 
1. Determine if the chunk is having the definiteness 

feature. 
2. Process the last unchecked word in the chunk 
3. Get the word Arabic translation from the ANN 

dictionary 
4. IF it is the first word THEN   

 Select the default form  
Extract the attached information and Set the 
person, number and gender of the leading 
word 

 Save the flag value 
 Add “ال” to the beginning of the Arabic 
word if the chunk has the definiteness feature. 
 Go to step 6 
ELSE select the right form that match the leading 
word features and flag value. 

5. IF the definiteness feature is present THEN Add “ال” 
to the word beginning. 

6. IF other grammatical feature is present THEN 
Modify the Arabic word by adding/removing affixes. 

7. Store the word 
8. IF the chunk is not empty THEN Go to step 2 

B. Verb 
1. Determine the sentence tense and voice 
2. Get the verb Arabic translation from the ANN 

dictionary 
3. According to sentence tense and voice, Select the 

right form of the verb 
4. IF the Arabic word order is SVO  THEN  

IF the subject flag has a value THEN 
Modify the Arabic verb form by 
adding/removing affixes to agree with 
singular feminine. 
ELSE Modify the Arabic verb form by 
adding/removing affixes to agree with the 
subject in number and gender. 

 ELSE IF Arabic word order is VSO THEN 
Goto noun adjectival phrase to process the 
subject chunk first 
IF the subject flag has a value THEN 
Modify the Arabic verb form by 
adding/removing affixes to agree with 
singular feminine. 
ELSE Modify the Arabic verb form by 
adding/removing affixes to agree with the 
subject in gender 

5. IF other grammatical feature is present THEN 
Modify the Arabic verb by adding/removing affixes. 

6. Store the verb 
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CONCLUSION 
We have discussed two important issues that affect the 

quality of translation from English into Arabic, word order 
and agreement. The ANN and rule based machine translation 
system handles these issues by adding some information to the 
knowledge attached to the words at the ANN dictionary, and 
by using rules to adjust the words for reordering and 
agreement. The use of attached information and rules differs 
according to the target Arabic sentence structure. 
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Abstract- In this paper, we propose the design of a 

computer aided diagnostic (CAD) system for early 

detection of breast cancer from digital 

mammographic images. The main components of the 

CAD system are pre-processing, image segmentation, 

feature extraction, feature selection, and classification. 

The basic objective of this paper is to evaluate the 

effect of use of various image segmentation 

techniques on the overall  performance of the CAD 

tool for the detection of micro calcification and mass 

detection.The various image segmentation techniques 

used and examined are Otsu’s method, K -means 

clustering, and Fuzzy C-means clustering. The overall 

performance of the CAD system is evaluated in terms 

of confusion matrix, error rate, precision, sensitivity, 

specificity, and overall classification accuracy. 

Keywords- Computer aided diagnostic (CAD) tool; 

digital mammographic images; cancer detection; image 

segmentation; feature extraction and selection; 

classification; support vector machine. 

I. INTODUCTION 

 Mammographic images are playing very vital role 

in the field of early breast cancer detection. Breast 

cancer is the most common form of cancer and it is 

the second leading cause of cancer death after lung 

cancer. Women in the India have about a 1 in 9 

lifetime risk of developing invasive breast 

cancer .Early detection of breast cancer increases 

the survival rate and increases the treatment options. 

Radiologists visually search mammograms for 

specific abnormalities. Some of the important signs 

of breast cancer that radiologists look for are 

clusters of micro calcifications, masses, and 

architectural distortions. Screening mammography, 

radiographic imaging of the breast is currently the 

most effective tool for early detection of breast 

cancer. Screening mammographic examinations are 

performed on women to detect early, clinically 

unsuspected breast cancer.The most common 

breast abnormalities that may indicate breast cancer 

are masses and calcifications. Calcifications are 

deposits of calcium in breast tissue. Calcifications 

detected on mammograms are an important 

indicator for malignant breast disease but also in 

many benign changes.Breast tumors and masses 

usually appear in the form of dense regions in 

mammograms. Architectural distortion is defined 

as distortion of normal architecture with no definite 

mass visible, including speculation radiating from a 

point and focal retraction or distortion at the edge 

of the parenchyma [2]. Architectural distortion of 

breast tissue can indicate malignant changes 

especially when integrated with visible lesion such 

as mass, asymmetry or calcifications. Masses must 

be classified as benign or malignant. Atypical 

benign masses a round, smooth and well 

circumscribed boundary. A malignant tumor 

usually has a speculated, rough, and blurry 

boundary [5]. Subtle signs that can also lead to 

breast cancer diagnosis, such as architectural 

distortion and bilateral asymmetry. Calcifications 

are calcium deposits inside the breast [3]. Micro 

calcifications are very important for the early breast 

cancer detection. Micro calcifications are usually 

associated with extra cell activity in the breast 

tissue and are grouped in clusters that can be a sign 

of developing malignant tumor. Scattered micro 

calcifications are usually a part of benign breast 

tissue. In mammograms calcifications are seen as 

bright dots of different sizes. The exact position of 

micro calcifications cannot be predicted, as well as 

their number. The various steps involved in the 

design of a CAD tool for cancer detection from 

digital mammographic images include: pre-

processing, image segmentation, feature extraction 

and evaluation, and classification
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Figure 1. Calcification distribution 

 

Figure 2.  Micro-calcification (a) round mass with circumscribed margins, (b) fine pleomorphic clustered calcifications. 

 

 

 

Figure 3. Various steps involved in the design of a CAD tool for cancer detection 

In this paper, we propose the design of a computer 

aided diagnostics (CAD) system for early detection 

of breast cancer from digital mammographic 

images.  Emphasis is given on the evaluation and 

effect of various image segmentation algorithms 

used by CAD systems. We also propose to evaluate 

the overall performance and accuracy of the CAD 

system resulting from different combinations of 

image segmentation algorithms. 

Numerous promising approaches are coming up 

and have been formulated to develop computer 

aided breast cancer detection and diagnosis [1]. 

Many researchers [3-5] used different approaches 

to do the segmentation and classification step is 

very important for computer aided diagnosis (CAD) 

system and its performance. Leonardo de, Oliveira 

Martins [6] proposed an approach for classification 

through Support Vector Machines, to group the 

masses in two classes , using shape and texture 

characteristics: masses and non-masses . The 

methodology performed well with 85% of accuracy. 

Tang et al. [7] present an overview of advances in 

the development of such tools and related 

techniques. Belloti et al. [8]  presented an 

automatic computational tool for detection of 

masses where an edge based segmentation 

algorithm is used by the authors to segregate 

suspected areas. 

 

 

Pre-Processing Segmentation  Feature 

Extraction  

Feature 

Selection 

Classification  
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II. METHODS AND MODELS  

The basic concepts used in the design of a CAD 

system for breast cancer detection from digital 

mammographic images are described in flowchart 

(Figure 4). 

A. Pre-processing  

Enhancement of mammographic images using 

histogram equalization method such as Contrast 

limited histogram equalization (CLAHE) or by the 

use of median filter [18]. Here, in this study we 

propose to use contrast limited histogram 

equalization (CLAHE) technique for image 

enhancement. 

 

CLAHE [6] differs from ordinary adaptive 

histogram equalization in its contrast limiting. This 

feature can also be applied to global histogram 

equalization, giving rise to contrast-limited 

histogram equalization (CLHE), which is rarely 

used in practice. In the case of CLAHE, the 

contrast limiting procedure has to be applied for 

each neighborhood from which a transformation 

function is derived. CLAHE was developed to 

prevent the over amplification of noise that 

adaptive histogram equalization can give rise to. It 

is advantageous not to discard the part of the 

histogram that exceeds the clip limit but to 

redistribute it equally among all histogram bins. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Flowchart describing working of the CAD system 

 

B. Image Segmentation 

 

Image segmentation refers to extraction of region 

of interest (ROI) containing micro-calcifications or 

mass lesions for further feature extraction and 

classifying the image as benign, malignant or 

normal. The various image segmentation 

techniques can be classified as thresholding method, 

region based methods, clustering approaches such 

as k-means clustering, Fuzzy C-means clustering, 

active contours etc. The various methods in 

consideration include: 

 K- Means Clustering [15]:  

Given an initial set of k means m1
(1)

,…,mk
(1)

 (see 

below), the algorithm proceeds by alternating 

between two steps: 

Assignment step: Assign each observation to the 

cluster with the closest mean (i.e. partition the 

observations according to the Voronoi 

diagram generated by the means). 
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Update step: Calculate the new means to be the 
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 Fuzzy C- Means Clustering [10]: 

 In hard clustering data is divided into distinct 

clusters, where each data element belongs to 

exactly one cluster. In fuzzy clustering (also 

referred to as soft clustering), data elements can 

belong to more than one cluster, and associated 

with each element is a set of membership levels. 

These indicate the strength of the association 

between that data element and a particular cluster. 

Fuzzy clustering is a process of assigning these 

membership levels, and then using them to assign 

data elements to one or more clusters. It is based on 

the following objective function: 

∑ ∑    
 ‖     ‖  

   
 
    1≤m< ∞             (3) 

where m is any real number  greater than 1 ,    is 

the degree of membership of     in the cluster j,   
is the ith of d-dimensional measured data,    is the 

d- dimension centre of the cluster , and ‖ ‖ is any 

norm expressing the similarity between any 

measured data and the center. 

 Otsu’s method [11][12] 

Otsu's method is used to automatically perform 

histogram shape-based image thresholding or, the 

reduction of a gray level image to a binary image. 

The algorithm assumes that the image to be 

Pre-processing    
(Enhancement) 

Benign 

Malignant 

         Mammogram Image Database 

            Segmentation  

Feature Extraction and Selection 

 

Decision 

Support 

System 
( SVM) 

Classification  

Normal Images Abnormal Images 
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thresholded contains two classes of pixels or bi-

modal histogram (e.g. foreground and background) 

then calculates the optimum threshold separating 

those two classes so that their combined spread 

(intra-class variance) is minimal. In Otsu's method 

we exhaustively search for the threshold that 

minimizes the intra-class variance (within class 

variance), defined as a weighted sum of variances 

of the two classes: 

)(2
2

)(
2

)(2
1

)(
1

)(2 ttttt
w

                 (4) 

Weights 
i

  are the probabilities of the two classes 

separated by a threshold t and 2
i

 variances of 

these classes. 

 

C. Feature Extraction and selection 

 

After performing the image segmentation and 

selecting the appropriate region of interest (ROI) 

containing micro calcifications and mass lesions 

from each image in image database, the next step is 

the feature extraction from ROIs. Some 

representative features [18] for the problem under 

consideration include: Histogram Features such as 

mean, standard deviation, variance, kurtosis, 

skewness, and moments. Texture features of an 

image may be extracted from its gray level co-

occurrence matrix (GLCM), and gray level 

difference matrix (GLDM). The various important 

features include: Contrast, homogeneity, 

dissimilarity measures, uniformity, energy, entropy, 

GLCM’s mean, variance and correlation. Other 

methods for texture feature extraction includes: 

Texture Energy Measures (TEM) using absolute 

mean, standard deviation etc. 

 

D. Feature Selection and Evaluation  

 

The overall objective of this step is to use less 

number of selected features for classifying the 

mammographic images as benign, malignant or 

normal. If we extract the N number of features for 

the input image and all images in database then a 

feature vector is formed for each feature and all 

feature vectors constitute a feature space.  After 

constituting a feature space, the next task is to 

select the most relevant features which best 

describes the image content from the overall 

feature space. This can be done by computing some 

sort of feature scores for each images and sorting or 

ranking them according to their relevance. The task 

of feature selection and evaluation, which is related 

to dimensionality reduction, is a major step in 

classification as this step has a major impact on the 

overall efficiency of a CAD system.  The various 

approaches available in literature for feature 

selection include [19]: Principal Component 

Analysis (PCA), Forward Sequential Analysis, 

Backward analysis methods, Linear Discriminant 

Analysis, Majority Voting Method, Laplacian 

Scores method, Genetic algorithm based 

approaches, Particle Swarm Optimization methods 

etc. In this study we propose to use forward 

sequential method for feature selection. The 

forward feature selection [19] procedure begins by 

evaluating all feature subsets which consist of only 

one input attribute. In other words, we start by 

measuring the Leave-One-Out Cross Validation 

(LOOCV) error of the one-component subsets, 

{X1}, {X2}, ..., {XM}, where M is the input 

dimensionality; so that we can find the best 

individual feature. 

 

E. Classification 

The process of comparing an unknown object with 

stored patterns to recognize the unknown object is 

called classification.It is the process of applying a 

label or pattern class to an unknown instance. It is 

the study of how machines can observe the 

environment, learn to distinguish patterns of 

interest and make reasonable decisions about the 

categories of the patterns.One of the important 

component in pattern recognition is the ability of 

the system to learn from the data.Learning means 

the development of algorithms by acquiring 

knowledge from the given empirical data.Various 

learning approaches are: supervised learning, 

unsupervised learning, and reinforced 

learning.After feature selection, the next step is 

image classification which consists of two 

phases:Training Phase, Testing Phase. In training 

phase, a classifier first need to be trained or better 

say it should learn the complex relationship 

between   the input image features using the 

training data. In testing phase, after the learning 

process is over the classifier is called a ‘learnt 

system’ and produces a classification model, 

therefore the classifier assigns level either as 

correct or incorrect. We divide the whole image 

database in to two parts consisting of one set of 

images for training phase and another set of images 

for testing phase. For classification purpose we use 

support vector machines based classifier with linear 

function as a kernel function.  

 Support vector machine (SVM) [10-11] is 

a powerful classification algorithm and well suited 

the given task. It addresses the general problem of 

learning to discriminate between positive and 

negative members of a given class of n- 

dimensional vectors. The algorithm operates by 

mapping the given training set into a possible high 

dimensional vectors. The algorithm operates by 

mapping the given training set into a possibly high 

dimensional feature space and attempting to learn a 

separating hyper plane between the positive and the 

negative examples for possible maximization of the 

margin between them [12]. The margin 
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corresponds to the distance between the points 

residing on the two edges of the hyper plane. 

 

III. RESULTS AND ANALYSIS 

 In this paper, we have implemented a CAD tool in 

MATLAB, on a Intel Core Duo Pentium Processor 

with 2GB RAM, for early detection of breast 

cancer from digital mammographic images. We 

used Contrast limited histogram equalization 

(CLAHE) for enhancement. The segmentation 

techniques used include Otsu’s method, K -means 

clustering, and Fuzzy C-means clustering. Total of 

10 features were extracted, which are as follows: 

Histogram based Features: Mean, standard 

deviation, skewness, kurtosis; Texture Features: 

Contrast, energy, perimeter; and Geometric 

Features: Area, perimeter, and centroid. For feature 

selection, forward sequential selection method was 

used. For classification purposes, we used support 

vector machine with linear kernel function as a 

classifier. All tests were performed on a subset of 

mammogram images obtained from 

Mammographic Image Analysis Society (MIAS) 

database [14]. We used 40 ( 20 Normal + 20 

Abnormal) mammographic images for training 

phase and 41( 20 Normal + 21 Abnormal ) 

mammographic images for testing phase The 

performance of the CAD tool,which uses support 

vector machine as classifier, for different 

segmentation techniques K-means, Otsu and Fuzzy 

C – means have been evaluated in terms of 

following metrics: 

Accuracy = 
             (  )   (             )

                       
     

(5) 

Total=TN+TP+FP+FN                                         (6) 

ErrorRate=(FP+FN)/total                                     (7) 

Precision=TP/(TP+FP)                                         (8) 

Sensitivity=TP/(FN+TP)                                      (9)                            

Specificity=FP/(FP+TN)                                    (10) 

 

Confusion matrix 

A confusion matrix is also used for determining the 

performance of the classifier. A confusion matrix 

contains information about actual and predicted 

classification done by the classifier. TN is the 

number of correct predictions that an instance is 

negative. FP is the number of incorrect predictions 

that an instance is positive. FN is the the number of 

incorrect predictions that an instance is negative. 

TP is the number of correct predictions that an 

instance is positive. 
 

Table I    CONFUSION MATRIX 

 
Table II CONFUSION MATRICES FOR SVM CLASSIFIER 

  

Actual 

Class 

Predicted 

Class for 

k-means 

clustering 

Predicted Class 

for Otsu’s 

segmentation 

Predicted Class 

for Fuzzy C-

means 

segmentation 

Negat

ive 

Positi

ve 

Negati

ve 

Positi

ve 

Negati

ve 

Positi

ve 

Negati

ve 

17 4 13 8 16 5 

Positiv

e 

12 8 6 14 8 12 

The figure 5, shows the results of various image 

segmentation techniques on sample image mdb184. 

Pgm. The performance of the proposed designed 

tool for different segmentation techniques are given 

in Tables II-III. Table II lists the confusion matrix 

for the classifier when k-means clustering, Otsu’s, 

and fuzzy c-means clustering segmentation is used. 

The values of  TN, FP, FN and TP are 17, 4, 12, 

and 8 respectively when k-means clustering is 

used. The values of  TN, FP, FN and TP are 13, 8, 

6, and 14 respectively when Otsu’s segmentation is 

used. The values of  TN, FP, FN and TP are 16, 5, 

8, and 12 respectively when Fuzzy C-means 

clustering is used. Table III, lists the overall 

performance of the proposed CAD tool using three 

segmentation techniques viz. K-means, Otsu’s, and 

Fuzzy C-means. The accuracy of the CAD tool 

classifier is 63.4146%, 65.8537%, and 68.2927 % 

for the three above mentioned segmentation 

techniques respectively. From Table III, we 

observe that the performance of the CAD tool is 

better when we use the Fuzzy C-means 

segmentation techniques with accuracy of 

68.2927%. 

 

IV CONCLUSION 

 

 In this paper, we have proposed the design of a 

CAD tool for early detection of breast cancer from 

digital mammographic images. The various steps 

involved in the design of the CAD tool include 

enhancement, feature extraction, segmentation, and 

classification. For image enhancement purposes we 

used CLAHE method for image enhancement. 

Total of ten features were used. These features 

belong to histogram features group, texture features 

and geometric features. For feature selection we 

used forward sequential method. For image 

segmentation we used three methods viz. k-means 

clustering segmentation, Otsu’s segmentation, and 

fuzzy c-means method. For classification purposes 

we used a support vector machine with linear 

Actual Class Predicted Class 

Negative Positive 

 Negative TN FP 

Positive FN 
 

TP 
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kernel function. The performance of the overall 

CAD tool for classification of images in to benign 

and malignant categories have been evaluated for 

all above mentioned three image segmentation 

techniques. The performance of the CAD tool was 

evaluated in terms of confusion matrix, error rate, 

precision, sensitivity, specificity, and accuracy. 

From the obtained results we observe that the CAD 

tool is performing better for fuzzy c-means based 

image segmentation techniques. 
 

 

Table III Performance of CAD tool for different segmentation techniques 

S.N. Segmentation 

Method 

True  

-ve (TN) 

True  

+ve 

(TP) 

Error 

Rate 

Precision Sensitivity Specificity Accuracy 

(%) 

1. K-means 15 11 0.3902 0.66660 0.40000 0.190470 63.4146 

2. Otsu 13 14 0.3414 0.63636 0.70000 0.380952 65.8537 

3. Fuzzy C-means 16 12 0.3170 0.70588 0.60000 0.2380952 68.2927 

 

 

Figure 5. Results of segmentation mdb184.pgm, a) top-left: original image b) top-right: Otsu’s segmented image c) bottom-left: k-means 

segmented image d) bottom-right: fuzzy c-means segmented image 

REFERENCES 
[1] Acha, B., Rangayyan, R.M., Desautels, J.E.L., “Detection of 

Microcalcifications in Mammograms”. In: Suri, J.S., 

Rangayyan, R.M. (eds.) Recent Advances in Breast Imaging, 
Mammography, and Computer-Aided Diagnosis of Breast 

Cancer. SPIE, Bellingham, 2006. 

[2] American College of Radiology (ACR): ACR Breast 
Imaging Reporting and Data System, Breast Imaging Atlas, 4th 

edn., Reston, VA, USA , 2003. 

[3] Rangayyan, R.M., Ayres, F.J., Desautels, J.E.L, “A Review 
of Computer-Aided Diagnosis of Breast Cancer: Toward the 

Detection of Subtle Signs”, Journal of the Franklin Institute, pp. 

312–348, 2007. 
[4] Sampat, M.P., Markey, M.K., Bovik, A.C., “Computer-

Aided Detection and Diagnosis in Mammography”, In: Bovik,  

A.C. (ed.) Handbook of Image and Video Processing. Elsevier 
Academic Press, Amsterdam, 2005. 

[5] H. D . Cheng, X.J. Shi, R. Min, L.M. Hu, X.P. Cai, H.N. Du, 

“Approaches for Automated Detection and Classification of 
Masses in Mammograms”, Pattern Recognition, Vol. 39, No.4, 

pp.646–668, 2006. 

[6] L. de Oliveira Martins, G. B. Junior,, Arist´ofanes C. Silva et 

al.,” Detection of Masses in Digital Mammograms using K-

means and Support Vector Machine”, Electronic Letters on 

Computer Vision and Image Analysis, Vol. 8, No. 2, pp. 39-50, 
2009. 

[7] J. Tang, R. Rangayyan, J. Xu, I. El Naqa, Y. Yang, 

“Computer-aided detection and diagnosis of breast cancer with 
mammography, IEEE Transactions Recent advances, 

Information Technology in Biomedicine, Vo. 13, No. 2, 236–

251, 2009. 
[8] R. Bellotti, ”A completely automated CAD system for mass 

detection in a large mammographic database”, Medical Physics 
vol. 33, pp. 3066+, 2006. 

 [9] Zuiderveld, Karel,  "Contrast limited adaptive histogram 
equalization", Graphics gems IV, Academic Press Professional, 

Inc., pp. 474–485, 1994. 

[10] W. Cai, S. Chen, and D. Zhang, “Fast and robust fuzzy c-
means clustering algorithm incorporating local information for 

image segmentation”, Pattern Recognition, Vol. 40, No. 3, pp. 

825-838, 2007. 
[11] M. Sezgin and B. Sankur, “ Survey over image 

thresholding techniques and quantitative performance 
evaluation”.Journal of Electronics Imaging, Vol. 13, No. 1, pp. 

146-165, 2004.  

[12] Nobuyuki Otsu, “ A threshold selection method from gray- 
level histogram”, IEEE Trans. Sys. Man. And Cyber, vol. 9, 

No.1, pp. 62-66, 1979. 

[13] N. Cristianini, and J. Shawe-Taylor, An introduction to 
Support Vector Machines, Cambridge, UK: Cambridge 

University Press.2000. 

[14] V.N. Vapnik, Statistical Learning Theory, Wiley,1998. 
[15]Arthur, D., Manthey, B.,  Roeglin, H, "k-means has 

polynomial smoothed complexity". Proceedings of the 50th 

Symposium on Foundations of Computer Science (FOCS), 2009. 
[16] D. Aloise, A. Deshpande, P. Hansen, P. Popat,  "NP-

hardness of Euclidean sum-of-squares clustering".Machine 

Leaning, Vol. 75, pp. 245–249, 2009. 
[17]Mammographic Image Analysis Society (MIAS) database. 

http://www.mammoimage.org/databases/  

[18] A.K. Jain, Fundamentals of Digital Image Processing, PHI, 
India, 2006. 

[19] M. Dash, H. Liu, “Feature Selection for Classification”, 

Intelligent Data Analysis, vol. 1, pp.  131–156, 1997. 
 

Original image  Otsu segmented image

K-means segmented image Fuzzy c-means segmented image

29

http://www.mammoimage.org/databases/


Adaptive Intelligent Handoff Algorithm in 
High Altitude Platform System 

S.H.A.Al.Samhi1, N.S.Rajput2, V.N.Mishra3 * 
1,2,3 Electronics Engineering,Indian Institute of Technology(Banras Hindu University),Varanasi 

Ibb-Yemen, Varanasi- India , Varanasi- India 
Saeed.hamood.ece10@itbhu.ac.in,nsrajput.ece@itbhu.ac.in,vnmishra.ece@itbhu.ac.in 

 
 

Abstract— Recently, artificial neural networks have been 
utilized to improve handoff algorithms due to its ability to 
handle large data in fast processing. As a revolutionary wireless 
system, HAPS can supply services for uncovered area improving 
total capacity of service-limited area by a terrestrial BS. 
Handoff algorithm is used in wireless cellular systems to decide 
when and to which base station (BS) to handoff in order that the 
services can be continued uninterrupted. Efficient handoff 
algorithm cost effective enhances the capacity and quality of 
services of communication system. Radial-Basis function (RBF) 
network is used for making a handoff decision to the chosen 
neighbor BS. This paper presents novel approaches for the 
design of high performance handoff algorithm that exploit 
attractive features. The tools of artificial intelligent utilized in 
this paper and simulations have done by using artificial neural 
network. The neural inputs consist of the averaged signal 
strength received, user directions, and traffic intensities.  
 
  Keywords- HAP movement; RBF neural network; handoff 
algorthim 

I.  INTRODUCTION  

     Recently, artificial neural networks (ANNs) have been 
applied to many diverse problems. Adaptive parameters such 
as user speeds, received signal strengths for pattern 
classification provide a multiple of criteria handoff algorithm 
[1]. Neural network is trained to predict a user’s transfer 
probabilities which represent the user movements [2]. A 
technique to recognize signal patterns of (mobile station) MS 
using probabilistic neural network is introduced in Rayleigh 
fading channel [3]. 
    Cellular communications provides communication facility 
to users called (MSs). A service area is divided into a number 
of cells. Several such cells constitute a cluster. The available 
frequency spectrum is used in each cluster. Each cell in a 
cluster uses a fraction of the available channels in the 
spectrum allocated according to a channel assignment strategy 
and is served by (BS). Handoff is a common technique 
employed by all cellular systems both terrestrial [4] and 
satellite, which has been proven vital both for ensuring 
uninterrupted connections and increasing system capacity.  
For terrestrial systems, it is common that the user moves with 
the (BS) being fixed. In this section we are assuming that the 
platform in a HAP(High Altitude Platform) system will be 
moving and the users will be fixed (the case of Broadband 
Fixed Wireless Access (BFWA)).Taking into account the 
movements of the HAP, it is possible by employing a 
combination of handoff techniques and a steering mechanism, 
to avoid interruptions on the link between the user and the 
platform. To do so, either the Customer Premises Equipment 

(CPE) should be able to keep track of the platform and / or the 
HAP itself should employ an antenna steering mechanism to 
maintain a constant coverage.  
The handoff  process determines the spectral efficiency and 
the quality perceived by users [5]. Efficient handoff 
algorithms cost-effectively preserve and enhance the capacity 
and Quality of Service (QoS) of communication systems. 
Handoff algorithm makes it possible to maintain link quality. 
In Hysteresis method [6], handoff occurs when the difference 
of signal strength received from target and current BSs is 
higher than Hysteresis level. 

 
Fig.1 Concept of HAP Cellar  

HAPS cellular system can be considered as a complementary 
to the terrestrial cellular system, to improve and expand the 
coverage services. As shown in Fig. 1, HAPS can supply 
services to the mobile having weak signal from the serving 
terrestrial BS influenced by shadowing, turning corner as well 
as being outside the terrestrial coverage.HAP coverage area 
divided to three zone that are (UAC),(SAC),(RAC)[7][8].this 
paper divided into seven parts: section I, gives brief 
introduction about handoff algorithm in HAP system; in 
section II HAP movement  with solutions is described. Neural 
network algorithm is covered in section III and section IV, 
described the handoff scenario in cellular system. Handoff 
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algorithm described in section V. the result discussions are 
taken up in section VI. Finally, section VII, conclusion of this 
work. 

II. HAP MOVEMENT WITH SOLUTIONS 

Really the position of HAP is not fixed and will vary with 
time dependent on the prevailing winding conditions in the 
stratosphere.[9]projects have also investigated the potential of 
using phased array technology  to cope with platform 
movement. 

A.  Vertical movement   

As shown in Fig.2 HAP comprises individual antennas for 
individual cells on the ground which is fixed in relation to 
each other then coverage area on the ground has subtended 
angle that is fixed. As well as the coverage area can be 
calculated by the following formula[10]: 
∆� = ���ℎ + ∆ℎ	
���2−��ℎ 
��	2. 

∆A is the coverage area, h is the altitude, ∆h is change of high 
and  ϑ is subtended angle which is fixed. 

 
Fig.2 Vertical movement of HAP   

B. Horizontal displacement 

As shown in Fig.4 HAP movements can change position or 
distort the shape of the individual cells. In the case where the 
HAP drifts from the centre of the coverage area, cells move 
from their intended position. 
The coverage will be increase in the direction of the platform 
and the user in opposite direction will lose coverage. The 
approximate coverage as the following: 
∆� ≈ ��������� 2-4r).5 

Where r is the coverage radius and disp is the horizontal 
displacement. 

C. Solutions Steerable antennas in HAP 

Using platform antenna for adjustment mechanism for 
horizontal and vertical position .the simplest form is apply a 
correction to each and every antenna on platform to adjust its 
angle boresight point directly to the position on the ground. 
Applying a tilt to the whole antenna on the platform, this is a 
single correction rather than a number equal to the number of 

cell. For change horizontal position only the same tilt angle 
may be applied to all antennas [10].the following expression 
can be used to determined inclination angle[10] : 

∆∅ = 1
2 �atan ���

ℎ� − �
�� ��� !"#$
ℎ �

− %atan ���
ℎ� − �
�� ���&!"#$

ℎ �'� 

Where : )* is the distance from the centre of the coverage 
area to the centre of any corner cell. 
 

 
Fig.3 Horizontal displacement of HAP 

The correction angle equates to the coverage angle required to 
correct for the closest and furthest points on the coverage area 
circumference to the HAP[10].If there is no adjustment 
applied as the platform changes height the area coverage on 
the ground increases or decreases as the platform increase and 
decreases its altitude. The method splits the antenna ensemble 
or array into a number of segments or sub-arrays partitioned 
radially[10].The optimum correction angle as following: 

∆+ = atan , ��
ℎ-

. − atan � ��
ℎ/&∆0

	 

III.  NEURAL  NETWORK ALGORITHEM 

Recently, artificial neural networks (ANNs) have been applied 
to many diverse problems. ANNs are one tool of artificial 
intelligence (AI). An ANN is a massively parallel distributed 
processor that stores experimental knowledge; this knowledge 
is acquired by a learning process and is stored in the form of 
parameters of the ANN [11]. Characteristics of ANNs are 
massively parallel distributed architecture, ability to learn and 
generalize, fault tolerance, nonlinearity, and adaptively. The 
learning in ANNs can be unsupervised or supervised. 
The ANN consists of a number of neurons arranged in a 
particular fashion. The three basic elements of a neuron are 
the synaptic weights (or weights), the summing junction, and 
the activation function. In Fig.4 explains the fundamental 
component of the ANN, an artificial neuron. Radial basis 
function Radial-basis functions (RBF) to the neural network 
as depicted in Fig. 4 for making handoff decisions. The basic 
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structure consists of three layers; input layer, hidden layer and 
output layer [11]. The number of nodes used in the hidden 
layer is 20. This number was found after training he network 
and it made the errors converged. 

 
Fig.4 RBF neural network 

Input nodes are [x1,,........, x5] and the output equal to 
summation of  hidden layer. The output decide whether  the 
system  needs handoff or not. Y1 and Y2 are equal to 00 that 
mean no handoff will be performance .if Y1 and Y2 are equal 
to 11, the system will handoff the mobile to chosen the base 
station. The output of the hidden layer 
123��	 = �12��	, … … … … , 126/��	 

• Initialize al the following, the center value 78"�0	, 

ℎ: ���� ;�<=:>8�0	, ?:�@ℎ
 ;:A
B� 1C�0	 
:D�:A
 133�0	 = 163�0	 = 1 

• calculate the output of the hidden layer by  
E8 = exp �−((D" − 7"8��			2 /2>86��		 

• Calculate the output  
I2 = J�∑ 128 ��	EL �MLNO  , k=1,2;M=20 

• Calculate the error  
:2 = �2−P2 where �2QR0,1��:���:� ��

:�� 

• Update the weight  
128�� + 1	 = 128��	 − τT:2U8 ; τTlearning rate of weight  

• Update the center  momentum: 

7"8�� + 1	 = 7"8��	 + VW
U8
>8

�D" − 78"��	� X :2?28��	 

VW is the learning of  rate of center. 
• Update span: 

>8�� + 1	 = >8��	 − 6YZ [\
]\�^	 <�U8 ∑ :2?28��	; V] learning rate 

of span. 
• Repeat the steps until the mean square error 

convergence less than small number. 
• The input to neural network are X1 is the direction of 

the user, x2 is signal strength of receiver from BS,x3 is signal 
strength received  from target BS,x4 is the traffic intensity, 
and x5  is the mean time target of BS. 

IV.  HANDOFF SCENARIO IN CELLULAR SYSTEMS 

Handoff  is a process of transferring a mobile station from one 
base station or channel to another as shown in Fig.5.Handoff   
represents one of the radio resource management tasks carried 
out by cellular systems. Other resource management functions 
include admission control, channel assignment, and power 
control. 
Handoff may be caused by factors related to radio link, 
network management, or service options [12] [13]. A handoff 
made within the currently serving cell  is called an intra cell 
handoff. A handoff made from one cell to another is referred 
to as an inter cell handoff. Handoff may be hard or soft. Hard 
handoff (HHO) is \break before make," meaning that the 
connection to the old BS is broken before a connection to the 
candidate BS is made. HHO occurs when handoff is made 
between disjointed radio systems, different frequency 
assignments, or different air interface characteristics or 
technologies [14]. Soft handoff (SHO) is \make before break," 
meaning that the connection to the old BS is not broken until a 
connection to the new BS is made. In fact, more than one BS 
is normally connected simultaneously to the MS.  

 
Fig.5Handoff scenario 

V. HANDOFF ALGORITHM  

After every small time interval, the simulator checked whether 
the position of the HAP had changed as shown in Fig.6 and 
then initiated handoff if required.  

 
Fig.6 Handoff algorithm 
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If the position of the platform has changed, then all users that 
have been affected must first be identified and be removed 
temporarily from the system. The users must then be added 
back into the system and connected to the new cell.  

 
This is to eliminate the case where users are being dropped 
from a cell that is waiting for some of its current users to be 
connected to another cell. 
In this case the cell will have a number of channels available 
as soon as its handoff users release the channels they occupy. 
The point is to ensure that these channels are available for the 
new handoff users coming to the cell. The affected users are 
consisting a small proportion of the total number of users 
within a cell. Since the capacity is allocated on a case by case 
basis, the overhead will not be significantly high. There are 
major feature of handoff algorithm and several desirable 
feature of handoff algorithm should be fast, successful, the 
effect of handoff on the equality of services should be 
minimum, should be maintain the planning cellular borders to 
avoid congestion, the number of handoff should be 
minimized, target cell should be chosen correctly minimal 
effect on new cell blacking, procedure should be minimize the 
number of connecting call drop outs by providing desired 
QOS. 

VI.  RESULT  

Radial-Basis function (RBF) network is used for making a 
handoff decision to the chosen neighbor BS. The neural inputs 
consist of the averaged signal strength received from the 
serving and nearby BS , user directions estimated an antenna 
array, and traffic intensities. Positioning a mobile station (MS) 
is obtained by apply the timing advance concept.  

 
Fig.7 Handoff rate versus mean arrival time 

When mean arrival time is increase the handoff rate decrease 
smoothly as shown in Fig.7. when traffic intensity increase the 
handoff rate increase as shown in Fig.8. 

 
Fig.8 Handoff rate versus traffic intensity 

Fig.7,8 is shown the important of using RBF to decised the 
handoff . In path loss probagation the handoff algorithm 
using the RBF network out performes .By using RBF 
network, handoff  rate, blocking rate are lowest in any traffic 

intensity.We consider th signal strength ,position, direction, 
and traffic intensity, the unnecessary handoff reduce . 

VII.  CONCLUSION  

A high performance handoff algorithm can achieve many of 
the desirable features by making appropriate tradeoffs. 
However, several factors such as topographical features, 
traffic variations, propagation environments, and system-
specific constraints complicate the task of handoff algorithms. 
Effective handoff algorithm based on RBF network in high 
altitude platform station cellular systems. HAPS system can 
provide services to the users staying at the corner of cells or at 
covered area influenced by shadowing. Besides the averaged 
received signal strength, user position and direction and traffic 
intensity are inputs of the neural networks. We use the RBF 
and BP to construct the networks. As the result is shown the 
hand off rate increase when traffic intensity increase and 
decrease when mean arrival time increase. 
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Abstract—This paper concentrates on kernel features of fused 
images of visual and thermal images in the wavelet domain. Here, 
Daubechies wavelet transform, termed as db4, is used to get fused 
coefficients from gradient visual and corresponding thermal 
image. After applying Gaussian filtering, fusion of the gradient 
extracted from the gray level visual image and the corresponding 
gray level thermal image is performed. These fused images are 
passed to Kernel Independent Component Analysis (KICA) to 
extract robust and independent low level features from the 
original image data. KICA is introduced to overcome the 
complex, nonlinear variations due to illumination changes, view 
point changes etc. These feature extracted fused images are then 
classified using support vector machine multiclass method. The 
experiment is conducted for performance evaluation of the 
independent face features using KICA on IRIS Thermal/Visual 
Face Database. Experimental results show that independent face 
features achieve higher recognition rate in polynomial kernel 
than linear kernel. 

Keywords-fused image; daubechies wavelet transform; kernel 
independent component analysis (KICA); support Vector Machine 
(SVM); classification; IRIS database 

I.  INTRODUCTION  
Face recognition has been extensively spread within the 

research and development communities in the last decade. The 
researchers for face recognition have developed a large number 
of methods. However, these methods give poor performance 
under variable illumination, pose and facial expression.Visual 
image based face recognition are used the most at present, but 
in different lighting condition, visual images lose their quality. 
To tackle these problems, thermal images are gaining much 
interest in these days because of their illumination invariant 
properties. Thermal infrared (IR) images have several 
advantages over conventional visible images. Most of the light 
in the mid-to-long wave IR is emitted rather than reflected [1], 
[2]. Thermal images also have some limitations like facial hair, 
glasses, or cosmetics. Therefore, to extract the advantages from 
both types of images, fusion is the most constructive notion as 
it combines multiple information sources together and 
produces a more informative representation of the data [3].  

Hanif et al. [4] have discussed data fusion of thermal and 
visual images to overcome the drawbacks present in individual 

thermal and visual images. Bebis et al. [5] discussed that 
infrared (IR) imagery offers a promising alternative to visible 
imagery, due to its relative insensitivity to variations in face 
appearance caused by illumination changes. Thermal IR 
images have several shortcomings including that it is opaque to 
glass. A detailed overview on wavelet transform for image 
fusion using image decomposition and reconstruction has been 
put forward by M. K. Bhowmik et al. in [6].  M. K. Bhowmik 
et al. [7] discussed different wavelet transformations of fused 
images. Coefficients of discrete wavelet transforms from both 
optical and thermal images were computed separately and 
combined. They also used inverse discrete wavelet 
transformation in order to obtain fused face image. Haar and 
Daubechies (db2) wavelet transforms have also been used. M. 
K. Bhowmik et al. [8] have been investigated Quotient based 
fusion of thermal and visual images, which were passed 
separately through level-1 and level-2 multi-resolution 
analyses. This approach, based on a definition of an 
illumination invariant signature image, facilitates an analytic 
generation of the image space with varying illumination. 
Principal Component Analysis (PCA) was used for dimension 
reduction of quotient fused images and then, those images are 
classified using a multilayer perceptron (MLP). The fusion of 
visual and thermal IR images is presented here to enhance the 
robustness of face recognition. Visual gradient image and 
corresponding thermal image are fused using db4 wavelet 
transform which has been described in section II. Then the 
fused image is used by KICA for feature extraction. These 
extracted images are classified using SVM. Different 
researchers have been examined the performance of KICA on 
face images, which has shown better recognition result than the 
other linear methods. J. H. Cao et al. [9] investigated face 
recognition method using KICA and Kernel-based improved 
PSVM that results better performance over native ICA method. 
Y. Huang et al. [10] proposed a new gabor based Kernel 
Independent Component analysis (GKICA) which got higher 
recognition rate than ICA and KICA.  

The contribution of the paper is to provide systematic 
KICA based method to classify the fused images of visual and 
infrared images for efficient face recognition system. To cope 
up with the non-linear variations due to illumination changes, 
we have introduced gradient based wavelet fusion and 
nonlinear feature extraction method, KICA in our work. The 
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paper is organized as follows: system overview has been given 
in Section II, which has demonstrated gradient based image 
fusion in the wavelet domain, nonlinear extension of 
independent component analysis, algorithmic steps of KICA 
and classification using SVM. Section III and IV are all about 
the discussion of the experimental results using IRIS database. 
Finally, the conclusion is made in section V. 

II. SYSTEM OVERVIEW 
The complete system implementation of this work is 

described with a block diagram, which is shown in Figure 1. 
At first, 2-D discrete wavelet transform of thermal and 
gradient visual images has been completed. After that, the 
fusion of coefficients (i.e. approximate and details) of thermal 
and visual images have been generated. These methods are 
described below. 

A. Gradient based Feature Level Fusion using 
Daubechies Wavelet 
It is appropriate to use Gaussian filtering [11] to smooth an 

image as well as generate the gradient images. According to 
the Tikonov regularization theory, Gaussian smoothing is a 
good approximation of the optimal polynomials to regularize a 
signal [12]. Regularization step is performed before the actual 
computation of partial derivatives of the image intensity and 
the effects of image noise are greatly reduced while preserving 
the integrity of the differential. After the completion of 
applying Gaussian filtering, fusion of the gradient extracted 
from the gray level visual image and the corresponding gray 
level thermal image is carried out.       

If, I be an image under variable lighting conditions, then 
Gradient image (GI) of image I is defined as in (1). 

 1tan , 0, 2
I yG G
I x

 
 
 
 

   (1) 

where Ix and Iy are the gradients of image I in the X and Y 
directions respectively [13]. We have performed the fusion of 
gradient visual and thermal image fusion because the gradient 
of the gray levels is partially insensitive to illumination 
changes (shadows can still produce spurious edges), but the 
combination with the thermal frequency component improves 
the robustness to illumination variation. 

This visual image has been smoothed first with Gaussian 
filter to compute the gradient. The smooth image is produced 
using the convolution type of smoothing. In the next step, 
smooth image has been computed to find out the gradient in 
the x and y direction. By taking the inverse tangent of the 
image gradients in Y and X direction respectively, the gradient 
images have been generated. The algorithm to generate the 
gradient images is given below. 

Input: Image I. Steps: 1. Creation of Gaussian Filter G, 2. 
To generate the smooth image IG by convolving the input 
image I with Gaussian Filter. IG = I * G, where, * is the 
convolution operator, 3. Find the gradients GX and GY of 
image IG in X and Y direction respectively,  IX=IG * GradX (x, 

y, σ) and IY =IG * GradY (x, y,σ), Where, GradX (x, y, σ) and 
GradY (x, y, σ) are the derivative of Gaussian Kernel function 
in X and Y direction respectively and σ is the standard 
deviation, 4. Calculating the inverse tangent of the image 
component, Output: Gradient Image IGrad. 

Visual gradient image and corresponding thermal image 
are fused using db4 wavelet transform. In Daubechies wavelet 
transform termed as db4, the image fusion is based on the 
combination of wavelet decompositions of the two original 
images. The fusion algorithm is as follows:  the two images 
are to be processed and resampled to the one with the same 
size; then, decomposition of images into the sub-images is 
made using forward wavelet transform having the same 
resolution at the same levels and different resolution at 
different levels; information fusion is carried out based on the 
high-frequency sub-images of decomposed images, and finally, 
inverse wavelet transform is applied to obtain the resultant 
image [14]. Next the fused image is used by KICA for feature 
extraction, which is described in the next section. 

B. Kernel Independent Component Analysis 
The KICA algorithm that was primarily developed for 

separating randomly mixed auditory signals [15], is efficient 
enough as a feature extraction method in face recognition. 
Kernel Independent Component Analysis (KICA) is a method 
based on kernel function, which allows data space to be 
mapped into high dimensional feature space, and also an 
improved feature extraction method from existing ICA. The 
concept of kernel in ICA has been introduced in face images 
due to the failure of linear methods of feature extraction and 
KICA combines the strength of both kernel and ICA. Linear 
methods like Principal Component  Analysis (PCA), Linear 
Discriminant Analysis (LDA), and Independent Component 
Analysis (ICA), which are three powerful tools largely used 
for dimension reduction, and feature extraction in the 
appearance-based approaches, are inadequate to describe 
complex non-linear variations due to illumination changes, 
facial expressions and aging [16], [17]. Non-linear extension 
of linear methods has been initiated to eliminate these 
problems. We have brought in the KICA as a feature 
extraction method since much of the information may be 
contained in the high order dependences among the pixels in 
the face image [18].   The steps of KICA are presented here as 
follows.  

1)  Centering of Fused Image:  Let MS be a mixed signal 
with m sources and n samples, ( )MS a m nij   , then we have 
to calculate the mean vector , shift=

1

1 { }
p

ij
i

a E xp 


,
 centered 

image=  MS shift  
2)  Whitening and Initializing of De-mixing matrix: Now we 

have to apply orthogonal triangular de-composition on the 
mean centered image and produce one unitary matrix Q and 
one upper triangular matrix R. 

( )Q u m nij    , ( )R ut m nij    , here the elements below 
diagonal are zero. Apply singular value decomposition on 
transpose of upper triangular such that  

' , ' ( )R theta lamda V R ut m nij       where elements 
above the diagonal are zero. Here, theta and V are two unitary 
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Figure 1.  System Overview 

 matrices and lamda is diagonal matrix with non-negative 
values in decreasing order LD   transpose of lamda and then 
make it diagonal. Whitening signal 

*ww square root of n D thetaL  , Final whitening signal 

ws ww MS  .  

(a) Memory Initialization for storing de-mixing matrix 
and Hilbert Space Independent Component (HSIC) at each 
iteration: De-mixing matrix 

( ) 0,
11

itra n kXS x for all xij iji jk
  

 
 itra=maximum number 

of iteration required for better performance of the algorithm, 

Hilbert Space Independent Component (HSIC) = 
1

itra

ij
j

x

 , 

' , 1 0ijfor all j s i and x   ,signal ws ww MS  . 

3)  Define the width of Gaussian kernel:    

1

m
sigmas xijj

 


 ,
 

' , 1 1ijfor all j s i and x  . 

4)  Memory utilization by Incomplete cholesky: An 
incomplete Cholesky factorization is given by a sparse lower 
triangular matrix K that is in some sense close to L (lower 
triangular matrix). The corresponding pre-conditioner is *KK . 
One popular way to find such a matrix K is to use the 
algorithm to find the exact Cholesky decomposition, except 
that any entry is set to zero if the corresponding entry in A  is 
zero. This gives an incomplete Cholesky factorization [19]. 

5)  Independence measures based on RKHS covariance 
operator: By introducing the problem variables, and 
describing covariance operator in RKHS. The spectral and 
Hilbert-Schmidt norms of the covariance operators may be 
expressed as a function of the kernels of the RKHSs. The 
Hilbert space  is an RKHS if at each x  , the point 

evaluation operator x :  which maps  to (x) is a 
bounded linear functional. The covariance operator   ,x yC  :  
  is defined such that for all   and g . 

, ,x yC  g  = x,y [[(x) - x[(x)]] [g(y) - y [g(y)]]]. 

6)  Computation of Euclidean Gradient: Let U be an open 
subset of d , and let :U   be a differentiable function. 
The Euclidean Gradient of  is the function 

( ) d
euc u  such that 

( ) ( ),u v u veuc euc    For every dv  

7)  Compute Approximate Hessian: The Hessian matrix is 
the square matrix of second-order partial derivatives of a 
function, which describes the local curvature of a function of 
many variables. 

 Given the real-valued function  1 2, , , nf x x x ,                                                                                       
If all second partial derivatives of f exist, then the Hessian 
Matrix of f is the matrix  

  . ( ) ( )i ji jH f x D D f x                                                                           

Where 1 2( , , , )nx x x x  and iD is the differentiation 
operator with respect to the thi argument. 

8)  Finally check for convergence and find the final De-
mixing matrix. 

C. Classification using Support Vector Machine 
Support Vector Machine is a supervised learning method 

used for classification and regression which performs 
classification tasks by constructing optimal separating 
hyperplanes in multidimensional space [20]. SVM approach 
was primarily used to classify linearly separable data, but later 
in the case of linearly inseparable data, kernel methods are 
introduced to nonlinearly map the input data to a high 
dimensional space [21]. For classification purpose, we have 
used multiclass SVM to carry out recognition on face images, 
and Sequential Minimal Optimization (SMO) algorithm to 
train the SVM. 

Kernels that have been used here are given below:  

Linear:  ,  ( )T
i j i jk x x x x c   

Polynomial: ( , ) (1 )T p
i j i jk x x x x   

III. EXPERIMENTAL DISCUSSION 

A. Database Description 
The benchmark database OTCBVS (Object Tracking and 

Classification Beyond Visible Spectrum) contains both 
thermal and visual face images under the same situation like 
pose, illumination etc. It contains different sets of data like 
OSU Infrared (IR) Pedestrian Database, IRIS Infrared 
(IR)/Visible Face Database, OSU Color-Infrared (IR) 
Database, Terravic Facial IR Database, Terravic Weapon IR 
Database, and CBSR NIR Face Dataset. Among all of these 
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different datasets, IRIS (Imaging, Robotics and Intelligent 
System) Infrared (IR)/Visible face dataset has only been 
considered in our experiments. This database contains 
simultaneously acquired unregistered infrared (IR) and visual 
face images under varying illuminations, expressions, and 
poses [22]. 

B. Image Registration 
Image registration is the method of transforming two 

images into the same coordinate system. It’s a basic task in 
image processing for the purpose of aligning two different 
images [23]. We have done registration of Visual and Thermal 
IR images before they are fused. In our experiment, we have 
taken images from different expressions and illumination 
types of each person from IRIS database and registered the 
thermal and visual images separately with respect to the 
frontal image of each expression and illumination types 

IV. EXPERIMENT RESULTS 
The whole experiment consists of expression, illumination, 

and full datasets with 660 images in 20 classes, 748 images 
with 17 classes and 1626 images with 28 classes respectively. 
For the sake of experiment, the registered visual and thermal 
images are then cropped into 50×50 dimensions. The cropped 
gradient visual and corresponding thermal images are fused 
using wavelet transformation, which is described previously. 
After that, all the fused images are taken for feature extraction 
using KICA. From feature extracted expression dataset, out of 
660 images, total numbers of training and testing images are 
462 and 198 respectively.  We have taken 523 and 225 face 
images for training and testing purposes respectively from 
feature extracted illumination face image dataset. 1138 and 
488 face images from feature extracted full dataset are taken 
for training and testing purpose respectively. For training 
support vector machine, Sequential Minimal Optimization 
(SMO) algorithm has been used where tolerance is 1.0000e-
003 with which KKT conditions are checked, maximum 
number of iterations of the algorithm is 20,000 and size of the 
kernel matrix cache is 1000. Linear kernel and Polynomial 
kernel with degree 3 are used in our SVM kernel functions. 
The accuracy of a classification process defined as the portion 
of true positives, and true negatives in the population of all 
instances, classification accuracy A = (TP+TN) / (TP+TN+ 
FP+FN). TP=True Positives, TN=True Negatives, FP=False 
positives and FN=False Negatives. All these values have been 
taken from the confusion matrix acquired from the classifier 
performance. “True positives” are active compounds which 
have correctly been classified as active, and “false positives” 
are inactive compounds which have wrongly been classified as 
Active [24]. The average classification accuracies of two SVM 
kernels are listed in table I. The whole experimentation is 
divided into 3 parts; one is SVM classification with KICA 
extracted expression face image dataset, another is SVM 
classification with KICA extracted illumination face image 
dataset and the last one is SVM classification with KICA 
extracted full dataset. Among the two kernels, polynomial 
kernel produces better accuracy than linear kernel in all three 
cases. Now considering the average classification accuracy of  

TABLE I.  EXPERIMENTAL RESULTS 

Dataset Recognition Rate 
Linear Polynomial 

Expression 91.14% 93.28% 

Illumination 85.16% 89.00% 

Fulldata 86.80% 91.81% 

expression face dataset, SVM with linear kernel generates 
91.14% and polynomial kernel is 2.31% more than linear 
kernel. In illumination dataset, highest average recognition 
rate is obtained using polynomial kernel. Classification 
accuracy of linear kernel is 5.01% less than polynomial kernel, 
which generates 91.81% accuracy in full dataset. So, it is 
clearly observed that polynomial kernel is more efficient than 
linear kernel in our experiment. Comparative study in different 
fusion techniques reveals the improvement of recognition 
accuracy in our present method.  Table II shows the 
comparative study. 

V. CONCLUSION AND FUTURE WORK 
This paper formulates Daubechies wavelet (db4) for fusion 

of gradient optical and infrared image, KICA for feature 
extraction method and SVM for classification purpose in 
human face classification. We have used IRIS thermal/visible 
face database. The visual and thermal face images have their 
own advantages and disadvantages. Therefore, we have tried 
to combine the advantages from visual and thermal image. 
The experimental results show that polynomial kernel gives 
better classification accuracy than linear kernel. We can 
conclude that our approach has achieved efficient 
classification performance for face recognition purpose. We 
will further investigate different wavelet fusion methods and 
other classifiers for face recognition. 
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TABLE II.  COMPARATIVE STUDY 

Methods Recognition Rate 

Present Method (Gradient DB4 
fusion+ KICA) 

 

Expression 93.28% 

Illumination 89.00% 

Fulldata 91.81% 

Fusion of Thermal and Visual [25] 90.00% 

Abs max selection in  DWT [4] 90.31% 
Fusion of Visual and LWIR + PCA 

[26] 87.87% 

Wavelet Subband + Kernel 
associative Memory with XM2VTS 

database [27] 
84.00% 

37



REFERENCES 
[1] L. Wolff, D. Socolinsky, and C. Eveland, “Quantitative measurement of 

illumination invariance for face recognition using thermal infrared 
imagery,” Proc. CVPR Workshop on Computer Vision Beyond the 
Visible Spectrum, Dec. 2001. 

[2] C. K. Eveland, Diego A. Socolinsky and L. B. Wolff, “Tracking Human 
Faces In Infrared Video”, Image and Vision Computing, vol. 21, No. 7, 
pp. 579-590, July 2003.  

[3] R. Maruthi and K. Sankarasubramanian, “Multi focus image fusion 
based on the information level in the region of the images,” Journal of 
theoretical and applied information technology, 2005. 

[4] M. Hanif, U. Ali,”Optimized visual and thermal image fusion for 
efficient face recognition”, IEEE Conf. on Information Fusion, Florence, 
2006, p. 1-6. 

[5] G. Bebis, A. Gyaourova, S. Singh, and I. Pavlidis. “Face Recognition by 
Fusing Thermal Infrared and Visible Imagery,” image and vision 
computing, Vol. 24, p-727-742, 2006. 

[6] M. K. Bhowmik, D. Bhattacharjee, M. Nasipuri, D. K. Basu and M. 
Kundu, “Fusion of Daubechies Wavelet Coefficients for Human Face 
Recognition”, International Journal of Recent Trends in Engineering, 
Vol. 3, No.1, pp.137-143, May 2010. 

[7] M. K. Bhowmik, D. Bhattacharjee, M. Nasipuri, D. K. Basu and M. 
Kundu, “Fusion of Wavelet Coefficients from Visual and Thermal Face 
Images for Human Face Recognition – A Comparative Study”, 
International Journal of Image Processing (IJIP), vol. 4, Issue 1, pp.12-
23, Mar. 2010.  

[8] M. K. Bhowmik, D. Bhattacharjee, M. Nasipuri, D. K. Basu and M. 
Kundu,“Quotient Based Multiresolution Image Fusion of Thermal and 
Visual Images Using Daubechies Wavelet Transform for Human Face 
Recognition”, International Journal of Computer Science Issues (IJCSI), 
Vol. 7, Issue 3, pp. 18-27, May 2010. 

[9] J.H. Cao, Y. Z. Ran, Z. J. Xu,” A New Kernel Function Based Face 
Recognition Algorithm”, 2010 International Conference on Computer, 
Mechatronics, Control and Electronic Engineering (CMCE), Changchun, 
pp. 226 – 230, 2010. 

[10] Y. Huang, M. Li, C. Lin, L. Tian,” Gabor-based Kernel Independent 
Component Analysis for Face Recognition”, Sixth International 
Conference on Intelligent Information Hiding and Multimedia Signal 
Processing (IIH-MSP), Darmstadt, pp. 376 – 379, 2010. 

[11] R. A. Haddad and A. N. Akansu, “A class of fast Gaussian Binomial 
Filters for speech and image processing,” IEEE Trans. on Acoustics, 
Speech and Signal Processing, vol. 39, pp. 723-727, Mar. 1991. 

[12] T. Poggio, V. Torre and C. Koch, “Computational vision and 
regularization theory”, Nature, Vol. 317, pp. 314-319, Sept. 1985. 

[13] T. Zhang, Y. Y. Tang, B. Fang, Z. Shang and X. Liu, “Face recognition 
under varying illumination using gradient faces”, IEEE Trans. on Image 
Processing, vol. 18, No. 11, pp. 2599-2606, 2009. 

[14] Z, Shu-long, “Image Fusion using Wavelet Transform”, Symposium on 
Geospatial Theory, Processing and Applications, pp.5-9, 2004. 

[15] T. Martiriggiano, M. Leo, T. D"Orazio and A. Distante, Face 
Recognition by Kernel Independent Component Analysis, Lecture Notes 
in Artificial Intelligence, pp. 55-58, 2005, vol. 3533. 

[16] A. Turk, A. Pentland, “Eigenfaces for recognition” Journal of Cognitive 
Neuroscience, vol. 3, no. 1, pp. 71–86, 1991.  

[17] P. N. Belhumeur, J. P. Hespanha, D. J. Kriegman, “Eigenfaces vs. 
Fisherfaces: recognition using class specific linear projection”, IEEE 
Transactions on Pattern Analysis and Machine Intelligence, vol. 19, no. 
7, pp. 711–720, 1997. 

[18] M.-H. Yang, “Kernel eigenfaces vs. kernel fisherfaces: Face recognition 
using kernel methods”, in Proc. of IEEE Internation Conf. on Face and 
Gesture Recognition, 2002, Washington, DC, p. 215–220. 

[19] G. H. Golub, C. F. Van Loan, Matrix Computations, 3rd ed., John 
Hopkins University Press, Baltimotre, Md, 1996. 

[20] http://www.statsoft.com/textbook/support-vector-machines/ 
[21] S. N. Sivanandam, S. Sumathi, and S. N. Deepa, Introduction to Neural 

Networks using Matlab 6.0, 2nd Ed.,Tata McGraw-Hill Pub. Co., 2006. 
[22] http://www.cse.ohio-state.edu/otcbvs-bench/. 
[23] L G. Brown, “A survey of image registration techniques.” ACM 

Computing Surveys, vol. 24, no. 4, pp. 325-376, 1992. 
[24] A. G. K. Janecek, W. N. Gansterer, M. A. Demel and G. F. Ecker, “On 

the Relationship Between Feature Selection and Classification 
Accuracy,” in Proc. of JMLR Workshop and Conference, 2008, vol. 4, p. 
90-105.  

[25] A. Singh, G. B. Gyaourva and I. Pavlidis,”Infrared and Visible Image 
Fusion for Face Recognition,” Proc. SPIE, 2004, vol.5404, pp. 585-596. 

[26] I. Pavlidis, and P. Symosek,”The Imaging Issue in an Automatic 
Face/Disguise Detecting System,” Proc. of IEEE Workshop on 
Computer Vision Beyond the Visible Spectrum: Methods and 
Applications, 2000, pp. 15 – 24. 

[27] M. Marchand, M. Golea and P. Rujan,” A convergence theorem for 
sequential learning in two-layer perceptrons,” Europhys.Lett, 1990, 11, 
pp. 487-492. 

 

38



Minimizing the Makespan and Economic Cost of 

Schedule for the Grid Applications 

Avdhesh Gupta 
IMS Engineering College 

Ghaziabad, India 
avvipersonal@gmail.com 

 

Pankaj Agarwal 
IMS Engineering College 

Ghaziabad, India 
pankaj_agwl@rediffmail.com 

 

Shalini Gupta 
Virendra Swarup Group of Institutions 

Kanpur, India 
shalinilily2003@gmail.com 

 

Abstract - Grid computing is a distributed computing taken to 

next evolutionary level. In this work, a static methodology has 

been adopted for defining the weights of the computational tasks 

and communicating edges. Also, we defined the execution time 

(makespan) as the total time between the finish time of exit task 

and start time of the entry task in the given Directed Acyclic 

Graph (DAG). The algorithm has been implemented for 

evaluation of time and cost of different random task graph or 

DAG of different graph size. Also, the algorithm has been 

executed in a grid of heterogeneous cluster of different sizes with 

four resources in each cluster. The primary work is to find the 

primary scheduling i.e., total execution time and total cost with 

little or no changes in primary scheduling. We have proposed an 

efficient scheduling algorithm, which optimize the makespan and 

economic cost of the schedule and minimize the requirements of 

processors. The algorithm has been implemented to schedule 

different random DAGs onto different grids of heterogeneous 
clusters of various sizes. 

Keywords-DAG;Grid;makespan;workflow 

I.  INTRODUCTION 

Grid is a novel infrastructure for network computing on 
local or geographical scales that can dynamically represent 
heterogeneous computing resources. Grid computing is broadly 
used in many scientific and engineering application fields. Grid 
application addresses collaboration, data sharing, cycle sharing 
and other modes of interaction that involves distributed 
resources and services [1]. The field of Grid Computing is a 
manifestation of the development of distributed and cluster 
computing environments. The concept of a computational grid 
was first proposed by Ian Foster and Carl Kesselman in the mid 
1990s. Since then the field has involved into one of the most 
exciting areas of study in the computing fraternity. 

The Grid system is responsible for the execution of jobs 
submitted to it. The advanced Grid system will include a task 
scheduler which automatically finds the most appropriate 
machines on which a given job is to run. This resource 
selection [2] is very important in reducing the total execution 
time and cost of executing the tasks which depends on the task 
scheduling algorithm. The scheduling policy followed by the 
scheduler determines the Grid system throughput and 
utilization of the resources in to the grid. 

 In mathematics and computer science, a directed acyclic 
graph (DAG), is a directed graph with no directed cycles. That 
is, it is formed by a collection of vertices and directed edges, 
each edge connecting one vertex to another, such that there is 
no way to start at some vertex v and follow a sequence of 

edges that eventually loops back to v again. DAGs may be used 
to model several different kinds of structure in mathematics 
and computer science. A collection of tasks that must be 
ordered into a sequence, subject to constraints that certain tasks 
must be performed earlier than others, may be represented as a 
DAG with a vertex for each task and an edge for each 
constraint; algorithms for topological ordering may be used to 
generate a valid sequence. DAGs may also be used to model 
processes in which information flows in a consistent direction 
through a network of processors. The reachability relation in a 
DAG forms a partial order, and any finite partial order may be 
represented by a DAG using reachability. Additionally, DAGs 
may be used as a space-efficient representation of a collection 
of sequences with overlapping subsequences. 

DAG has been extensively used in grid workflow 
modeling. Since the computational capacity of available grid 
resources tends to be heterogeneous, efficient and effective 
workflow job scheduling becomes essential. It poses great 
challenges to achieve minimum job accomplishing time while 
maintaining high grid resources utilization efficiency. 

The Grid system is responsible for the execution of jobs 
submitted to it. The advanced Grid system will include a task 
scheduler which automatically finds the most appropriate 
machines on which a given job is to run. This resource 
selection [2] is very important in reducing the total execution 
time and cost of executing the tasks which depends on the task 
scheduling algorithm. The scheduling policy followed by the 
scheduler determines the Grid system throughput and 
utilization of the resources in to the grid. 

II. EXISTING  SCHEDULING  TECHNIQUE 

Non Duplication Technique: Two common approaches in 

non-duplication based scheduling are list scheduling and 

cluster-based scheduling.  

List scheduling is one of most commonly used scheduling 

algorithms. In list scheduling, a weight is assigned to each task 

and edge, based on which an ordered task list is constructed by 

assigning priority for each task. Then, tasks are selected in the 

order of their priorities, and each selected task is scheduled to 

a computing host that can minimize a predefined cost 

function. As two typical list scheduling heuristics, 

HEFT (Heterogeneous Earliest Finish Time) and CPOP 
(Critical Path on a Processor) are studied in [3]. The upward 

rank and downward rank of each task are computed at the 

beginning. HEFT algorithm always selects the task with the 

highest upward rank at each step. Then the selected task is 

assigned to a host that can minimize its earliest finish time. In 
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contrast, CPOP algorithm always selects the task with the 

highest total rank (upward rank + downward rank) value. In 

order to minimize the total execution time, CPOP schedules 

all critical tasks onto a single host with the best performance. 

During execution, if a selected task is non-critical, it will be 

mapped to a host which could minimize its earliest finish time, 
as in HEFT. Both HEFT and CPOP have low complexity, i.e., 

lower algorithm execution time. However, the study in [4] 

observed that the performances of these two algorithms are 

affected dramatically by how to assign weights to the nodes 

and edges. In some extreme cases, different weight assignment 

approaches can lead up to 47.2% of performance difference. In 

another popular scheduling heuristic group scheduling, tasks 

are sorted into groups, under the constraint that tasks in the 

same group should be independent. Tasks then are scheduled 

group by group. The studies in [5] proposed a hybrid 

remapping heuristic. Tasks in a DAG are partitioned into 

levels so that there is no dependency among tasks at the same 
level. Then, tasks are mapped to computing hosts with 

task/host pairs using a static algorithm (e.g., baseline).   First 

assigned a priority, then the tasks is considered in on-

ascending order of priorities for scheduling on a set of 

available processors. Despite the fact that the quality of their 

schedules is usually worse than that of other algorithm classes, 

low complexity of the list-based algorithms still make them 

attractive alternatives. In cluster-based scheduling, processors 

are treated as clusters and the completion time is minimized 

by moving tasks among clusters [10]. At the end of clustering, 

heavily communicating tasks are assigned to the same 
processor, reducing the inter-processor communication. 

Duplication Technique: The proposed algorithm is a 

duplication-based static scheduling algorithm and it differs 

from the previous algorithms by addressing the minimization 

of the schedule length and the number of processors used as 

separate problems to be optimized in two distinct phases. Real 

world problem in grid are multi objective means they required 

more than one objective. For e.g. Total execution time or 

make span, economy, reliability, trustworthiness, etc. We 

proposed a scheduling algorithm based on multi objective 

namely total economy cost/execution time. 

III. EXISTING  SCHEDULING  TECHNIQUE 

Computational Grids computing systems are emerging as a 

new paradigm for solving large-scale problems in science, 

engineering and commerce [6, 7]. They enable the creation of 

virtual enterprises (VEs) for sharing and aggregation of 

millions of resources (e.g. SETI@Home [8]) geographically 

distributed across organizations and administrative domains. 

They comprise heterogeneous resources (PCs, workstations, 

clusters and supercomputers), fabric management systems 

(single system image OS, queuing systems, etc.) and policies, 

and applications (scientific, engineering and commercial) with 

varied requirements (CPU, I/O, memory and/or network 
intensive). 

In [7, 9–11], they proposed and explored the usage of an 

economics-based paradigm for managing resource allocation 

in Grid computing environments. The economic approach 

provided a fair basis in successfully managing decentralization 

and heterogeneity that is present in human economies 

Competitive economic models provide algorithms/policies and 

tools for resource sharing or allocation in Grid systems. The 

models can be based on bartering or prices. Most of the related 

work in Grid computing dedicated to resource management 

and scheduling problems adopt a conventional style where a 

scheduling component decides which jobs are to be executed 

at which site based on certain cost functions (Legion [12], 

Condor [13], AppLeS [14], Netsolve [15], Punch [16]). Such 

cost functions are often driven by system-centric parameters 
that enhance system throughput and utilization rather than 

improving the utility of application processing. 

The bi-criteria scheduling approach may require several 

different criteria to be considered simultaneously when 

evaluating the quality of solution or a schedule. In general, 

scheduling directed acyclic graph (DAG) in grid occupies 

large number of computing resources or processors. 

RPS (Resource Prediction System) project [17, 18] is a 

resources-oriented system for online prediction and 

scheduling. It carries on explicit prediction based on the 

resource signal, and realizes time series models to predict 

resource information of hosts. RPS is consisting of sensor 
library, time series prediction library, mirror communication 

template library, scripts and other auxiliary codes. The sensor 

library provides acquisition mechanism of resources 

information to monitoring component and the time series 

prediction library provide as a scalable, object-oriented C++ 

template, as well as several linear models for prediction 

component. It fits data on models and generates prediction 

through the most appropriate model, then evaluates its 

performance in application.  

NWS (Network Weather Service) project [19, 20] is a 

distributed system for generation and publication of 
computing resources prediction, periodically and dynamically. 

It maintains a group of distributed performance sensors, such 

as CPU sensors, network sensors, etc. NWS collects 

information from these sensors on computing nodes, and 

predicts resource usages in certain time interval ahead, using 

multiple models such as mean based one, median based one, 

and autoregressive method. NWS and RPS are supplement to 

each other. For example, RPS can use NWS sensors, while 

NWS can use RPS prediction model. Latest versions of the 

two systems are both extended to support grid systems. 

CORI (Collectors of Resource Information) project [21] 

designs a performance subsystem to enable DIET (Distributed 
Interactive Engineering Toolbox) project [22] interfacing with 

third-party performance prediction tools. They also mentioned 

the importance of prediction, though they didn't propose any 

prediction method themselves.  

GHS (Grid Harvest Service) project [23] is a performance 

evaluation and task scheduling system for solving large-scale 

applications in shared environment. Its framework includes 

predictors in application-level and system-level, as well as 

interactions with other components within the system. Their 

efforts are dedicated on the systematic structure rather than 

prediction methodology, thus their implementation simply 
uses mean based method, whereas other prediction methods 

are welcomed to replace theirs, which provides wide extension 

space for further researches. 

Resource prediction is based on resource monitoring. It 

sums up historical data for modeling, and seeks to find the 

variation principles of resources, and makes judgment or 

prediction of short-term or even long-term in future interval. 

Performance of different models is distinguished by the 

prediction techniques employed. Several representative ones 

are discussed and compared as follows:  
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Linear time series: Resource variations are considered a 

linear time series regression process in many researches [17, 

18, 19, and 20]. Box-Jenkins models are a series of linear time 

series ones, which are also well known as AR-class models, 

including AR (purely autoregressive), MA (purely moving 

average), ARMA (autoregressive moving average), ARIMA 
(autoregressive integrated moving average), and ARFIMA 

(autoregressive fractionally integrated moving average). 

Subsequently, ARCH (autoregressive conditional 

heteroskedasticity) and GARCH (generalized autoregressive 

conditional heterosjedasticity) are also added based on 

secondary modeling to the error. AR-class models are 

universal thus other linear models like Markov process or 

Mean/Median process can also be expressed using AR-class 

models, partly or completely.  

Wavelet analysis: In this method, resource variations are 

considered a superposition of multiple waveforms. It generates 

prediction based on periodicity in variations. It is doing well 
on signal with periodical behavior, and it has a good self-

adaptability. While the drawback is that it is not feasible for 

the application with too much randomness, therefore it is 

usually combined with other techniques in modeling, for 

example in combination with support vector machine [25].  

Stochastic information: It takes resource variations as a 

stochastic process [26]. This method is based on the 

assumption that the resource information follows normal 

distribution. However, it is not the truth in most of practical 

applications. Its reliability can be improved by adapting the 

original assumption that is replacing normal distribution with 
interval distribution. This method is simple, intuition and fast, 

while its limitation is that the distribution of the interval 

values must be unified.  

Artificial neural network: The ANNs (Artificial Neural 

Networks) are powerful tools for self-learning, and they can 

generalize the characteristics of resource variations by proper 

training. ANNs are born with distributed architecture as well 

as robustness. They are suitable for multi-information fusion, 

and are competent for quantitative and qualitative analysis. 

ANNs have been employed by many researches in resource 

prediction. In the research of [27], it is indicated that the 

ANNs prediction are more accurate and outperform the 
methods in NWS. However, ANN's learning process is quite 

complex, thus is inefficient in modeling. Furthermore, the 

choices of model structures and parameters are lack of 

standard theory, so that it usually suffers from over-fitting or 

under-fitting with ill chosen parameters.  

Support vector machine: As a promising solution to 

nonlinear regression problems, SVM (Support Vector 

Machine) [28] has recently been winning popularity due to its 

remarkable characteristics such as good generalization 

performance, the absence of local minima and sparse 

representation of the solution. The traditional regression 
techniques, including neural networks, are based on the ERM 

(Empirical Risk Minimization) principle, while SVM is 

proposed based on the SRM (Structural Risk Minimization) 

principle, which tries to control model complexity as well as 

the upper bound of generalization risk, rather than minimizing 

the training error only, thus is expected to achieve better 

performance than traditional methods. Prem and Raghavan 

[29] have explored the possibility of applying SVM to forecast 

resource measures and indicated that the SVMs forecasts are 

more accurate and outperform the NWS methods, such as 

Autoregressive ones. Available bandwidth and host load are 

two representative resource elements in computing Grid, 

therefore their benchmark data sets are chosen to evaluate the 

performance of prediction models. We prefer using public data 

rather than historical data recorded by ourselves, for the 

purpose of giving comparable and reproducible results. For 

available bandwidth prediction, we choose ―iepm-
bw.bnl.gov.iperf2‖ [30]. It is published by the Stanford Linear 

Accelerator Center, University of Stanford. For host load 

prediction, we choose ―mystere10000.dat‖ [31]. It is published 

by the Department of Computer Science, University of 

Chicago. Mean/Median based ones. In general, scheduling 

directed acyclic graph (DAG) in grid occupies large number of 

computing resources or processors. To address this problem, 

we present an effective bi-criteria scheduling heuristic called 

schedule optimization with duplication-based bi-criteria 

scheduling algorithm (SODA)[32]. In general, minimization 

of total execution time (or makespan) of an application 

schedule is applied as the most important scheduling criteria 
used by nearly all existing scheduling heuristics. Most of the 

existing grid computing systems are based on system-centric 

policies whose objectives are to optimize the system-wide 

metrics of performance, i.e., makespan. The convergence of 

grid computing toward the service-oriented approach is 

fostering a new vision where economic aspects are key 

elements in increasing the adoption of computing as a utility. 

In current economic market models, economic cost (cost of 

executing a workflow on grid) has been considered as an 

important scheduling criterion to employ the user-centric 

policies, since different resources, belonging to different 
organizations, may have different polices of charging. 

Paradoxically, the literature shows that in the majority of 

problems addressed, schedulers were generated keeping a 

single criterion. Considering multiple criteria enables us to 

propose a more realistic solution. Therefore, an efficient 

multi-criteria scheduling heuristic is required for execution of 

workflow on grid while assuring the high speed of 

communication, reducing the tasks execution time and 

economic cost. As the DAG scheduling problem in grid is NP-

complete, we have emphasized on heuristics for scheduling 

rather than the exact methods. In literature, many bi-criteria 

scheduling algorithms have been, which minimizes both the 
makespan and economic cost of the schedule but only few of 

them address the workflow type of applications.  [33]Proposed 

an efficient bi-criterion scheduling algorithm called ‗dynamic 

constraint algorithm‘ (DCA) based on a sliding constraint. Our 

work presents an approach where processor requirement is 

minimized under two criteria (i.e., makespan and economic 

cost) for workflows. The study also shows that heuristics 

performing best in static environment [34] have the highest 

potential to perform better in more accurately modeled grid 

environments. 

IV. APPLICATION MODEL TO BE DEVELOP 

DAG has been extensively used in grid workflow modeling. 

Since the computational capacity of available grid resources 

tends to be heterogeneous, efficient and effective workflow 

job scheduling becomes essential. It poses great challenges to 

achieve minimum job accomplishing time while maintaining 

high grid resources utilization efficiency. A workflow consists 

of a sequence of connected steps. It is a depiction of a 

sequence of operations, declared as work of a person, a group 

of persons, an organization of staff, or one or more simple or 
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complex mechanisms. Workflow may be seen as any 

abstraction of real work. For control purposes, workflow may 

be a view on real work under a chosen aspect, thus serving as 

a virtual representation of actual work. The flow being 

described may refer to a document or product that is being 

transferred from one step to another. A workflow is a model to 
represent real work for further assessment, e.g., for describing 

a reliably repeatable sequence of operations. More abstractly, 

a workflow is a pattern of activity enabled by a systematic 

organization of resources, defined roles and mass, energy and 

information flows, into a work process that can be 

documented and learned.[3][4] Workflows are designed to 

achieve processing intents of some sort, such as physical 

transformation, service provision, or information processing. 

Workflow concepts are closely related to other concepts 

used to describe organizational structure, such as silos, 

functions, teams, projects, policies and hierarchies. Workflows 

may be viewed as one primitive building block of 
organizations. The relationships among these concepts are 

described later in this entry. The term workflow is used in 

computer programming to capture and develop human-to-

machine interaction. 

V. MOTIVATION 

Resource management and task scheduling are very 

important and complex problems in grid computing. In grid 

environment, autonomy resources are linked though the 

internet to form a huge virtual seamless environment. The 

resources in the grid are heterogeneous and the structure of the   

grid is changing all the time. With the grid become a viable 
high performance computing alternative to the traditional 

supercomputing environment, various aspects of effective 

Grid resources utilization are gaining significance. With its 

multitude of resources, a proper scheduling of time and cost 

across the grid can lead to improved overall system 

performance and a lower turn -around time for individual jobs.  

VI. PROBLEM STATEMENT 

The main issue is to analyze for minimization the total 

execution time (makespan) and economic cost of the schedule 

obtained for executing the grid applications. The makespan of 

a schedule is the earliest finish time of exit task. Similarly, the 

economic cost is the sum of costs of executing tasks over grid 
resources. 

VII. RESULT ANALYSIS 

In this section we will discuss the computation of makespan 
or total execution time followed by cost of executing the 
DAG. In this we can use the DAG of different sizes. The 
algorithm has been implemented in JAVA for evaluation of 
time and cost of different random task graph or DAG of 
different graph size (100,200,300,400,500).The algorithm 
have been executed in a grid of heterogeneous cluster of 
different sizes(5,10,15,20,25) with four resources in each 
cluster. Algorithm is run to find the primary scheduling i.e., 
total execution time and the secondary scheduling i.e., total 
cost with little or no changes in primary scheduling.  The 
results and the graphs reveal that the proposed scheduling 
approach is Time and Cost effective for scheduling in 
heterogeneous environment as shown by the following graphs: 

 

Fig. 1:  Effect of grid sizes on EC (number of tasks=100) 

 

Fig.2: Normalize schedule length on different workflow sizes 
(number of processor=50) 

 

Fig.3: Normalize schedule length on different grid (number of 
task=500) 
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Fig.4: Effective cost on different workflow sizes (number of 
processor=50) 

 

Fig. 1 shows that when we increase the number of processor 
for a given number of tasks then economic cost should become 
lesser. In Fig. 2 we shows that when we increase the number of 
tasks for a given processors then NSL become greater. Fig. 3 
shows that when we increase number of grid node for a given 
number of tasks then value of the NSL become lesser. In Fig. 4 
when we increase the number tasks then economic cost will be 
greater for a given number of processor. 

Table 1: Variable used in the simulation 

Grid environment layout 

Number of grid resources                                           [20,100] 

Resource bandwidth [100 Mbps,1 Gbps] 

Number of tasks [100,500] 

Computation cost of the tasks [5 msec,200 msec] 

Data transfer size [20 Kbytes,2 Mbytes] 

Resource capability(MIPS) [220,580] 

Execution cost(MIPS) [1-5 grid dollar per MIPS] 

VIII. CONCLUSION 

Computational Grids enable the creation of a virtual 
computing environment for sharing and aggregation of 
distributed resources for solving large-scale problems in 
science, engineering and commerce. The resources in the Grid 
are geographically distributed and owned by multiple 
organizations with different usage and cost policies. They have 
a large number of self-interested entities (distributed owners 
and users) with different objectives, priorities and goals that 
vary from time to time. The management of resources in such a 
large and distributed environment is a complex task. In this, a 
novel bi-criteria workflow scheduling approach has been 
presented and analyzed. We have proposed an efficient 
scheduling algorithm called Time and Cost based Task 
Scheduling in Grid Environment, which optimizes the 
makespan and economic cost of the schedule and minimizes 
the requirements of processors. The algorithms have been 
implemented to schedule different random DAGs onto 
different grids of heterogeneous clusters of various sizes. The 
schedule generated by algorithm is better than other related bi-
criteria algorithms in respect of both makespan and economic 
cost. 

Future work would involve developing a scheduling system 
which also considers the load balancing or other objectives 
through which we minimizes the makespan and the cost. 
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Abstract— Cloud Computing is a large-scale distributed 
computing paradigm which is based on Web Services over the 
Internet. Internet has many inherent security defects because of 
its openness. It has many other attacks and threats. One of the 
most challenging issue in cloud computing is access control and 
data security. User of the cloud outsourced their sensitive data 
and information to cloud provider’s servers which is not within 
the same trusted domain as data owner.  In this paper we present 
a critical review on the components of policy base access control 
mechanism that is suitable for data security and access control. 
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I. INTRODUCTION 

 Cloud Computing is a large-scale distributed 
computing paradigm that is driven by economies of scale, in 
which a pool of abstracted, virtualized, dynamically-scalable, 
managed computing power, storage, platforms, and services 
are delivered on demand to external customers over the 
Internet[1]. Cloud computing is only a different way to deliver 
computing resources, rather than a new technology, it has a 
revolution in the way organizations provide information and 
service. changes the way we think about technology[1]. Cloud 
is a computing model providing web-based software, 
middleware and computing resources on demand, in which 
services, resources, and applications are provided on metered 
basis over the Internet. It is an Internet-based computing 
solution where shared resources/services are provided like 
electricity distributed on the electrical grid. The cloud 
computing provide basically three type of services. Software 
as a service(SaaS) in which the cloud service provider 
provides applications and software over a network. Google 
Docs[2], Facebook[3], Gmail[4], Yahoo[5] are the example of 
SaaS, Platform as a Service(PaaS) provides application or 
development platform in which user can create their own 
application that will run on the cloud, example of PaaS are 
Microsoft’s Azure[6], Google’s App Engine(App Engine)[7], 
Yahoo Pig[8] and third type of  cloud service is Infrastructure 
as a service (IaaS), the whole cloud infrastructure, including 
servers, routers, hardware based load-balancing, firewalls, 

storage and other network equipment is provided by the IaaS 
provider i.e. Amazon S3[9], Amazon EC2[10]. The cloud 
computing can be deployed as public cloud ,private cloud, 
hybrid cloud and community cloud. Public clouds are publicly 
available and can serve multiple tenants, examples of public 
Cloud: Google App Engine, Microsoft Windows Azure[11], 
IBM Smart Cloud[12] and Amazon EC2  while private cloud 
is  typically a tailored environments with dedicated virtualized 
resources for particular organization examples of private 
clouds are Eucalyptus[13], Ubuntu Enterprise Cloud – 
UEC[14], Amazon VPC (Virtual Private Cloud)[15], VMware 
Cloud Infrastructure Suite[16], Microsoft ECI data center[17]. 
Similarly , community cloud is tailored for a particular group 
of customers Google Apps for Government, Microsoft 
Government Community Cloud are the example of community 
cloud. Hybrid cloud is composed of multiple clouds like 
Windows Azure (capable of Hybrid Cloud), VMware vCloud 
(Hybrid Cloud Services). 

Cloud service is based on Web Services [18], and Web 
Services are based on Internet. Internet has many inherent 
security flaws because of its openness, and it also has many 
other attacks and threats. Therefore, cloud services will face a 
wide range of security issues. The most challenging ongoing 
research work in cloud computing are access control and data 
security, because of users outsourcing their sensitive data to 
cloud providers. Existing solutions that use pure cryptographic 
techniques to mitigate these security and access control 
problems suffer from heavy computational overhead on the 
data owner as well as the cloud service provider for key 
distribution and management. 

 

II. LITERATURE REVIEW 

 To overcome from security during access the services 
or applications many researchers has presented effective 
mechanisms and methods for access control i.e. Vibhaj et al 
[19] proposed an innovative mechanism to achieve flexible 
access control during co-ordinate resource sharing in 
enterprise grid environment. The mechanism proposes a new 
model for users, resources and their relationships which define 
co-ordination and access control. The solution targets to 
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satisfy the demands usually found in enterprise environments 
with respect to controlled sharing of resources. 
 In addition Ravi Shankar et al [20] presented a Key-
Chain-Web access control mechanism which expands the 
usability of the mechanism in different scenarios. The Key-
Chain-Web mechanism is based on three entities Users (keys), 
Resources (chains) and Relationships (webs). In addition, 
chain members representing relationship among users and 
resources, particularly in case of a collaborative environment 
where sharing may be achieved through members. [20].  
 Sangroya et al [21] describe the security mechanisms 
that are used by major cloud service providers and propose a 
risk analysis framework that can be used to analyze the data 
security risks before putting confidential data into a cloud 
computing environment. The research illustrates the need for 
new authorization services and models suitable for the cloud 
computing to provide access control in a distributed, multi-
tenanted, federated environment. Eucalyptus [22] is an open-
source cloud computing system. This system provides an 
authorization system to control the execution of the virtual 
machines (VMs) that compose the cloud infrastructure. This 
authorization system protects running VMs to ensure that only 
administrators and the owner of these VMs are able to access 
them.  
 Berger et al [23] promote an authorization model 
based on both role-based access control and security labels. 
The security labels represent colors and these colors are used 
to control the access to data sharing, to virtual machines, 
network resources, etc. Zhang et al [24] promote an 
authorization scheme for the cloud computing based on 
session keys shared between the cloud services and the users 
in order to be able to access to the protected resources. 
 Danwei et al [25] propose an authorization 
architecture based on UCON suitable for the cloud computing. 
The main contribution of this proposal is the inclusion of a 
negotiation model in the authorization architecture to enhance 
flexibility of the access control on the cloud services. When 
the access requested mismatches with access rules, it allows 
users to get a second access choice through negotiation in 
certain circumstances, instead of refusing access directly.  
 Hu et al [27] presented a new semantic access control 
policy language (SACPL) to describe access control policies 
in cloud computing environments. To tackle the 
interoperability issue of distributed access control policies 
they propose an ontology-based access control. 
Interoperability between different schemes and models are 
focused in his research.  Yu et al [29] and Di Capitani et al 
[28] presented a novel solution for the enforcement of access 
control and the management of its evolution in cloud 
environments. The former applies selective encryption as a 
method to enforce authorizations whereas the latter enforces 
access policies based on data attributes. These researches can 
be used to complement the authorization model proposed by 
controlling the enforcement of the access control information 
on the untrusted cloud servers.  
 Authorization deals with the verification of an action 
that an entity can perform after authentication is performed 

successfully. In a grid, resource owners will require the ability 
to grant or deny access based on identity, membership of 
groups or virtual organizations, and other dynamic 
considerations. Thus policies must be established that 
determine the capabilities of allowed actions. Thus the issue of 
“who has got the access” is authorization and “under what 
condition” is access control Chakrabarti et al [30]. Thus term 
authorization refers to a statement or combination of 
statements that prove a subject’s right to access a resource, or 
to describe the act of validating that a subject has such a right.  
 

III. ACCESS CONTROL COMPONENTS FOR CLOUD 

COMPUTING 

 Access Control 
 A system that controls access to services/resources 

made by cloud users based on authentication, authorization 
attributes of subjects, attributes of  objects/resource as well as 
system attributes which conforms to policies. Each entity i.e. 
subject and object/resource is identified by its attribute. 
Subject’s attribute are divided in two categories mutable and 
immutable[31]. Mutable attributes are those which may 
change during access operation e.g. location, usage status etc. 
Immutable attributes are those which are independent of 
access operation e.g. identity of user. The novel feature of the 
framework is that each domain has an attribute authority 
which acts a filter which filters the rights of the requesting 
user for the target site. Since there is no central authority 
which provides attributes to user and also there is no need to 
have each user to have account on the target resource.  

 
In the framework following elements are used. 
 Policy enforcement point (PEP) : The system entity that 

performs access control, by making decision requests and 
enforcing authorization decisions.   

 Policy-combining algorithm: The procedure for 
combining the decision and obligations from multiple 
policies. 

 Policy decision point (PDP) : The system entity that 
evaluates applicable policy and renders an authorization 
decision.   

 Policy information point (PIP) : The system entity that 
acts as a source of attribute values. 

 Policy administration point (PAP): The system entity 
that creates a policy or policy set. 

 Subject : Subject is an entity that wants to access 
services/resources. It can be a user, service or any other 
entity on behalf of user/service. 

 Service/Resource: Service/resource is the object which is 
accessed by user e.g. CPU, Storage device, data, 
instruments etc. 

 Service Policy : It is a set of rules associated with 
service/resource. Subject must conform to service policy 
in order to access that service. 

 Policy database : It is policy store. 
 Filter/Privilege Authority: This component filters rights 

of the subject for the domain to which it is making 
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request. During this process every domain informs other 
domain about rights that this domain gives to other 
domain. So every domain maintains a database about 
rights which other domains have given to it which acts as 
filter. 

 Mutable Attribute Repository: This is central repository 
which contains subject’s mutable attribute e.g. usage 
quota (computation time, storage space) etc and system 
attributes e.g. time, location etc.  

 Authorization Assertion:  Authorization Assertion which  
state whether user has access to the target domain. 

 Rule-combining algorithm: The procedure for combining 
decisions from multiple rules. 
 

IV. METHOD FOR ACCESS CONTROL OF SERVICES 

AND APPLICATIONS 

 
There are mainly two steps for accessing resources i.e. 

obtaining credentials and Authorization decision as follow 
1. Getting credentials: Requesting subject first finds out 

authentication requirement of resource/service (X.509, 
Kerberos ticket etc.) [31]. Each domain maintain database 
of user’s credentials.  

There are several steps to obtaining the credential (user 
name / password) as bellow 

a) Access the required credential from the database. 
b) The root authority has right to issuing the certificate 

to individual domain.(There is one root authority on 
which all the participating domains agree ) 

c) The domain issue certificate to users(subject) 
d) After obtaining authentication credentials/identity 

certificate the subject contacts filter/privilege 
authority in its home domain for obtaining 
authorization assertion. 

 

 
Fig. 4.1 collecting credentials 

 
2. Reaching Authorization Decision: The authorization 

decision are made on the basis of attribute values 
[31],there are several steps to authorization decision as 
bellow  
a) Subject (request for service/ resource) sends request 

to the target site with authorization certificate( which 
authenticate subjects identity). The request also 
include persistent attributes( i.e. role membership). 

b) The request is intercepted by PEP(Policy 
Enforcement Point) [32]at the target site , PEP 

forwards request to PDP(Policy Decision Point)[33] 
for making access decision. 

c) PDP retrieves corresponding policy  from policy 
store, which matches with subject’s resources and 
action values. If  policy requires some mutable 
attributes of user then it fetches from mutable 
repository and object’s attributes from Resource 
monitor. 

d) PDP evaluates policy and decision upon request and 
responds to PEP which enforce decision  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2: DFD of PEP 
 
 
 

Working steps of PEP 
a) End user  requests access to an application/services. 
b) Request is routed through a PEP. 
c) PEP transfers request details to a PDP[33] for 

evaluation and authorization decision. 
d) The PDP refer to a policy repository(store) and 

possibly a policy information point. 
e) Policy is administered through a ‘ central’ PAP . 
f) PEP enforce the decision of the PDP either it is deny 

or grant access by end user. 
The working of PEP can be written in XACML[33]. The 
standard defines a declarative access control policy language 
implemented in XML[35] and a processing model describing 
how to evaluate authorization requests according to the rules 
defined in policies. that is used to determine the Access 
control procedure (request/response) i.e. deny or/ grant access 
as bellow 
 
Procedure PEP 
{ 
Call ValidateCertificate(Path) 
//checks the certificate validity by accessing certificate 
If (certificate==valid) 
Call PDP (attributes of subject, resource, action) 
} 
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Combining algorithms : XACML defines a number of 
combining algorithms that can be identified by a 
RuleCombiningAlgId or PolicyCombiningAlgId attribute of 
the <Policy> or <PolicySet> elements, respectively. The rule-
combining algorithm defines a procedure for arriving at an 
authorization decision given the  individual results of 
evaluation of a set of rules[33]. Similarly, the policy-
combining algorithm defines a  procedure for arriving at an 
authorization decision given the individual results of 
evaluation of a set of  policies. Standard combining algorithms 
are :  
Deny-overrides (Ordered and Unordered),  
Permit-overrides (Ordered and Unordered),  
First-applicable and  
Only-one-applicable.  
In the case of the Deny-overrides algorithm, if a single <Rule> 
or <Policy> element is encountered that evaluates to "Deny", 
then, regardless of the evaluation result of the other <Rule> or 
<Policy> elements  in the applicable policy, the combined 
result is "Deny" [33].  

Here in this paper Deny-overrides (Ordered and 
Unordered) policy combining algorithm are used to making 
decision authorization for accessing application/ services i.e 
 
Procedure combinepolicy(r [ ]) 
{ 
for (i=0; i<lengthof(r); i++) 
{ If (r==deny) 
return deny; 
else continue; 
} 
 
Policy Decision Point(PDP): After getting request from PEP, 
PDP retrieves corresponding policy from the policy store 
which matches with the subject’s, resource’s and action’s 
values. If policy requires some mutable attributes of user then 
it fetches from mutable AR and object’s  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3 :DFD of PDP 

 
Working of PDP [31] 
 
Procedure PDP 
{ 
Call getpolicies (“path”) 

// find all policies applicable to the request 
based on attributes of subject, resource 
and store result in array r [ ]. 
Call combinepolicy (r [ ]) 
// combine result of all policies. 
return result; 
} 
 
Procedure for sending request to PDP 
Procedure validating user and sending request 
{ 
Call IsValidUser () 
If o.IsValidUser(Login1.UserName, Login1.Password) 
Then Response.Redirect("~/ToEnterDiscoveryServices.aspx") 
Else MsgBox("InCorrect UserName/Password") 
Response.Redirect("~/Login.aspx") 
End If 
// if (user==valid) returns true; //if user is registered member 
of domain. 
IsValidCertificateCredentials() // get identity certificate from 
domain authority. 
Call SearchTheServices() 
// redirects request to discovery service in coregrid which 
returns list of services in 
domains. User selects the service and make access request 
Call SendRequestToOtherDomain(attributes of subject, 
resource, action, 
authorization assertion) 
//returns authorization credential from filter authority to enter 
into domain and calls PEP of other domain[31]. 
 

V. CONCLUSIONS 

 Cloud security is a great issue for cloud users and its 
service providers, there are several issues regarding security 
and threats in cloud computing concern at different level of 
cloud architecture hierarchy. Access control has become the 
most  important requirement for cloud computing  to achieve 
secrecy, integrity, or availability objectives. It is important to 
integrate computer and network security more closely to 
develop a true discipline of cloud security. 

ACKNOWLEDGMENT 

The guidance and support given by Shri Ravi Shankar 
Singh is gratefully acknowledged.  
 

REFERENCES 

 
1. G. Walker, IT Consultant, Walker Automated Services “Cloud 

computing fundamentals” 
2. http://www.cloudtweaks.com/2010/12/cloud-computing-and-

google-docs/ 
3. http://spectrum.ieee.org/computing/networks/how-facebook-could-

make-cloud-computing-better 
4. http://gigaom.com/cleantech/how-cloud-based-gmail-is-energy-

efficient/ 
5. www.en.wikipedia.org/wiki/Yahoo! 
6. www.windowsazure.com/en-us/ 

48

http://www.ibm.com/developerworks/cloud/library/cl-cloudintro/index.html
http://www.cloudtweaks.com/2010/12/cloud-computing-and-google-docs/
http://www.cloudtweaks.com/2010/12/cloud-computing-and-google-docs/
http://www.cloudtweaks.com/2010/12/cloud-computing-and-google-docs/
http://spectrum.ieee.org/computing/networks/how-facebook-could-make-cloud-computing-better
http://spectrum.ieee.org/computing/networks/how-facebook-could-make-cloud-computing-better
http://gigaom.com/cleantech/how-cloud-based-gmail-is-energy-efficient/
http://gigaom.com/cleantech/how-cloud-based-gmail-is-energy-efficient/
http://en.wikipedia.org/wiki/Yahoo


International Conference on Artificial Intelligence & Soft Computing (AISC - 2012), December-2012, IIT-BHU, Varanasi 

 

7. https://developers.google.com/appengine/docs/whatisgoogleappen
gine 

8. www.research.yahoo.com/node/90 
9. www.en.wikipedia.org/wiki/Amazon_S3 
10. en.wikipedia.org/wiki/Amazon_Elastic_Compute_Cloud 
11. en.wikipedia.org/wiki/Windows_Azure 
12. en.wikipedia.org/wiki/IBM_cloud_computing 
13. en.wikipedia.org/wiki/Eucalyptus_(computing) 
14. https://help.ubuntu.com/community/UEC 
15. www.www.scribd.com/doc/36472413/51/Tutorial-5-Amazon-

Virtual-Private-Cloud-Amazon-VPC 
16. www.cloud.ctrls.com/Cloud-Services 
17. www. Microsoft Private Cloud whitepaper 
18. www.en.wikipedia.org/wiki/Web_service 
19. V. Rajan, R.S. Singh, “A Mechanism for Flexible Access Control 

During Co-Ordinated Resource Sharing in Enterprise Grids” 1st 
Int’l Conf. on Recent Advances in Information Technology | 
RAIT-2012 | 

20. V. Rajan, S.C. Patel, R. S.Singh, “A novel access control 
mechanism based on Key-Chain-Web model using authorization 
contexts”, International Journal of Computer Applications (0975 – 
8887), Volume 50 - Number 13 

21. J. D. Amit Sangroya, Saurabh Kumar and V. Varma, “Towards 
analyzing data security risks in cloud computing environments,”in 
Proceeding at International Conference on Information 
Systems,Technology, and Management (ICISTM 2010), 2010, p. 
255265. 

22. D. Nurmi, R. Wolski, C. Grzegorczyk, G. Obertelli, S. Soman,L. 
Youseff, and D. Zagorodnov, “The eucalyptus open-source cloud-
computing system,” in Proceedings at 9th IEEE/ACM Inter-
national Symposium on Cluster Computing and the Grid, 2009. 

23. S. Berger, R. Caceres, K. Goldman, D. Pendarakis, R. Perez, J. R. 
Rao, E. Rom, R. Sailer, W. Schildhauer, D. Srinivasan, S. Tal, and 
E. V. and, “Security for the cloud infrastructure: Trusted virtual 
data center implementation,” IBM Journal. Resources & 
Developments, vol. 53, no. 4, p. 12, 2009 

24. X. Zhang, J. Schiffman, S. Gibbs, A. Kunjithapatham, and S. 
Jeong, “Securing elastic applications on mobile devices for cloud 
computing”, in Proceeding at ACM Cloud Computing Security 
Workshop (CCSW), 2009. 

25. C. Danwei, H. Xiuli, and R. Xunyi, “Access control of cloud 
service based on ucon,” LNCS Cloud Computing, vol. 5931, 
pp.559–564, 2009. 

26. R. Sandhu and J. Park, “Usage control: A vision for next 
generation access control,” LNCS Mathematical Methods, Models, 
and Architectures for Network Security Systems, vol. 2776, p. 
1731, 2003. 

27. L. Hu, S. Ying, X. Jia, and K. Zhao, “Towards an approach of 
semantic access control for cloud computing,” LNCS Cloud 
Computing, vol. 5931, p. 145156, 2009. 

28. S. D. Capitani, S. Foresti, S. Jajodia, S. Paraboschi, and P. 
Samarati,“Over-encryption: Management of access control 
evolution on outsourced data,” in Proceeding at International 
Conference on VeryLarge Databases, 2007. 

29. S. Yu, C. Wang, K. Ren, and W. Lou, “Achieving secure, scalable, 
and fine-grained data access control in cloud omputing,” in 29th  
IEEE International Conference on Computer Communications, 
2010. 

30. Chakrabarti Anirban ”Grid Computing Security”, XIV, 332 p. 87 
ISBN: 978-3-540-44492-3 
 

31. Seema, S. Singh, D. Sharma “An Access Control Framework for 
Grid Environment” Indian Journal of Computer Science and 
Engineering (IJCSE) 

32. www. stevenimmons.org/2012/02/policy-enforcement-point-
pattern/ 

 
33. www.docs.oasis-open.org/xacml/3.0/xacml-3.0-core-spec-cs-01-

en.pdf//PDP 
 

34. E. Damiani, S. De Capitani di Vimercati, S. Paraboschi, and P. 
Samarati. Design and implementation of an access control 

processor for XML documents. Computer Networks, 33(1–6):59–
75, June 2000. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

49

http://en.wikipedia.org/wiki/Amazon_S3
http://www.scribd.com/doc/36472413/51/Tutorial-5-Amazon-Virtual-Private-Cloud-Amazon-VPC
http://www.scribd.com/doc/36472413/51/Tutorial-5-Amazon-Virtual-Private-Cloud-Amazon-VPC
http://cloud.ctrls.com/Cloud-Services
http://www.google.co.in/url?sa=t&rct=j&q=microsoft+eci+datacenter&source=web&cd=2&ved=0CCkQFjAB&url=http%3A%2F%2Fwww.microsoft.com%2Fclick%2Fservices%2FRedirect2.ashx%3FCR_EAC%3D300035806&ei=qkJ2UJCKC4TprAezt4DADw&usg=AFQjCNHtrwOqWBGnv4apnARbTA2SSBWpnQ
http://www.en.wikipedia.org/wiki/Web_service
http://www.birds-eye.net/definition/p/pep-policy_enforcement_point.shtml
http://www.birds-eye.net/definition/p/pep-policy_enforcement_point.shtml
http://www.docs.oasis-open.org/xacml/3.0/xacml-3.0-core-spec-cs-01-en.pdf//PDP
http://www.docs.oasis-open.org/xacml/3.0/xacml-3.0-core-spec-cs-01-en.pdf//PDP
http://www.docs.oasis-open.org/xacml/3.0/xacml-3.0-core-spec-cs-01-en.pdf//PDP


Homogeneity Analysis based Robust Watermarking 

Scheme based on Singular Value Decomposition for 

Color Images 
 

Priyanka Singh 

GIS Cell 

Motilal Nehru National Institute of 

Technology  

Allahabad,India 

priyankaap@gmail.com 

 

Suneeta Agarwal 

Computer Science and Engineering 

Department 

Motilal Nehru National Institute of 

Technology 

Allahabad, India. 

suneeta@mnnit.ac.in 

Ankita Kumar 

Computer Science and Engineering 

Department 

Motilal Nehru National Institute of 

Technology 

 Allahabad, India. 

          kumar.ankita21@gmail.com

 

 

Abstract—Homogeneity analysis based watermarking scheme is 

based on the content of the digital image that is to be protected 

against the various security breaches possible while transmission. 

In the proposed methodology, first of all appropriate sites are 

being searched within the cover image to embed the secret 

information using quad tree based image segmentation method. 

Thereupon, the Singular Value Decomposition properties are 

being exploited to hide the watermark bits into the diagonal 

matrix elements. The indistinguishability and robustness of the 

scheme are measured with Peak Signal to Noise Ratio (PSNR) 

and Normalized Cross Correlation (NCC) values. High 

achievable values of the metrics validate the efficiency of the 

proposed scheme against the various attacks.  

 

Keywords- Homogeneity Analysis; Cover Image; Quad Tree; 

Singular Value Decomposition (SVD); Peak Signal to Noise 

Ratio(PSNR); Normalized Cross Correlation(NCC) 

I.  INTRODUCTION  

With the advent of progress in information technologies and 

the availability to the Internet led to the sharing of vast 

amounts of data with easy storage, processing and transmission 

along the internet. The advantage of accessibility brought with 

it the disadvantage of tampering of data through illegal means. 

The tampering or grabbing of data from the Internet can be 

prevented by the application of various approaches such as 

watermarking, copy detection, digital signatures etc. have been 

used. The approach of watermarking serves as the means to 

embed secret information into their works such as logos, 

portraits or trademarks and later, extract the embedded logos 

for authorization by the real owners who possess the keys 

which are the required confidential data to prove the 

ownership. 

 

The classification of watermarking schemes can be done 

broadly into two categories: the spatial domain [1, 3, 5] and the 
frequency domain [2, 4, 6, 7, 8] techniques. In the spatial 

domain watermarking schemes, the digital data (pixels) are 

modified directly to hide the watermark bits and possess the 

advantage of low computational complexity. However, the 

resistance capability against the various types of signal 

processing attacks is usually low. The approach of frequency 

domain hides the watermarks in the transform coefficients of 

the digital data. Various transform techniques are available like 

the Fast Fourier Transformation, Discrete Cosine 

Transformation, Discrete Wavelet Transformation etc. The 

imperceptibility and robustness of the hidden watermarks are 

maintained by exploiting the properties of these transforms. 

The inverse transformation of the modified coefficients are 

thereby taken to generate the watermarked images. The 

frequency-domain techniques usually have high robustness 

against the various types of signal processing attacks but  the 

computational cost is higher. 

II. RELATED WORK 

The SVD transform has been used as one of the efficient 

frequency domain methods in the past few years. The basic 

concept behind using SVs for embedding purposes comes from 

the fact that the image quality does not degrade much changing 

the SVs slightly. Many methods have already been developed 

that embedded the watermark directly into the SVs of the cover 

image [8, 9, 10], whereas other methods used the SVs of 

transform coefficients for hiding the secret information [11, 12, 

13]. Some proposed schemes can be categorized into the blind 

schemes [8, 11] with a specific quantization method, some into 

semi-blind schemes [10] and others as non-blind schemes [9, 

12, 13]  . 

 

A double watermarking scheme based on SVD was presented 

in [14] that embedded the watermark twice. In the first layer, 

the cover image was divided into smaller blocks and thereafter 

a piece of the watermark was embedded in each block. The 

second layer treated the cover image as a single block to embed 

the whole watermark in it. The idea of using two layers for 

embedding the watermark  fetched two benefits, first flexibility 

in data capacity provided by the first layer, and secondly, 

50



additional robustness against attacks provided by the second 

layer. A hybrid watermarking approach based on SVD-DCT 

was presented in [15]. The SVD transformation of the 

watermark and   the DCT of the original image were computed. 

Thereby, the DCT coefficients of the original image were 

altered to embed the singular values of the watermark into 

them. Further, the usage of LPSNR criterion contributed 

towards achieving high robustness against the attacks without 

degrading the visual quality of the image.  

 

The organization of the paper is as follows: the key concepts of 

the quad tree based image segmentation, Convolution encoding 

with Viterbi decoding and Singular Value Decomposition are 

discussed in brief in section 3. Section 4 describes the proposed 

methodology and experimental results with analysis are 

described in section 5. Conclusions along with the scope of 

future works are drawn in section 6. 

 

III. OVERVIEW OF THE CONCEPTS USED 

A. Quad Tree Segmentation 

In  Quad Tree based Image Segmentation method, the image is 

partitioned into regions based on finding boundaries between 

them due to discontinuities of intensity levels or the 

distribution of pixel properties, such as intensity values. The 

approach is to subdivide the entire image region iteratively into 

smaller quadrant regions to form  a tree structure where each 

node has exactly four descendants. The entire image region is 

represented by the parent node and its four descendants signify 

the disjoint sub regions within the large region. This 

segmentation process continues dividing the given square 

image repeatedly into four equal sized sub square blocks, until 

the blocks meets the homogeneity criterion set by the user. The 

user defined criteria is tested for each block. If it satisfies, it is 

not divided further and if it does not, then it is further 

subdivided again into four blocks, applying the same criterion 

to the resulting blocks. Less valuable information of an image 
like the absence of edges, the background area etc. are 

represented by large regions. The presence of critical 

information in an image are signified by the small regions. 

Hence, they are appropriate sites for embedding the watermark. 

 

B. Convolution Encoding with Viterbi Decoding 

Convolution coding is one of the efficient methods of channel 

encoding, operates on the serial data. It is basically beneficial 

for high data rate application [1]. The viterbi decoding method 

with properties like high operation speed, fixed decoding time, 

low costing and satisfactory bit error performance serves as an 

efficient tool for the decoding process. This combination of 

encoding-decoding has been used in the proposed 

methodology to tackle problems related to the channel 

corrupted with additive white gaussian noise. Hence, it is used 

to increase robustness of the proposed scheme. 

 

C. Singular Value Decomposition(SVD) 

The singular value decomposition (SVD) technique has been 

successfully used in a variety of applications, such as data 

compression, pattern analysis and signal processing [12, 13]. 

The image quality does not get deteriorate much by slightly 

changing the SVs of the SVD transform applied to the cover 

image. Also, the SV values are robust to the common image 

processing attacks and do not change much after their 

application to the image. From the linear algebra viewpoint, the 

SVD decomposition of any discrete image matrix A of size 

mxn can be represented as: 

                                     A=USV
T
 

where U and V are orthogonal matrices (U
T
U=I,V

T
V=I) of 

size mxm and nxn respectively. 

 

The horizontal and vertical details in an image are given by the 

columns of U and V matrices called as left and right singular 

vectors respectively. The diagonal matrix S with size mxn, has 

nonzero elements called singular values of the matrix. They 

represent the luminance values of the image layers and as 

arranged in decreasing order from the first SV to the last one.  

IV. THE PROPOSED METHODOLOGY 

The proposed watermarking scheme consists mainly of two 

phases, watermark embedding and watermark extraction. In the 

embedding phase, the watermark is embedded into the 

homogeneous blocks present in the ROI of the cover image and 

in the extraction phase, it is extracted. The detail block diagram 

representation of the proposed embedding scheme is shown in 

Fig. 1. 

 
 

Figure 1: Watermark Embedding 

51



A. Watermark Encoding 

In the embedding phase, an appropriate region is chosen from 

the cover image as the site for embedding the watermark, and 

thereafter, homogeneity analysis of the same is carried out and 

watermark bits are embedded into them. The detail steps of 

embedding the watermark are as follows: 

 

Step 1: Select a particular portion of the cover image from the 

selected color channel as the region of interest (ROI). The ROI 

depends upon the application problem for which the image is to 

be employed for the solution like for the vegetative application 

of an area, the forests would be considered as the region of  

interest.  

 

Step 2: Now, homogeneity analysis of the cover image is done 

using quad tree based image segmentation for the selected 

region of interest, based on some homogeneity criteria. For 

instance, in the experiments carried out the difference between 

the maximum and minimum gray level value of the block 

elements was fixed as the threshold value less than 

10.Thereafter, blocks of a particular size are selected from the 

decomposed cover image. The size of the blocks depends upon  

the level of segmentation needed for the particular application. 

Here, we have considered blocks of 4x4 pixels from the quad 

tree decomposition. 

 

Step 3: The watermark is resized depending upon the count of 

the homogeneous blocks in the above step and consequently, 

converted to the binary image and a bit sequence is formed 

from it. 

  

Step 4: The selection of the blocks for embedding the 

watermark bit is done in a random way depending upon the 

secret key generated. The bit embedding strategy is quite 

similar to the one proposed in [16] with slight changes. The 

following process is repeated until all the watermark bits are  

inserted in the selected homogeneous blocks. 

 
4.1) Compute the SVD decomposition of each block say p. 

It results in two orthogonal matrices U p  and V p . They 

represent the left and right singular vectors and a diagonal 

matrix S p  whose values are arranged in decreasing order as 

shown below: 

S p =  
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4.2) The S p matrix is a 4x4 diagonal matrix. The third 

diagonal element of the matrix S p  is put equal to the second 

diagonal element and obtain   S’ p  given by: 

                           S’ p =  
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   where t’ 3 = t 2   

4.3) Now, the second diagonal element is allotted a value 

equal to its previous value incremented by constant times the 

watermark bit and a new S” p  is obtained given by: 

                           S” p  =  
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    where t’ 2 = t 2  +  δ * W p , where  δ  is a constant. 

4.4) The watermarked block BW p  is obtained by inverse 

transforming this new obtained S” p  value with the initially 

obtained  U p  and  V p  values of the block, as follows: 

                       BW p = U p  S” p  V p

T
 

4.5) This watermarked block is then placed in its original 

location with respect to the cover image. 

 

Step 5: Watermarked image is then formed after inserting the 

entire feature vector and placing the blocks in their 

corresponding positions. 

B. Watermark Decoding  

The detailed step by step procedure for the extraction phase is 
depicted in Fig. 2 and described in detail as follows:  

 

Figure 2: Watermark Extraction 
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Step 1: Quad tree based image segmentation is done of the 

watermarked image and blocks of size (4x4) are selected using 

the same homogeneity criteria, used at the time of embedding. 
 

Step 2: Now, select the corresponding 4x4 blocks of the 

segmented watermarked image (possibly distorted version of 

the watermarked) using the secret key generated at the time of 

embedding. Compute SVD of each block and obtain three 

matrices   BU
p
, BS

p
 and BV

p
 as follows: 

                       BS p =
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Step 3: If the difference between the second and the third  

diagonal element is greater than δ times, then extracted 

watermark bit W p =1 otherwise W p =0. 

 

If   tw 2 - tw 3
>= δ , then W p =1 else W p =0. 

 

Step 4: Same process is repeated for each of the block to 

extract the bits and build up the feature hidden which is then 

compared with the actual feature vector to prove the 

ownership. 

 
V. EXPERIMENTAL RESULTS AND ANALYSIS 

The performance of the proposed methodology has been  
authenticated by simulating on a wide set of cover images and 
watermarks using MATLAB10. The cover images are color 
images of size 512X512 and watermarks used are binary 
watermarks of 40X40 size as shown in Fig. 3 and Fig. 4.  

 

             (a)                             (b)                              (c) 

Figure 3: (a), (b), (c) cover images used 

                                            

                           (a)                     (b)                  (c) 

Figure 4: (a), (b), (c) are watermarks used 

 
A large number of experiments has been done to reveal the 
optimum values for the various constants used in the proposed 
methodology. They are as follows: the homogeneity criteria 
tested for the quad tree based decomposition was threshold 
value taken as 10. The strength of the proposed methodology 

depends on a constant value delta taken as 10 and encoding 
rate as 0.5. To measure the imperceptibility of the watermarked 
image from the original image, the Peak-Signal-to-Noise-Ratio 
(PSNR) metric has been adopted. Its high achievable PSNR 
values in the experiments indicated good indistinguishability of 
the watermarked image from the cover image. Its variation 
with the threshold value in the quad tree based decomposition 
and the constant determining the strength for embedding of the 
watermark bits are depicted in the Fig. 5 to Fig. 8.  

 

 

 

 

 

 

 

 

 

        

       Figure 5: Variation of PSNR with Threshold Value in 

YUV Color Space 

 
Another metric has been used to measure the similarity of the 
extracted and the original watermark quantitatively, known as 
Normalized Cross Correlation (NCC) defined as follows: 

NCC = [W ij ×W’ ij ] ⁄ [W ij ×W ij ] 

where W ij  and  W’ ij  are the pixel values at the (i,j)
th
position 

in the original and extracted watermark. 

 

The NCC values range from 0 to 1. The robustness of the 

methodology is also validated by applying various common 

image processing operations on the watermarked image. The 

high NCC metric indicates it and the results are enlisted in the 

table 1 to 5. 
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Figure 6: Variation of PSNR with Threshold Value in YIQ 

Color Space 
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Figure 7: Variation of PSNR with Constant Value 
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Figure 8: Variation of PSNR with Constant Value 

 
TABLE 1: Y COMPONENT WATERMARKED IN YUV COLOR SPACE 

 

Attacks Applied NCC Value 

No Attack 1 

Wiener Filter 0.75 

Salt & Pepper Noise 0.86 

Rotation 0.91 

Median Filter 0.78 

Speckle Noise 1 

Scaled Down 0.90 

Average Filter 0.74 

Gaussian Noise 0.99 

Histogram Equalization 0.92 

Laplacian Filter 0.89 

Cropping 1 

JPEG 0.86 

Gaussian Filter 0.85 

 

         
 

  

 

TABLE 2: U COMPONENT WATERMARKED  IN YUV COLOR SPACE 

 

Attacks Applied NCC Value 

No Attack 1 

Wiener Filter 0.74 

Salt & Pepper Noise 0.89 

Rotation 0.56 

Median Filter 0.77 

Speckle Noise 0.93 

Scaled Down 0.88 

Average Filter 0.74 

Gaussian Noise 0.99 

Histogram Equalization 0.99 

Laplacian Filter 0.92 

Cropping 1 

JPEG 0.84 

Gaussian Filter 0.84 

 

 

         TABLE 3: V COMPONENT WATERMARKED  IN  YUV COLOR SPACE 

 

Attacks Applied NCC Value 

No Attack 1 

Wiener Filter 0.78 

Salt & Pepper Noise 0.87 

Rotation 0.33 

Median Filter 0.82 

Speckle Noise 1 

Scaled Down 0.93 

Average Filter 0.77 

Gaussian Noise 1 

Histogram Equalization 0.89 

Laplacian Filter 0.91 

Cropping 1 

JPEG 0.87 

Gaussian Filter 0.83 

 
           TABLE 4: I COMPONENT WATERMARKED  IN YIQ COLOR SPACE 

 

Attacks Applied NCC Value 

No Attack 1 

Wiener Filter 0.70 

Salt & Pepper Noise 0.89 
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Rotation 0.90 

Median Filter 0.75 

Speckle Noise 1 

Scaled Down 0.92 

Average Filter 0.68 

Gaussian Noise 1 

Histogram Equalization 0.92 

Laplacian Filter 0.88 

Cropping 1 

JPEG 0.84 

Gaussian Filter 0.82 

 
           TABLE 5: Q COMPONENT WATERMARKED  IN YIQ COLOR SPACE 

 

Attacks Applied NCC Value 

No Attack 1 

Wiener Filter 0.68 

Salt & Pepper Noise 0.86 

Rotation 0.90 

Median Filter 0.71 

Speckle Noise 1 

Scaled Down 0.92 

Average Filter 0.65 

Gaussian Noise 1 

Histogram Equalization 0.94 

Laplacian Filter 0.88 

Cropping 1 

JPEG 0.86 

Gaussian Filter 0.78 

 

VI. CONCLUSION 

The present paper proposed a homogeneity analysis based 
robust watermarking scheme utilizing the properties of quad 
tree based image segmentation to chalk out appropriate sites for 
embedding the secret information in an indistinguishable way. 
The convolution encoding is further applied to actual 
watermark bits and resulting sequence has been embedded into 
the diagonal matrix values after applying SVD transform to the 
homogeneous blocks as slight variations in them does not bring 
about considerable changes in the perceptual quality of the 
image. This methodology can be used for the rightful 
ownership verification as only the person possessing the key, 
the original watermark and the encoding rate can retrieve the 
actual watermark. The high robustness of the scheme against 
various attacks like histogram equalization, filtering, noises 
like salt and pepper, and rotation attacks, is verifiable by the 
high achievable NCC values. The future study can be focused 

to make the scheme applicable to the video watermarking and 
further enhancing its robustness against more variety of attacks.  
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Abstract- This paper presents a comprehensive survey on 

applications of Artificial Intelligence (AI) Computational 

Techniques for solving the different problems in 

Mechanical Engineering fields such as thermal 

engineering, manufacturing process, design of electrical 

machines, welding engineering etc. Authors strongly 

believe that this survey article will be very much useful for 

the researchers, practitioners, and scientific engineers to 

find out the relevant references in the field of applications 

of Artificial Intelligence Computational Techniques in 

Mechanical Engineering fields such as thermal 

engineering, manufacturing process, design of electrical 

machines, welding engineering etc. 

 

Keywords: AI Techniques, Fuzzy logic (FL), Genetic 
algorithms (GA), Artificial Neural network (ANN), 
Gravitational optimization technique (GOT), Ant colony 
Search (ACS), Particle swarm optimization (PSO), 
Simulated annealing (SA), Tabu search (TS), Thermal 
Engineering Systems (TESs), Welding Engineering Systems 
(WESs), Intelligent Systems (IS) etc. 
 

I. INTRODUCTION 
 

Among a plethora of concepts and techniques of AI in 
engineering, in our opinion, the key paradigms are as 
follows: 
 

• Knowledge-based systems(KBSs) 
• FL 
• NN 
• GA 
• Intelligent agents(IA) 
• PSO 
• ACS 
• TS 
• PSO+GA 
• FL+NN 
• FL+GA 
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The above AI techniques are very useful for mechanical 
engineering fields such as TE and WE etc. Our prediction is 
that these paradigms will yield important results for many 
years from now and the future will be dominated by the 
paradigm of IA. We will begin with our personal definitions 
of some fundamental concepts of AI in engineering. AI is 
defined as the capability of a system to achieve a goal or 
sustain desired behavior under conditions of uncertainty. We 
have arrived at this definition by studying the phenomenon 
of AI in biological systems where, in operational terms, one  
can argue that AI helps them to cope up with unpredictable 
changes in the environment systems. Has to cope up with the 
following sources of uncertainty. 
 
The following features followed by AI techniques: 
 

• Deterministic Behavior  
• Proto-Intelligent Behavior  

 
IS will play an increasingly important role in engineering, 
because of the fundamental changes in economic conditions 
and rapid development of AI technology.  
 
                   

 
 

Fig.1 Trends 
 

 
Architectures of IS let us for the consideration of intelligent 
machine systems (IMS). To exhibit autonomous intelligent 
behaviour a machine must be capable of performing three 
fundamental functions: 
 

• Perception, 
• Cognition, and 
• Execution. 

The two major roles of Perception are as follows: 
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• To collect data about the world in which the system 
operates (this world includes the system itself and 
its environment) and  

• To process collected data (so called data fusion) 
with a view to assemble reliable information on the 
basis of which decisions can be made on future 
system behavior.  

 

Perception is usually associated with building and updating 
models of the world in which the system operates. However 
intelligent behavior may be achieved without an internal 
world model. Cognition includes consideration of system 
goals and the current state of the world (possibly also likely 
future states) and, based on this information, planning future 
system actions. Execution is about initiating and controlling 
a particular behavior. There are many possible ways of 
organizing these functions to achieve autonomous intelligent 
behavior.  

  
 

Fig.2 Major function of an IMS 
 
Conceptually, the most simple is a centralized architecture 
with perception, cognition and execution functions are 
implemented as separate but interconnected subsystems. 
However, from the engineering point of view a centralized 
architecture is not feasible. Credit for this change in direction 
from general problem solvers to specialized intelligent 
KBSs, is often given to Feigenbaum, who introduced the 
notion that the performance of KBSs critically depends on 
the amount of domain-dependent knowledge stored in the 
system. This research shows that it is possible to distinguish 
between the following categories of knowledge and skills 
required to operate a successful manufacturing business as 
follows: 
 

• Creative skills, that is, skills in finding new ways of 
attracting customers, organizing people, 

• developing products, planning manufacturing 
processes, creating new markets and selling either 
existing or new products or services, 

• General business skills, which can be described as 
an ability, to manage resources and processes 
effectively with a view of making money, 

• Expertise, that is, the capability to solve difficult 
problems in a very effective manner, often relying 
on experience, empirically derived rules and 
perceptive observations, 

• Technical skills, which include skills of performing 
tasks effectively that are not too demanding. 

 

 
Current KBS in engineering are primarily aimed for 
supporting experts and engineers carrying out technical 
tasks. An important part of knowledge analysis is to identify 
generic tasks that engineering decision makers carry out at 
all levels of the organization. A partial list of these tasks is 
given below: interpreting data, text, images and voice 
messages; selecting methods, materials, ideas; diagnosing 
faults; analyzing requirements; assessing proposals; 
modeling and simulating; controlling plants, projects, 
organizational units; scheduling resources; planning 
activities or processes; specifying systems, products; 
configuring systems; performing conceptual design, 
embodiment design and detailed design; estimating costs; 
negotiating; training colleagues. In many manufacturing 
organizations knowledge is not properly classified and 
documented. Records are often incomplete, inconsistent, 
even contradictory and out of date. Since decisions are 
highly dependent on the quality of knowledge available to 
the decision maker, KBSs as follows: 
 

• Improve quality and increase speed (and, in certain 
cases, reduce costs) of decision making and thus 
improve product and service quality, shorten lead 
times and reduce costs, 

• Make new decision processes feasible and thus 
enable the introduction of new products and 
services, including services whose purpose is to 
increase customer loyalty and reduce the bargaining 
power of suppliers and those devised to create 
barriers to the entry of new competitors, 

• Eliminate decision processes and information 
handling activities which are not essential and thus 
save time and money, 

• Help to create an organizational culture conducive 
to innovation, learning and group decision making, 

• Create the know-how necessary for an effective 
transition to a knowledge economy. 

 

 
One of the main advantages of KBS is that they can utilize 
empirical knowledge which is normally not available in 
books. It is however widely recognized that the elicitation of 
empirical knowledge from experts and technical personnel is 
a very difficult task 
 
The various AI based methods proposed in literature includes 
FL  [1]-[10], GA [11]-[36], NN  [37]-[78], GOT  [79]-[111], 
ACM  [112]-[132], PSO  [133]-[171], SA  [172]-[182], TS 
[183]-[188], AI [189]-[196],  FL+GA  [197]-[215],   FL+NN  
[216]-[235],  PSO+GA  [236]-[243].  
 

 
This paper is organized as follows: Section II discusses the 
classification of AI Techniques. Section III presents the 
summary of the paper. Section IV presents the conclusions of 
the paper. 
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II. CLASSIFICATION OF AI TECHNIQUES 
 

Twelve broad categories of AI techniques including hybrid 
techniques for application in mechanical engineering fields 
as follows: 
 
 

2.1 FL 
 

Juan A et al. [1], has been demonstrated the use of FL 
control strategies which has recently gained enormous 
acknowledgement for the control of nonlinear and time 
variant systems. This strategy describes the development of a  
FL control method for a tire antilock system in vehicles 
while braking, integrated in a tire test bench, thereby 
allowing us to imitate the functioning and to understand the 
behaviour of these systems in a reliable way by using a FL 
control. But it introduces the linear acceleration of the centre 
of gravity in the longitudinal direction and the angular 
acceleration of the turn in relation to the vertical direction as 
a known parameter obtaining adequate results in all the 

studied conditions. A. Dais et al. [2], has been suggested 
that the linear but it introduces the linear acceleration of the 
centre of gravity in the longitudinal direction and the angular 
acceleration of the turn in relation to the vertical direction as 
a known parameter. Y. Lee et al. [3], has been suggested that 
the slip reference is also obtained through a non-derivative 
optimizer, needing the linear acceleration of the center of 
gravity in the longitudinal direction. This slip reference is 
used in a FL control to obtain the brake torque. U. Kiencke 
[4], has presented that an RLS estimator is used to obtain the 
adhesion characteristics, which needs to know the brake 
pressure and the angular speed of the wheel as parameters. 
Manoj Mathew et al. [5], has been presented an adaptive 
neural fuzzy inference system (ANFIS) which  was  
modelled in this literature using MATLAB toolbox to predict 
the cold compressive strength of the iron ore pellet. Pellet 
size, Bentonite and green pellet moisture was taken as input 
variables and cold compressive strength as output variable. 
Various architectures of ANFIS were tested to obtain a 
model having lowest Mean Relative Percentage error 
(MRPE). Cold Compressive Strength is supposed to be 
closely monitored, to control the process. Simulation of a 
system, modelling and prediction of the output can be done 
with the help of ANFIS in which NN and FL have an 
important place. Min-You Chen [6], has used it for various 
applications like prediction of material property, Fi-John 

Chang et al. [7], has discussed the prediction of water level 

in reservoir, Tugba Efendigil et al. [8], demand forecasting 
etc. Himanshu Chaudhary et al. [9], also used it for control 
process like controlling the robot manipulator. Boumediene 
Selma et al. [10], has used it in trajectory estimation and 
control of vehicle etc. Pelletizing is a process used for 
agglomeration of the raw iron-ore fines, which consist of two 
steps: balling of powdered fine using rotating disk/drum and 
induration (thermal hardening) of green pellet on a moving 
straight grate.  
 

2.2 GA 
 

 

Hamidreza Salimi et al. [11], has discussed that the sandwich 
composite panels are increasingly used in the construction of 
marine vehicles. Because of the outstanding use of 
composite panels there come difficulties in the designing 
process, as a result of the large number of design variables 
involved, including composite material design, topologies 
and laminate schemes. In this GA procedure, sandwich 
composite panel finite element model is built, then the 
coupled acoustic–structural arithmetic from the widely used 
calculation program of the finite element “ABAQUS” is used 
to simulate and analyze the transient dynamic response of a 
sandwich composite panel that experiences loading by an 
acoustic pressure shock wave resulting from an underwater 
explosion “UNDEX”. This approach is well suited for 
enhancing the response of a new operator called “ply swap” 
are applied to achieve these goals. Zenkert [12], has 
discussed that now a days, sandwich structures are used in 
almost every industrial sector ranging from buildings to 
aerospace applications because of the drive for light weight 
structures with high stiffness to weight ratio, high bending 
strength to weight ratio, and good acoustical insulation. 
Goubalt et al .[13],  has suggested that a large number of 
design variables and complex mechanical behavior 
associated with such materials turn the structural design into 
much more difficult and laborious than those involving 
conventional materials. It is assumed that a sandwich panel 
consists of various facing lamination and different core 
thickness (Fig.3). This plate structure is typical for the deck, 
side, and bottom of a ship hull grinder. 

 

.  

Fig.3 typical sandwich panel structure 
 

Hibbitt Karlsson et al. [14], has studied attempts to utilize 
the finite element code “ABAQUS” to examine the dynamic 
reaction of a sandwich panel to underwater shock loads. Cole 
[15], has discussed underwater explosion pressure in which 
the study is analyzed using Cole’s formula. The optimized 
stacking sequence of face sheets, the number of plies, fiber 
orientations and core thickness are determined by varying the 
ply angles and core thickness in order to achieve the 

minimum weight. Bahaa Ibraheem Kazem et al. [16], has 
proposed GA to optimize the point-to-point trajectory 
planning for a 3-link (redundant) robot arm. The objective 
function for the proposed GA is to minimizing traveling time 
and space, while not exceeding a maximum pre-defined 
torque, without collision with any obstacle in the robot 
workspace. Various methods for trajectory planning schemes 
based on GAs have been proposed.  P. Garg and M. Kumar 
[17], used GA techniques for robot arm to identify the 
optimal trajectory based on minimum joint torque 
requirements. The authors used polynomial of 4th degree in 
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time for trajectory representation to joint space variables.  
Pires and Machado [18], proposed a path planning method 
based on a GA while adopting the direct kinematics and the 
inverse dynamics. S. G. Yue et al. [19], focused on the 
problem of point-to point trajectory planning of flexible 
redundant robot manipulator (FRM) in joint space. Pires et al 
[20], use GA to optimize a planar robot manipulator 
trajectory. The GA objective is to minimize the trajectory 
space/time ripple without exceeding the maximum pre-
defined torque. N. Belavendram [21], has suggested that 
Parameter optimization can be achieved by many methods 
such as Monte-Carlo, full, and fractional factorial designs. 
GA is fairly recent in this respect but afford a novel method 
of parameter optimization. In this paper, a GA is used to 
study a seven factor non-linear equation for a Wheatstone 
bridge (Fig.4) as the equation to be optimized. A comparison 
of the full factorial design against a GA method shows that 
the GA method is about 1200 times faster in finding a 
comparable solution. 

 
Fig .4 Wheatstone bridge circuit 

 

 
Referring to Figure 5, the optimization problem is now Step 
1, to use NPM to minimize the variance of a factor; and Step 
2, to use TPM to minimize the bias, and achieve the target 
value as best as possible.  
 

 
Fig .5 Effect of NPM and TPM on response 

 

 
Long-Jyi Yeh et al. [22], has presented  the compact design 
of a muffler system within a constrained environment of a 
existing machine room becomes obligatory, it also becomes 
essential to maximize the acoustic performance of mufflers 
under space constraints. In this literature, the shape 
optimization of a double-chamber muffler with an extended 
tube is presented. The main characteristic of the solution 
methodology is the use of GA as the optimizer. In the 
literature, the acoustic performance of sound transmission 

loss (STL) derived by transfer matrix is conjugated with the 
techniques of GA searching. A numerical case of noise 
elimination in full band noise is also exemplified and fully 
discussed in this paper. Bernhard [ 23],  has  introduced the 
shape optimization of simple expansion mufflers by using 
design sensitivity matrices A constrained double-chamber 
muffler with extended tubes was introduced to utilize the 
optimal design of the muffler. A GA optimizer and 
evolutionary search algorithms have been applied in this 
literature in order to solve the optimal design of mufflers.  
Munjal et al. [24], Sathyanarayana [25], has presented the 
transfer matrix method which is based on the plane wave 
theory and used in the evaluation of STL, is in conjunction 
with the GA method for the optimization work. A.E. 
Baumal, and J.J et al. [26], has proposed the use of 
numerical optimization methods to partially automate the 
design process is demonstrated. GA optimization, a global 
search technique, is used to determine both the active control 
and passive mechanical parameters of a vehicle suspension 
system. The objective is to minimize the extreme 
acceleration of the passenger’s seat, subject to constraints 
representing the required road-holding ability and suspension 
working space. Fig. 6 illustrates this semi-automated design 
process that requires the system and optimization statement 
models as inputs. R.S. Sharp et al. [27], and A.G. Thompson 
[28], has described the Optimal control theory which has 
predominantly been used in the past to determine feedback 
gains for active suspension systems. Bestle [29], and 
Schiehlen [30], has demonstrated the active control and 
passive mechanical parameters concurrently as design 
variables. Haug and Arora [31], has presented the specific 
problem considered is the passive half-car model and road 
profile of with the addition of active components for 
comparison. E.J. Haug et al. [32], and L.F.P. Etman et al. 

[33], used this same system for passive design to test various 
optimization techniques with differing specified suspension 
parameters, performance criteria and road surfaces. 
 

 
               Fig. 6 The semi-automated design process         
 

 
Five aspects of the semi-automated design process are 
emphasized by first defining the suspension model, then 
stating the optimization problem and GA procedure, 
highlighting the issues regarding the analysis, and finally 
presenting design results and their possible   interpretations.  
Indraneel Chakrabort el at. [34], has presented the design of 
rolling element bearings which has been a challenging task 

59



in the field of mechanical engineering. This literature 
presents a more viable method to solve this problem using 
GA. Since the algorithm is basically a guided random search, 
it weakens the chances of getting trapped in local maxima or 
minima. The method used has yielded improved performance 
parameters than those catalogued in standard tables. 
Changsen [35], has discussed the widespread use of rolling 
element bearings and prompted many researchers to look 
into simple and novel approach methods of computing 
optimal values of their associated design parameters. Rao 
[36], has suggested that the conventional methods are 
deterministic in nature and use only a few geometric design 
variables because of their complexity and convergence 
problems. 
 

 2.3 ANN 
 

Moh’d Sami et al. [37], has suggested that optimization 
techniques are powerful in determining inputs to a process 
that will drive its output to a desired target. This inverse 
control problem reduces to minimizing a positive cost 
function that measures the difference between the output and 
its target value. In this literature, we presented a method for 
inverse control that uses a combination of ANN modeling 
and optimization. We apply this method to the 
desulphurization of hot metal process.  B. Widrow et al. [38], 
has presented a method to identify the inverse of linear 
systems. For nonlinear systems, the use of neural net 
modeling is helpful, especially for the cases where a 
mathematical model based on the physical phenomena is 
difficult to obtain and process input/output data is available. 
Karniel et al. [39], has suggested that the  inverse model can 
be learned by an ANN. L.A. Dobrzański et al. [40], has 
discussed the results of the research connected with the 
development of new approach based on the NN to predict 
chemical composition and cooling rate for the mechanical 
properties of the Mg-Al-Zn cast alloys. The independent 
variables on the model are chemical composition of Mg-Al-
Zn cast alloys and cooling rate. The dependent parameters 
are hardness, ultimate compressive strength and grain size 
design/methodology/approach. Compression specimens were 
tested corresponding to each of three cooling rates. T. 
Malinova et al. [41], J. Sungmoon et al. [42], S.H. Hsiang et 

al. [43], S.H. Hsiang et al. [44], H.D. Liu et al. [45], have 
suggested that, efforts have been made to use this technique 
for predicting the hot extrusion processes of AZ31 and AZ61 
magnesium alloys and for investigating the influence of Y 
and Zn additions on the mechanical properties of Mg-Zn-Zr-
Y alloys. A.T. Tang et al. [46], has developed an improved 
NN model to predict mechanical properties and grain size in 
the design and development of new types of magnesium 
alloys. Bahaa Ibraheem Kazem et al. [47], has presented the 
design and implementation of an effective neural network 
model for turning process identification as well as a NN 
controller to track a desired vibration level of the turning 
machine is as an example of using the NN for manufacturing 
process control. Multilayer Perceptron (MLP) NN 
architecture with Levenberg Marquardt (LM) algorithm has 
been utilized to train the turning process identifier. The 

present goal of manufacturing researches focuses on 
developing flexible, self –adjusting and unattended IMS. P. 
Tai et al. [48], has presented a comparison with traditional 
adaptive controller, their results indicate that NN approaches 
well in noise elimination, work for linear and non-linear 
systems and can be implemented  very efficiently for large-
scale system. Fig.7 presents block diagram of a Sampled-
Data CNC. 
 

 
       Fig.7 Block diagram of sample data CNC system 
 

 
Achi [49], has described the utilization of microcomputer to 
control stepping motor actuated hydraulic servos deriving a 
two axis milling machine, also a program for interpolation 
purpose developed and saved in an assembly language form 
in the memory. Altintas and Peng [50], have suggested and 
implemented a program for electronically controlling the 
speed and position associated to feed operation in a research 
milling machine. Fig.8 represents the architecture of the 
suggested control system. 
 

 
 

Fig .8 Architecture of speed and position control system 
for milling process 

 

 
George et al. [51], has evolved a synchronizing control 
algorithm. This algorithm was developed to minimize the 
tracking error and the contouring error with stronger 
emphasis on contouring error. Khanchustambham, and 
Zhang [52], have developed an intelligent on-line monitoring 
system through ANN approach. Larsen [53], has showed that 
due to significant effects of friction and backlash with 
turning at low feed rate in nanometric positioning accuracy 
of machine tool axis especially with significant turning 
operation such as diamond turning of glass, ceramic, 
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germanium and zinc sulfide for optical usage. Jing et al. 
[54], proposed a novel X-Y positioning table synchronously 
driven by one-side dual linear motors. Bahaa Ibraheem 
Kazem et al. [55], has presented the application of ANN for 
mechanical properties prediction design/ methodology/ 
approach impact resistance or hardness are predicted. Results 
obtained in the given ranges of input parameters show very 
good ability of constructed NN to predict described 
mechanical properties for steels after heat treatment. Created 
tool makes possible, the easy modelling of described 
properties and allows the better selection of both chemical 
composition and the processing parameters of investigated 
materials. The prediction possibility of the material 
mechanical properties is valuable for manufacturers and 
methodology. Suitable tool, which allows the easy modelling 
of such properties, will make possible the better selection of 
both chemical composition and the parameters of the 
material processing. L.A. Dobrzanski [56], R. Honysz et 

al.[57], A. Jagiello et al. [58], J. Trzaska et al.[59], W. 
Jasinski [60], have suggested that, at the same time it makes 
possible the obtainment of steels, which are qualitatively 
better, cheaper and more optimized under customers’ needs. 
W. Jasinski [61], T. Masters [62], W.S. McCulloch [63], D. 
Rutkowska et al. [64],  have described that, in most cases the 
failure of NN creation is caused by the lack of the 
assignment function (output parameters are independent 
from input parameters) or the function is strongly deformed 
by the noise, presented in descriptive vectors. Hamid Asgari 
et al. [65],  has discussed that, the rotating equipment is the 
beating heart of nearly all industrial plants and specifically 
plays a vital role in oil and power industries. Inspite of all 
researches which have been carried out so far to discover 
accurate dynamics of this kind of equipment, there are still 
many unknown and unexpected problems on operational 
sites which need to be solved in order to approach the 
optimal operational point of rotary machines. Fortunately, 
ANNs can provide appropriate solutions to many of these 
problems. In this literature, a general overview of different 
applications of ANNs to Industrial rotating equipment is 
presented. These applications cover a variety of areas 
including condition monitoring, sensor validation, fault 
diagnosis, system identification and control. According to 
definition, rotating equipment is a general class of 
mechanical equipment which moves liquids, solids or gases.  
Forsthoffer et al. [66], has demonstrated that, rotating 
machines may be divided into four main groups including 
drivers (turbines, motors, engines), driven equipments 
(compressors, pumps, mixers, fans, extruders), transmission 
devices (gears, clutches, couplings) and auxiliary 
components (lube and seal systems, cooling systems, buffer 
gas systems).  Hamid Asgari [67], has addressed that, diesel 
engine is becoming increasing popular due to its high 
efficiency and durability. Considering the most important 
greenhouse gas, carbondioxide (CO2), the diesel engine is 
superior to gasoline engine. Unfortunately, the diesel engine 
emits high level of oxides of nitrogen (NOx). ANN based 
engine modelling offers the potential for a multidimensional, 

adaptive learning control system which does not require 
knowledge of the governing equations, for engine 
performance or the combustion kinetics of emissions 
formation that a conventional map-based engine model 
requires. This paper evaluates the capabilities of ANN as a 
predictive tool for multi-cylinder diesel engine NOx 
emissions. The experiments were carried out with a 
stationary light-duty Nissan diesel engine test-rig designed 
and assembled to allow testing of the engine in a laboratory 
environment. Y. K. Yousif  et al. [68], has presented the 
study to evaluate the capabilities of ANN as a predictive tool 
for multi cylinder diesel engine NOx emissions without 
resorting to an engine model. An ANN model was developed 
for the analysis and simulation of the correlation between the 
friction stir welding (FSW) parameters of aluminum (Al) 
plates and mechanical properties. The input parameters of 
the model consist of weld speed (WS) and tool rotation speed 
(RS). The outputs of the ANN model include property 
parameters namely: tensile strength, yield strength and 
elongation. Good performance of the ANN model was 
achieved. The model can be used to calculate mechanical 
properties of welded Al plates as the functions of weld speed 
and Rs. Tomotake Hirata et al . [69], has suggested that, 
FSW was developed initially for aluminum alloys, by the 
welding institute (TWI) of United Kingdom. FSW is a 
relatively new method invented by TWI in 1991. FSW is 
actually a solid-state joining process that is a combination of 
extruding and forging and is not a true welding process.  
Nicholas [70], has suggested some of the process advantages 
are given as follows: 
 

• FSW is energy efficient, 
• FSW requires minimal consumables (if any), 
• FSW produces desirable microstructures in the weld 

and heat-affected zones, 
• FSW is environmentally "friendly" (no fumes, 

noise, or sparks), 
• FSW can successfully join materials that are 

"unweldable" by fusion welding methods, 
• FSW produces less distortion than fusion welding 

techniques   
 
 

.  
Fig. 9 Schematic diagram of FSW process 

 

 
A. Bezazi  et al  [71], has suggested that, an ANN model was 
developed to estimate fatigue lifetime of a sandwich 
composite material structure subjected to cyclic three-point 
bending loads. P. Dutta and D. K. Pratihar [72], have 
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described that, conventional regression analysis was carried 
out on some experimental data of a tungsten inert gas (TIG) 
welding process, to find its input output relationships. A 
schematic representation of the welding instrument is given 
in Fig. 9. Welding was carried out by rotating the tool at 710, 
900 and 1400 rpm and by moving the plates at 70, 40 and 
140 mm/min. H. K. Srinivas, K. et al. [73], have discussed 
that, the vibration analysis of rotating machinery can give an 
indication of the condition of potential faults such as 
unbalance, bent shaft, shaft crack, bearing clearance, rotor 
rub, misalignment, looseness, oil whirl and whip and other 
malfunctions. The diagnostics of rotor faults has gained 
importance in recent years. This literature describes the 
application of ANN and Wavelet Transform (WT) for the 
prediction of the effect of combined faults of unbalance and 
shaft bow on the frequency components of vibration 
signature of the rotating machinery. The characteristic 
features of frequency domain vibration signals have been 
used as inputs to the ANN consisting of one input, one 
hidden and one-output layers. Dutt et al. [74], has suggested 
that, vibration measurement and analysis has been applied 
with success to machine like steam and gas turbines, pumps 
compressors, induction motors etc. Genta et al. [75], has 
suggested that, vibration monitoring has been widely 
reported as being a useful technique for the analysis of 
rotating machine. It can help by detecting faults early, 
allowing parts to be replaced before any significant damage 
occurs.  S. Edwards et al. [76], Gasch [77], Meng et al. [78], 
have suggested that, the monitoring of vibration of rotating 
machines has been reported as being a useful technique for 
their analysis. 
  

2.4 GOT 
 

PD Kamble et al. [79], has demonstrated an attempt which is 
made to review the literature on, optimizing the machining 
parameters in turning processes. Various conventional 
techniques employed for machining optimization include 
geometric programming, geometric plus linear programming, 
Non-Linear Programming, goal programming, sequential 
unconstrained minimization technique and dynamic 
programming etc. The latest GOT include FL, scatter search 
technique, ACS, GA, Taguchi technique and response 
surface methodology are being applied successfully in 
industrial applications for optimal selection of process 
variables in the area of machining. Taguchi methods is latest 
design techniques widely used in industries for making the 
product/process insensitive to any uncontrollable factors 
such as environmental variables. Farhad Kolahan et al. [80], 
has presented the study of the effect of cutting speed, feed, 
depth of cut and machining time, on metal removal rate, 
specific energy, surface roughness, volume fraction and 
flank wear. Four issues namely, tool travel scheduling; tool 
switch scheduling, tool selection, and machining speed 
specification have been simultaneously addressed in this 
study. The total processing cost consists of tooling cost, 
machining cost, non-productive tool travelling cost, and tool 
switching cost. Merchant [81], has presented the survey 
which shows that tool and part movements take on average 

70% of the total time in a manufacturing process. In addition, 
to drill a given hole to its final size, different sets of tools 
with different cutting speeds may be used which directly 
influences tooling and machining costs. Walas and Askin 
[82], and Chauney et al. [83], have proposed heuristic 
algorithms based on the travelling salesman problem to 
minimize total tool travel distance in punching operations 
using an artificial intelligence approach, 
 
Ssemakula and Rangachar [84], proposed a method to 
generate an operation sequence applicable to a variety of 
manufacturing processes. Roychoudhury and Muth [85], 
examined several heuristic techniques for NC punch press 
operation sequencing. Luong and Spedding [86], are among 
the few who addressed process planning in hole making 
operations. Usher et al. [87], has presented an object-
oriented approach to generate and rank alternative tool sets 
for the part process plan. In reality, the planning decisions in 
hole making operations involve several issues. They are- (a) 
tool travel routing (b) tool switch cutting speed for each tool-
hole combination (operation). Farhad Kolahan et al. [88], has 
presented the Multi objective optimization of machining 
processes which is used to achieve several goals 
simultaneously such as increased product quality, reduced 
production time and improved production efficiency. This 
literature presented an approach that combines grey 
relational analysis and regression modeling to convert the 
values of multi responses obtained from Taguchi method 
design of experiments into a multi objective model. The 
proposed approach is implemented on turning process of St 
50.2 Steel. Q. R. Sardinãs, et al. [89], has suggested that, the 
use of meta heuristic algorithms in such incidents can 
improve speed and accuracy of the computations. Q. R. 
Sardinãs, et al. [89], S. S. Moshat et al. [90], and C. Ahilan 
et al.[91], have demonstrated that, in many industrial 
applications related to the turning process, control and 
optimization of surface quality (SR) and material removal 
rate (MRR) are the most important performance measures 
and are considered as the main responses.  Simulated 
annealing (SA) algorithm is one of efficient innovative 
optimization algorithms in solving optimization problems. 
“Kirkpatrik”, Gelatt and Vecchi [92], have introduced this 
algorithm in 1982. Yallamti Murali Mohan et al. [93], has 
discussed the optimization of spur gear set for its center 
distance, weight and tooth deflections are taken as an 
objective functions and the decision variable such as module, 
face width and number of teeth on pinion, and subjected to 
constraints namely, bending stress, contact stress. Since it is 
multi-objective function with constraints is very difficult to 
optimize using conventional optimization techniques, used 
non-traditional optimization technique called GA. Non-
traditional algorithms are very difficult to solve manually. 
Solutions for the non-traditional methods can be obtained by 
computerizing algorithms using “C” language. The results 
are calculated by using “C” language for three materials 
namely Cast Iron, C-45 and Alloy steel (15Ni2 Cr1). Rajiv 
Khanduja et al. [94], has demonstrated the mathematical 
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modelling and performance optimization for the paper 
making system in a paper plant using GA. The literature 
making system of a paper plant has four main subsystems, 
arranged in series and parallel. The findings of the present 
literature will be highly useful to the plant management for 
the timely execution of proper maintenance decisions and 
hence to enhance the system performance. Dhillon et al. 
[95], has frequently used the Markovian approach for the 
availability analysis, using exponential distribution for 
failure and repair times.  Kumar et al. [96]- [98], has dealted 
with reliability, availability and operational behavior analysis 
for different systems in the paper plant. Srinath [99], has 
explained a Markov model to determine the availability 
expression for a simple system consisting of only one 
component. Gupta et al. [100], has evaluated the reliability 
parameters of butter manufacturing system in a dairy plant 
considering exponentially distributed failure rates of various 
component. Sunand et al. [101], has dealted with 
maintenance management for ammonia synthesis system in 
fertilizer plant. Shooman [102], suggested different methods 
for the reliability computations of systems with dependent 
failures. Tewari et al. [103, 104], has dealted with the 
determination of availability for the systems with elements 
exhibiting independent failures and repairs or the operation 
with standby elements for sugar industry. Rajiv et al. [105, 
106], has developed decision support system for stock 
preparation system of paper plant.  Chales and Kondo [107], 
have tackled a multi objective combinatorial optimization 
problem. They used GA to optimize the availability and cost 
of a series and parallel repairable system.  M. Jureczko et al, 
[108], has addressed the manufacturing cost of WT blade is 
about 15–20% of wind turbine production cost. The expenses 
of innovations in design of blades represent the small amount 
of overall cost of wind turbine production. Profits coming 
from better structural model, use of suitable composite 
materials and better techniques of manufacturing, both the 
blades and composite materials, causes necessity of 
application of numerical modeling and optimization 
techniques. When designing a wind turbine, the goal is to 
attain the highest possible power output under specified 
atmospheric conditions. The problem of determining the 
optimal shape of blade and determining the optimal 
composite material is a complex one, as the mathematical 
description of aerodynamic load is complex and a number of 
constraints and objectives have to be satisfied. These 
considerations have prompted the authors to take up the 
problem of the multi-criteria optimum design of wind turbine 
blades. The aim of this study was to develop a computer 
program package that would enable optimization of wind 
turbine blades regarding a number of criteria.  LM Glasfiber 
Holland BV [109], has described that, the location of the 
main spar together with the location of the stiffening ribs will 
have the biggest influence on the bending modes of the 
blade. The model of blade (Fig.10) made of shell element 
was used in multi-criteria optimization procedure.  

 

 
 
Fig. 10 The structural model of the blade with spars, before 
twist 
 
 

 
 

Fig.11 The calculated position of shear center and centroid 
 
Det NorskeVeritas et al. [110], has described that, the blade 
is to be twisted around the elastic axis. The position of elastic 
center can be changed by modifying the position of spars and 
its shape. The output data, for example, cross-section of the 
blade is presented in Fig. 11).The blade was divided to 26 
cross-sections, for each of them were received the similar 
data. Leaving the spars straight, the blade would have the 
form shown in Fig. 12). Twist of the blade decides about 
value of aerodynamic loads, but also the direction in which 
the blade will vibrate. The blade with twisted spars is 
presented in Fig.13.  
 
 

 
Fig.12 The twisted blade with straight spar. 

 

 
 

Fig. 13 The twisted blade with twisted spars 
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Devendra P. Garga et al. [111], has suggested the 
formulation and application of a strategy for the 
determination of an optimal trajectory for a multiple robotic 
configuration. GA and SA have been used as the 
optimization techniques and results obtained from them are 
compared. First, the motivation for multiple robot control 
and the current state-of-art in the field of cooperating robots 
are briefly given. This is followed by a discussion of energy 
minimization techniques in the context of robotics, and 
finally, the principles of using GA and SA as an optimization 
tool are included. The initial and final positions of the end 
effect tor are specified. Two cases, one of a single 
manipulator, and the other of two cooperating manipulators 
carrying a common payload illustrate the proposed approach. 
The GA and SA techniques identify the optimal trajectory 
based on minimum joint torque requirements 
 

2.5 ACS  
 

 
Vechet et al. [112], has suggested a way through an 
unexplored environment belongs to actual problems in many 
artificial agent systems. Common algorithms such as state-
space searching or rapidly exploring random trees in this 
paper present a simulation experiments with multi agent 
system which is represented as artificial ant colony. 

Dr.S.M.Giri  Rajkumar et al. [113], has discussed that 
automatic control has played a vital role in the advancement 
of engineering and science. It is also essential in such 
industrial operations as controlling pressure, temperature, 
humidity, viscosity and flow in the process industries. 
Proportional Integral Differential (PID) controllers marked 
its place in many of the industrial processes. Ant behavior 
was the inspiration for the Meta heuristic optimization 
technique. This literature presents an application of an ACS 
algorithm to optimize the parameters in the design of a PID 
controller for a highly nonlinear conical tank system.  Duan 
Hai-bin et al. [114], has suggested that widely used PID 
industrial controller uses a combination of proportional, 
integral and derivative action on the control error to regulate 
its output. Owing to its simple structure, easy tuning and 
effectiveness, this technology has been a mainstay for long 
among practicing engineers. M Araki [115], has described 
that, the basic function of the controller is to execute an 
algorithm based on the control engineers input and hence to 
maintain the output at or around the set point. Kim Dong 
Hwa et al. [116], has provided robust and reliable 
performance for most systems and the PID parameters i.e. 
the proportional, integral and differential constants are tuned 
to ensure a satisfactory closed loop performance. Ziegler et 

al. [117], has described that, a PID controller improves the 
transient response of a system by reducing the overshoot, and 
by shortening the settling time of a system. Ziegler-Nichols 
Ultimate-cycle tuning [118], Astrom and Hagglund [119], 
Cohen-Coons method [120], and many other traditional 
techniques included standard methods for tuning. Dorigo M, 
et al. [121], Dorigo M et al. [122], has described that, Ants 
can follow to a food source because, while walking, they 

deposit pheromone on the ground, and they have a 
probabilistic preference for paths with larger amount of 
pheromone. Shakti Prasad Roul [123], has addressed the 
metaheuristic method of ACO algorithm on an autonomous 
mobile in a grid model with a static obstacle. The robot is 
placed at the bottom left corner of the grid and the target 
station is at the upper right corner of the grid. The mobile 
robot has to reach the target station avoiding collision with 
the obstacle in an optimum path. Simulation is done using 
MATLAB. O. Hachour [124], has proposed algorithm for 
path planning of autonomous mobile robot in an unknown 
environment. Daniel Angus [125], has modified existing that, 
an autonomous robot reaches the target station avoiding 
collision with static obstacles. Ant System metaheuristic by 
including three parameters: cost, visibility and pheromone.  
M.Dorigo and  C. Blum [126], in ACO theory described A 
Survey that discussed the theoretical results of ACO 
algorithms. Vinay Rishiwal et al. [127], has proposed 
application of ACO to find optimal paths in terrain maps. 
Yee Zi Cong et al. [128], has been solved the mobile robot 
path planning problem using ACO algorithm. Song-Hiang 
Chia [129], has used ACO algorithm to solve the mobile 
robot path planning problem in such a way that the artificial 
ant reaches the target point from source point avoiding 
obstacles. Buniyamin N et al. [130], has presented an 
overview of mobile robot path planning algorithms for 
autonomous robots. Nohaidda binti sariff et al. [131], has 
proposed an accurate representation of heuristic and 
visibility algorithm for solving mobile robot path planning of 
finding the optimal path. Jie Donget et al. [132], has 
proposed an improved algorithm for autonomous robot 
obstacle avoidance. 
 
 

2.6 PSO 
 

Davoud Sedighizadeh et al. [133], has presented PSO 
algorithm, as one of the latest algorithms inspired from the 
nature, was introduced in the mid 1990s and since then, it 
has been utilized as an optimization tool in various 
applications, ranging from biological and medical 
applications to computer graphics and music composition. In 
this paper, following a brief introduction to the PSO 
algorithm, the chronology of its evolution is presented and 
all major PSO-based methods are comprehensively surveyed. 
In general, Natural computing paradigms can be divided into 
three categories: 1) Epigenesis 2) Phylogeny 3) Ontogeny. 
El-Abd [134], has suggested that the algorithms like PSO 
and GA are of this type and in fact, they have a cooperative 
nature in comparison with other types. The most important 
similarity between these paradigm sand the GA is in having 
the seam interactive population. Banks et al. [135], has 
described that this algorithm, compared to GA, has a faster 
speed in finding the solutions close to the optimum and it is 
faster than GA in premature convergence. 
Kennedy and Eberhart [136], has considered the behavior of 
swarms in the nature, such as birds, fish, etc. developed the 
PSO algorithm. Chaoli Sun et al. [137], has demonstrated the 
modified particle swarm optimization (MPSO) is introduced 
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for the optimization of mixed-variable problems. The 
constraint-handling mechanism is based on the feasibility 
rules, with no additional penalty parameters and no 
requirement to be in the feasible region at all times. The 
average velocity of the swarm is proposed as a disturbance to 
expand the search range for each particle, designed to 
overcome the premature convergence. The performance of 
MPSO is evaluated against real-world mixed-variable 
optimization problems, and experimental results show that 
the proposed algorithm is simple, generic, easy-to-implement 
and be highly competitive compared with existing 
algorithms. Two main classes of algorithms to optimize 
MVOP are deterministic algorithms and stochastic 
evolutionary ones.  B. Borchers et al. [138], S. Leyffer [139], 
E. Sandgren [140], have suggested  Deterministic algorithms, 
J. F. Fu et al. [141], D. K. Shin et al. [142],  have  discussed 
penalty function approach, A. M. Geoffrion [143], V. Jeeta et 

al. [144], grangian relaxation methods take advantage of the 
structure of problem so as to speed up the search procedure 
for the discrete/integer variables. H. C. Huang et al. [145], S. 
Wang et al. [146], A. Gupta et al. [147], R. M. Chen et al. 
[148], T.-C.Lin et al. [149], have compared it with 
deterministic ones, stochastic evolutionary algorithms, which 
are increasingly used to solve different kinds of optimization 
problems, require fewer parameters and without requiring the 
objective function to be derivable or even continuous.  Q. He 
et al. [150], has suggested that they can perform as global 
knowledge of the problem because of the good balance 
between exploration and exploitation on the whole search 
space. Kennedy and Eberhart [151]-[152], has described that 
PSO algorithm is a global stochastic algorithm proposed 
recently. C. Chiu et al. [153], A. Kumamoto et al. [154], Q. 
Zhang et al. [155], T. Su et al. [156], C. Lin et al. [157], K. 
Premalatha et al. [158], F. Rong et al. [159], have gained 
much attention and have sucessfully applied in a variety of  
fields.  J. Kennedy et al. [160], has suggested mainly for 
unconstrained continuous optimization problems due to its 
simple concept, easy implementation and quick convergence.  
MohamedAzab et al. [161], has suggested a solution for 
nonlinear transcendental equations of selective harmonic 
elimination (SHE) technique used in single-phase PWM 
Inverters. The problem of SHE is cast into a non-linear 
constrained optimization to be solved. The solution is based 
on Augmented Lagrangian PSO (ALPSO). The obtained 
results prove that the method is efficiently applicable to 
selective harmonic elimination problem. Patel et al. 
[162,163], has presented that selective harmonic elimination 
(SHE) is a well known technique to control the operation of 
voltage source inverters.  Sayyah et al.[164], Agelidis et al. 
[165], Chiasson et al. [166], Jabr [167], has demonstrated 
that the method still receive considerable attention owing to 
the enormous advancement in digital signal processing tools 
that are utilized to realize the SHE algorithm. Mohamed 
Azab [168], has described that the main challenge associated 
with SHE technique is to obtain the analytical solutions of 
nonlinear transcendental equations that contain trigonometric 
terms which naturally exhibit multiple solutions. Mohammed 

Azab [169], J. Hereford et al. [170], Y. B Wang et al. [171], 
have presented the successful applications of PSO in 
engineering problems found in literature. 
 

 

2.7 SA 
 

Omar Bataineh et al. [172], has proposed an approach for 
enhancing the performance of public departments that are 
characterized by congestion and low efficiency. The 
proposed approach utilizes discrete-event simulation (DES) 
tools integrated with optimization, and employs the key 
performance indicator (KPI) concept. Y. Hani et al. [173], 
has suggested to compensate for the limitations of 
mathematical models in capturing the characteristics of real-
world systems, simulation-based optimization methods were 
developed by applying a search algorithm on an optimization 
problem that is represented using a DES model . T. Yang et 

al. [174], R. Al-Aomar [175], R. Marasini et al. [176], have 
presented  the application of simulation studies in systems 
design and improvement has become common practice in the 
development of manufacturing systems, business operations, 
and the services sector. S.G. Lee et al. [177], include GA, J. 
Bachut et al. [178],and V.P. Eswaramurthy [179], include TS 
,M. Ercsey-Ravasz et al. [180], have included NN as 
common IS methods in parameter design applications 
(combinatorial optimization) . Ritesh Kumar Dewangan et 

al. [181], has suggested that a leaf spring is simple form of 
spring, generally used for the suspension in automotives. 
Earlier it was like a slender arc-shaped having length of a 
spring steel of rectangular cross-section. In this paper 
analysis is done for leaf spring, whose thickness varies from 
the center to the outer side following a parabolic pattern. The 
development of a parabolic tapered leaf spring enabled the 
springs to become lighter, but also provided a much 
improved ride to the vehicle through a reduction on interleaf 
friction. In this paper, we describe its basic structure, stress 
characteristics, engineering finite element modeling for 
analyzing & high stress zones. The equivalent von-misses 
stresses are plotted. Darun Prasad.L [182], has presented 
that, a development of a leaf spring is a long process which 
requires number of tests to validate the design and 
manufacturing variables. We have used CAE to shorten this 
development thereby reducing the tests. CAE tools are 
widely used in the automotive industries. Control charts are 
widely used in industry for monitoring and controlling 
manufacturing processes. The X-bar control chart dominates 
the use of any other control chart technique if quality is 
measured on a continuous scale. In the present project, the 
economic design of the X-bar control chart using Simulated 
Annealing has been developed to determine the values of the 
sample size, sampling interval, width of control limits such 
that, the expected total cost per hour is minimized. Simulated 
annealing is a solution method in the field of combinatorial 
optimization based on an analogy with the physical process 
of annealing. A program has been developed using Matlab 
software to optimize the cost. The result was compared with 
the literature and found to be superior to the initial cost 
obtained. 
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2.8 TS 
 

Fred Glover [183], has discussed the importance of nonlinear 
and parametric optimization, many standard solution 
methods allow a large gap between local optimality and 
global optimality, inviting consideration of metaheuristics 
capable of reducing such gaps. We identify ways to apply the 
TS metaheuristic to nonlinear optimization problems from 
both continuous and discrete settings. We show how TS can 
be coupled with directional search and scatter search 
approaches to solve such problems. The outcome suggests 
ways to exploit potential links between scatter search and 
GA, and also provides a basis for integrating genetic 
algorithms with TS. Yong Wang et al. [184], has discussed 
that feature selection is a dimensionality reduction problem 
in order to reduce measurement costs, shorten computational 
time, relieve the curse of dimensionality, and improve 
classification accuracy. In this literature, a hybrid approach 
using TS and probabilistic neural networks is proposed and 
applied to feature selection problems. The proposed TS 
algorithm differs from previous research by using a long-
term memory instead of a short-term memory to avoid the 
necessity of the delicate tuning of the memory length and to 
decrease the risk of generating a cycle that traps the search in 
local optimal solutions. F. Kolahan et al. [185], has 
presented a TS approach to minimize the cost in hole making 
processes. Four issues namely, tool travel scheduling, tool 
switch scheduling, tool selection, and machining speed 
specification have been simultaneously addressed in this 
study. This problem has a structure similar to the travelling 
Salesman Problem (TSP) and hence is NP-complete. To 
provide an efficient solution procedure, a TS approach has 
been proposed. B. Roychoudhury et al. [186], has presented 
that, in punching operations the main concern is to minimize 
those costs related to the non-cutting tool travel and the 
problems of tool selection and tool assignment do not exist. 
Hasan Fayazi Boroujeni et al. [187], has discussed that, the 
Unified Power Flow Controller (UPFC) is one of the most 
viable and important Flexible AC Transmission Systems 
(FACTS) devises. Application of UPFC in single machine 
and multi machine electric power systems has been 
investigated with different purposes such as power transfer 
capability, damping of Low Frequency Oscillations (LFO), 
voltage support and so forth. But, an important issue in 
UPFC applications is to find optimal parameters of UPFC 
controllers. This paper presents the application of UPFC to 
enhance dynamic stability of a multi-machine electric power 
system. A supplementary stabilizer based on UPFC (like 
power system stabilizer) is designed to reach the defined 
purpose. An intelligence optimization method based on TS is 
considered for tuning the parameters of UPFC 
supplementary stabilizer. Sadan Kulturel-Konak et al. [188], 
has demonstrated, the TS meta-heuristic to provide solutions 
to the system reliability optimization problem of redundancy 
allocation. TS is particularly well suited to this problem and 
it offers distinct advantages compared to alternative 
optimization methods. It is becoming increasingly important 
to develop efficient solutions to this reliability optimization 

problem because many telecommunications (and other) 
systems are becoming more complex, yet with short 
development schedules and very stringent reliability 
requirements. TS can be applied to a more diverse problem 
domain compared to mathematical programming methods, 
yet offers the potential of greater efficiency compared to 
population-based search methodologies, such as GA. 
 

2.9 AI 
 

Marek Balazinskia et al. [189], has described an application 
of three AI methods to estimate tool wear in lathe turning. 
The first two are ‘‘conventional’’ AI techniques- the feed 
forward back propagation NN and the FL decision support 
system. The third is a new ANN based-FL inference system 
with moving consequents in if–then rules. Tool wear 
estimation is based on the measurement of cutting force 
components. The aim of this literature is to compare the use 
of three AI methods: feed forward back propagation (FF-BP) 
neural network (FFBPNN), a fuzzy decision support system 
(FDSS) and an artificial neural network-based fuzzy 
inference system (ANNBFIS). The focus is not only on the 
accuracy of the tool-wear prediction but also on practical 
usability of the presented methods. Engr. Farah Naaz Raza 
[190], has addressed that, software development process is a 
very complex process that, at present, is primarily a human 
activity. Programming, in software development, requires the 
use of different types of knowledge, about the problem 
domain and the programming domain. This literature intends 
to study the techniques developed in AI from the standpoint 
of their application in software engineering. This literature 
also highlights absence of risk management strategies or risk 
management phase in AI based systems rocesses. This 
literature also highlights absence of risk management 
strategies or risk management phase in AI based systems. 
Errors due to coding may occur because of faulty design. 
Roger S. Pressman [191], has presented that, such errors are 
usually expensive to correct. Shari Lawrence Pfleeger [192], 
has demonstrated that, AI based systems are free from risk 
management strategies because of automated programming 
techniques making data structures flexible. Yilmaz Yoru et 

al. [193], has discussed the ANN method which is applied to 
exergetic analyses of gas turbines (GT) by using actual 
operating data of 3 GTs. These 3 GTs are operating to supply 
heat and power in a cogeneration system of a ceramic 
factory, located in Izmir, Turkey. Fast ANN (FANN) 
package (library) has been chosen as an ANN application to 
implement into the C++ code named Coge NNExT, which 
has been written and developed by the authors. All of the 
results of exergetic analysis of GTs are compared and shown 
by graphics. As a result of analysis, ANN is successfully 
applied to obtain exergetic results of GTs. These are shown 
by graphics including input, output, fuel, product exergies 
and exergy destruction results of GTs. RMSE (Root Mean 
Square Error) values are found under 0.01 which means that 
data set including inputs and outputs of many GTs would be 
perfect to obtain much closer exergetic results by an ANN. 
Balli O et al. [194], has suggested that, Combined heat and 
power (CHP) systems also called cogeneration systems 
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involve the production of both thermal energy, generally in 
the form of steam or hot water, and electricity. Nissen [195], 
has presented that, Artificial Neural Network (FANN) is a 
free library and written in ANSI C. Yoru [196], has 
discussed that in addition to the motivation behind the 
present study is also the previous success of ANN for the 
energetic and exergetic analysis on a cogeneration system. 
  

3- Hybrid Techniques 
 
 

3.1-FL+GA 
 

Seok-Jo Go, et al. [197], has proposed a self tuning FL 
inference method by the GA in the FL-sliding mode control 
for a robot. Using this method, the number of inference rules 
and the shape of membership functions are optimized 
without an expert in robotics. The FL outputs of the 
consequent part are updated by the gradient descent method. 
The trajectory tracking simulation and experiment of the 
polishing robot shows that the optimal FL inference rules are 
automatically selected by the GA and the proposed FL-
sliding mode controller provides reliable tracking 
performance during the polishing process. K. K. D. Young 
[198],  J. J. E. Slotine  [199], H. Hashimoto et al. [200], M. 
C. Lee  et al. [201], and  K. Son et al. [202], have used the 
sliding mode control which is robust against parameter 
variations and payload changes, to solve tracking errors 
related to the unmodeled dynamics in the operation of 
industrial robots,   M. C. Lee  et al. [203], has suggested that, 
in our previous study, the FL-sliding mode controller was 
designed to reduce the inherent chattering of the sliding 
mode control by using the FL rules. D. Goldberg [204],  has 
presented one of the best advantages of the GA, which is, to 
obtain global optimum because of operators such as 
crossover and mutation . S. J. Go  et al. [205] and M. C. Lee 
et al. [206], have suggested that, to automate the polishing 
process, this study developed the polishing robot . Shibendu 
Shekhar Roy [207] has made the design of  an expert system 
using two soft computing tools, namely FL and GA, so that 
the surface finish in ultra-precision diamond turning of metal 
matrix composite can be modelled for set of given cutting 
parameters, namely spindle speed, feed rate and depth of cut. 
Once trained, the GA-trained FL expert system (GAFES) 
will be able to predict surface finish in ultra-precision 
diamond turning of Al6061/SiCp metal matrix composite 
before conducting actual experiment. The predicted surface 
finish values obtained from GAFES were compared with the 
experimental data. The comparison indicates that, the 
proposed system can produce efficient knowledge base of FL 
expert system for predicting the surface finish in diamond 
turning. N. Ikawa et al. [208], has suggested that, ultra-
precision diamond turning is widely used in the 
manufacturing of high precision components with a surface 
finish of a few nanometers and with a tolerance which is in 
sub micrometer range. Y. Furukawa et al. [209], non-ferrous 
ductile materials, T. Moriwaki et al. [210], such as copper ,T. 
Sugano et al. [211], aluminium etc have suggested over the 
past decades, in which most of the research work and the 

applications of ultra-precision diamond turning reported in 
the literature. Z.J. Yuan et al. [212], has suggested that, 
Metal matrix composite (MMC) materials are considered to 
have great potential industrial applications due to the fact 
that these materials possess high specific modulus, high 
specific strength, high wear resistance and high temperature 
resistance. Some researchers have examined the surface 
characteristics of machined Al-SiC MMCs. Looney et al. 
[213], has reported the influence of tool materials on surface 
finish. Fig 14 presents the GA-trained FL expert system. 

 
Fig.14 schematic daigram showing GA-trained FLexpert 

system 
Muhammad Ridwan et al. [214], has presented the 
application of Parallel Genetic Algorithm (PGA)-based 
Takagi Sugeno Kang (TSK)-FL approach for dynamic car-
following modeling in the traffic simulation software. It 
differs from the usual car-following model significantly as 
the proposed model provides a more dynamic car movement 
and realistic headway by considering the driver progressive 
level factor. These two advantages can make further traffic 
analysis to become more accurate. The proposed model is 
used for the tire-road slippage index determination which 
influences the car’s speed. PGA is included in the TSK-FL 
system to determine the optimum parameters in the Fuzzy 
sets and FL rules so as to improve the accuracy of the tire-
road slippage index estimation. A set of data in a size of 38 x 
4 and 22 x 4 were used for training and testing the 
performance of the model. The study shows that TSK-FL 
system combined with PGA is effective and accurate in 
estimating the tire-road slippage index. D. Kolokotsaa et al. 
[215], has demonstrated an optimized FL controller for the 
control of the environmental parameters at the building zone 
level. GA optimization techniques are applied to shift the 
membership functions of the fuzzy controller properly in 
order to satisfy the occupants’ preferences while minimizing 
energy consumption. The implementation of the system 
integrates a smart card unit, sensors, actuators, interfaces, a 
programmable logic controller (PLC), local operating 
network (LON) modules and devices, and a central PC which 
monitors the performance of the system.  
 

 

3.2 FL+NN 
 

Zhao Xiang and Xiao Deyun [216] has suggested fuzzy-
recurrent neural network (FRNN) by adding some feedback 
connections to a feed forward fuzzy neural network (FNN). 
The FRNN expands the modeling ability of a FNN in order 
to deal with temporal problems. The basic concept of the 
FRNN is first to use process or expert knowledge, including 
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appropriate FL rules and membership functions (MFs), to 
construct an initial structure and to then use parameter-
learning algorithms to fine-tune the MFs and other 
parameters. The efficiency of the FRNN is verified by the 
results. Wang et al. [217], Fang  et al. [218], Lin et al. [219], 
has suggested that, the NN which have been widely used are 
mainly BP, RBF, Hopfield, ART, SOFM, RNN, and FNN . 
Juang et al. [220], Omlin et al. [221], Kosmatopoulos et al. 
[222], Unal et al. [223], have proposed the concept of 
incorporating FL into a recurrent network in several papers 
recently. Sivarao, Castillo et al, [224], has discussed that, 
surface finish is an important objective function in 
manufacturing engineering. It holds the characteristic which 
influences the performance of mechanical parts which is also 
proportional to production cost. Various failures, sometimes 
catastrophic leading to high cost have been attributed to the 
surface finish of the components which left unanswered. 
Therefore, the quality of surface roughness is essential 
feature of drilling operation since most of hole applications 
are assembly works, especially focused on the relative 
movement and tight tolerance work. Hence, high standard 
quality control needs to be introduced. The aim of this 
experimental and analytical research is to identify the 
parameters which enable the prediction of surface roughness 
in drilling. Rot Berg et al. [225], has suggested that the 
measurement and stochastic modeling of torque and thrust 
force in drilling had been the main interest of many 
researchers, as it was the best method of indirect tool wear 
(flank wear) sensing. Expert System leads to greater 
generality and better rapport with reality. Matsumura et al. 
[226], has demonstrated that, it is driven by the need for 
methods of analysis and design, which can come to grips 
with the pervasive imprecision of the real world and exploit 
the tolerance for imprecision to achieve tractability, 
robustness and low cost solution. Kosar Mostafavi 
Shahandashta et al. [227], has introduced a new model as 
modulation both of FL and NN for forecasting supply chain 
demand of Kaleh Production. This literature has forecasted 
demand by using three methods of ANFIS, FSOM and NN. 
We have used MSE, MAD and MAPE for assessment of 
forecasting models. Results indicate that the ANFIS model 
with modulation both of FL and NN has a better performance 
in forecasting demand rather than other models.  Cox et al. 
[228], has presented that NN and FL applications have been 
successfully applied to the chemical engineering processes 
and Ellram et al. [229], has suggested that several controlling 
strategies have been reported in literature for the distillation 
plant modeling and control tasks. Lummus et al. [230], has 
discussed that, the recent years have seen a rapidly growing 
number of neurofuzzy control applications. Shuanfeng Zhaoa 
et al. [231], has presented a novel approach to adjust the 
weightings of FNN using a Real-coded Chaotic Quantum-
inspired genetic Algorithm (RCQGA) is proposed. FNNs are 
traditionally trained by using gradient-based methods, which 
may fall into local minimum during the learning process. To 
overcome the problems encountered by the conventional 
learning methods, RCQGA algorithms are adopted because 

of their capabilities of directed random search for global 
optimization. It is well known, however, that the searching 
speed of the conventional quantum genetic algorithms 
(QGA) is not satisfactory. In this paper, a real-coded chaotic 
quantum-inspired genetic algorithm (RCQGA) is proposed 
based on the chaotic and coherent characters of Q-bits. In 
this algorithm, real chromosomes are inversely mapped to Q-
bits in the solution space. A. Narayanan et al. [232], has 
suggested the traveling salesman problem, K. H. Han et al. 
[233]-[234], has suggested the knapsack problem and S. 
Zhou et al. [235], has suggested the filter design problem 
recently, QGA for some combinatorial optimization 
problems. 
 

3.3 PSO+GA 

Peng-Yeng YinT et al. [236], has suggested a distributed 
system, in which a number of application tasks may need to 
be assigned to different processors such that the system cost 
is minimized and the constraints with limited resource are 
satisfied. This paper presents a hybrid PSO algorithm to find 
out the near optimal task assignment with reasonable time. 
The experimental results manifest that the proposed method 
is more effective and efficient than a genetic algorithm. Also, 
our method converges at a fast rate and is suited to large-
scaled task assignment problems. The task assignment 
problem (TAP) is to find an assignment of tasks which 
minimizes the incurred costs subjected to the resource 
constraint. H.S. Stone [237], has discussed that, there exist 
polynomial time exact algorithms for solving the TAP in 
two-processor distributed systems. V.M. Lo [238], has 
suggested that, however, the general n-processor TAP has 
been found to be NP-complete. R.C. Eberhart  et al. [239], 
has suggested evolving weights and structure for ANN, V. 
Tandon [240], has suggested manufacture end milling, H. 
Yoshida et al. [241], has suggested reactive power and 
voltage control, N. Shigenori et al. [242], has discussed state 
estimation for electric power distribution systems are the 
successful applications of PSO in many domain C. Eberhart, 
et al. [243], has presented efficiency optimization of 
induction motors which  represents an important factor of 
control especially for autonomous electrical minimum-
energy loss in electric drives is important as one of 
improving efficiency. In this paper using of GA and PSO 
methods for flux vector control (FOC) of induction motor are 
studied. Using this methods optimize the motor efficiency. 
Finally, simulation results show that the PSO controller 
algorithm has better optimization performance than the GA 
controller. 

5. SUMMARY OF THE PAPER 
 

 

The following tables give summary of the paper as follows: 
 
 

5.1 AI Techniques point of view with table 
 

 
AI Techniques 

Total No. of Literatures Reviews out 
of 243 Literatures 

% of Literatures Reviews out 
of 243 Literatures 

FL 
 

10 4.11% 

GA 26 10.69% 

NN 42 17.28% 
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GOT 33 13.58% 

ACM 21 8.64% 

PSO 39 16.04% 

SA 11 4.52% 

TS 6 2.46% 

AI 8 3.29% 

FL+GA 19 7.81% 

FL+NN 20 8.23% 

PSO+GA 8 3.29% 

 
 

                Table1. AI Techniques point of view 
 
 

5.2 AI Techniques point of view with chart  

 

 
 
              Fig.15 AI Techniques with chart diagram 
 

 
From above tables 1 and Fig.15, it is concluded that the 
4.11% of total literatures are reviews based on FL, 10.69% 
of total literatures are reviews based on GA, 17.28% of total 
literatures reviews based on NN, 13.58% of total literatures 
reviews based on GOT, 8.64% of total literatures are reviews 
based on ACS, 16.04% of total literatures are reviews based 
on PSO, 4.52% of total literatures are reviews based on  SA, 
2.46% of total literatures are reviews based on TS, 3.29% of 
total literatures are reviews based on AI, 7.81% of total 
literatures are reviews based on FL+GA, 8.23% of total 
literatures reviews based on FL+NN, and 3.29% of total 
literatures are reviews based on PSO+GA. 
 

 Finally, it is concluded that, the maximum research work 
carried out, is from NN and PSO point of view, regarding 
different mechanical engineering fields. 
 

6. CONCLUSIONS 
 

In this paper, an attempt has been made to survey, various 
literatures for the application of AI Techniques in different 
mechanical engineering fields such as, thermal, internal 
combustion engines (IC), welding, and machine design for 
the enhancement of different performance parameter of 
system.  
Whereas, the major advantage of the AI based techniques is 
that, they are relatively versatile for handling various 
qualitative constraints. AI techniques can find multiple 
optimal solutions in single simulation run. So they are quite 
suitable in solving multi-objective optimization problems for 

different mechanical engineering fields. In most cases, they 
can find out, the global optimum solution. 
The main advantages of ANN are; possesses learning ability, 
fast, appropriate for non-linear modeling, etc. whereas, large 
dimensionality and the choice of training methodology are 
some disadvantages of ANN.  
The advantages of FL method are; accurately represents the 
operational constraints and fuzzified constraints are softer 
than traditional constraints. 
The advantages of GA methods are; it only uses the values of 
the objective function and less likely to get trapped at a local 
optimum. On the other hand higher computational time is its 
disadvantage. 
The advantages of EP are; adaptability to change, ability to 
generate good enough solutions and rapid convergence.  
ACO and PSO are the latest entry in the field of 
optimization. The main advantages of ACO are; positive 
feedback for recovery of good solutions, distributed 
computation, which avoids premature convergence. It has 
been mainly used to find out the shortest route in the 
transmission network, short-term generation scheduling and 
optimal unit commitment. PSO can be used to solve complex 
optimization problems, which are non-linear, non-
differentiable and multi-model. The main merits of PSO are; 
its fast convergence speed and it can be realized that simply 
less parameters need to be adjusted. PSO has been mainly 
used to solve bi-objective generation scheduling, optimal 
reactive power dispatch and to minimize total cost of power 
generation. 
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Abstract— The Steiner Tree Problem is a NP-Hard combinatorial 
optimization problem that determines the least cost 
interconnection for a given set of objects. For a given undirected 
graph � = ��, �, �	, where � is the set of vertices, � is the set of 
edges and � is the weight function and a set 
 where, 
 ⊆ �, the 
Steiner tree problem is to determine the sub graph of � that 
connects the elements of 
 without forming cycles and with the 
lowest total cost of edges. It finds several real life applications like 
network or circuit layout designing, computational biology etc, 
where the weights assigned to the edges represent parameters 
like cost, time, distance which are not naturally precise and the 
uncertainty involved can  modeled using fuzzy numbers. Various 
types of fuzzy numbers exist like triangular and trapezoidal 
which provide for easier fuzzy mathematical calculations but in 
this paper we prefer Gaussian fuzzy numbers as it is easy to 
analyze because it is continuous and differentiable providing for 
efficient gradient based optimization and because it requires 
fewer parameters, its representation becomes simpler. To make 
the Gaussian function more suitable for practical applications we 
limit the support of Gaussian fuzzy numbers and use Quasi 
Gaussian Fuzzy Numbers as fuzzy weights. Also, a Link 
Preference Index for ranking of fuzzy numbers is derived to solve 
the Fuzzy Steiner Tree Problem.  
 

   Keywords- Steiner Tree, Minimum Spanning tree, Link Preference 
Index, Quasi Gaussian Fuzzy Numbers, Fuzzy Shortest Path. 

I.  INTRODUCTION  

   Graphs depict the pair wise relations between the objects   
from a collection and are of great importance in the field of 
Mathematics and Computer Science. A graph denoted as � = �, �	 is an ordered pair where  the set of vertices and � 
is the set of edges, showing the relationship between a pair of 
elements of the set  . For a given undirected graph � =�, �, �	 where � is the weight function mapping the set � to 
a set of non negative numbers and a set � where� ⊆ , the 
Steiner Tree Problem (STP) is to determine a sub graph of � 
without cycles that spans S with lowest total cost of its 
edges[1]. Therefore, for a given set of objects, determining the 
shortest interconnect is a combinatorial optimization problem 
STP named after Jakob Steiner. The STP is a NP-Hard 
problem with two versions, one is the optimization problem 
where a minimum weight Steiner tree is to be found and the 
other is the decision problem where the task is to determine 

whether a Steiner tree of total weight at most K exists or not. 
This problem has several practical applications like in network 
designing or designing the circuit layout, in facility location 
problem, in the fields of wireless communication, 
computational biology etc. In every case, the weights assigned 
to the edges depict either of the parameters like cost, link 
capacity, distance, time, demand etc. which are not naturally 
precise. The uncertainty involved can be represented using 
fuzzy numbers [2]. In this paper we present an algorithm to 
solve the Fuzzy Steiner Tree Problem (FSTP) with the weights 
assigned to the edges as fuzzy numbers. Several types of fuzzy 
numbers exist like Triangular, Trapezoidal fuzzy numbers that 
provide for simpler fuzzy arithmetic calculations but here we 
prefer Gaussian fuzzy numbers over other types for two 
important reasons that Gaussian fuzzy numbers are easy to 
analyze because it is continuous and differentiable providing 
for efficient gradient based optimization and because it 
requires fewer parameters, its representation becomes simpler 
[ 3, 4, 5, 6, 7, 8].  
A survey of the problem shows that a lot of research has been 
done for STP and many algorithms have been suggested for 
different types of STP. An algorithm for rectilinear STP is 
presented in [9] and because STP is an NP-Hard problems 
some approximation algorithms are suggested for the 
Euclidean and rectilinear STP in [ 10, 11, 12, 13]. Some 
heuristic algorithms were suggested in [ 14, 15]. In our 
algorithm we consider the heuristic algorithm stated in [1] and 
construct an algorithm for the FSTP using Quasi Gaussian 
Fuzzy Numbers (QGFN) and introduce a new ranking index, 
Link Preference Index (LPI) that is used for ranking QGFN 
and finding the FSTP. 
Some important terms are defined in Section 2 of this paper 
followed by the Greedy heuristic algorithm for FSTP in 
Section 3 and an illustrative example in Section 4. Finally, the 
conclusion is presented in Section 5.  

 

II. PREREQUISITES 

Here, some terms that are required to solve the Steiner Tree 
Problem are stated and explained. 
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A. Quasi Gaussian Fuzzy Number 

Gaussian fuzzy numbers find a lot of practical applications so 
it is beneficial to limit the Gaussian function and define a new 
category called Quasi Gaussian Fuzzy Numbers. QGFN is 
finitely supported i.e. the value of x beyond �� - 3�� and ��  + 
3�� is set to zero where �� is the modal value, �� and �� denote 
the left and right spreads respectively corresponding to the 
Gaussian Distribution’s standard deviation. We use Michael 
Hanss notation as follows [16]: 
 p = ���∗��� , �� , ��	                                                       �1	 
 
Here p is a QGFN and the membership function ����	  is 
defined as: 
 ����	    

=
���
� 
���
!   0                        �#$ � ≤  �� − 3��  exp *− �� − �� 	+ 2��+ -             �#$ �� −  3��  < � <  ��                                                                                                  ∀ � ∈ 1                   �2	 exp *− �� − �� 	+ 2��+ -            �#$ ��  ≤ � <  �� + 3��0                     �#$ � >  �� + 3��

4 

 

B. Decomposed Fuzzy Numbers (DFN) 

Decomposed fuzzy numbers implement the concept of interval 
arithmetic and amongst all other methods for performing the 
fuzzy arithmetical operations, interval arithmetic is the most 
preferred one.  
A fuzzy set A can be represented as sequence of 5-cuts. An 5-
cut �67	 of A is defined as [16]: 

 67 =   5-cut (A) = 8�|�: ��	 ≥  5<                 where 5 ∈ =0,1> 
 

To reduce the infinite number of 5 -cuts and make the 
decomposed fuzzy numbers usable for practical applications, 
the infinite set is reduced to a finite one by selecting some 
discrete values 5? = �? for 5 [16]. 
The finite set is created by dividing the interval [0, 1] into @ 
sub-intervals by applying the following formula [16]:- 
 ∆� = 1@ 

Now the discrete values are 

                                  �? =  ?B , C = 0,1, … … … … . @. 
with the properties 

         �F = 0, �G = 1, 
                                �?HG =  �? + ∆�,      C = 0,1, … … … … . @ − 1. 

The parameter @ which controls the degree of refinement is 
called the decomposition number. The decomposed form of 
the fuzzy number IJ that corresponds to the finite number of 5-cuts is represented by the set KJ =  LMJ�F	, MJ�G	, … … … … . . , MJ�B	N of  �@ + 1	 intervals            �3	 

 

Where MJ�?	 =  OPJ�?	, QJ�?	 R = STUVW�IJ	 ,  
 

                            PJ�?	 ≤  QJ�?	,          C = 1,2, … … … … … … . @.  
 

These �@ + 1	 intervals are called intervals of confidence. 
 

C. Minimum Operation using DFN 

If S is the set of all fuzzy numbers then XYZ  and X6M corresponds to [\\U P�] join operations respectively 
and denotes a distributive lattice represented by a triple ^�, XYZ, X6M_[17]. 
It is possible to define partial ordering on the 
latticê �, XYZ, X6M_.  
The decomposed fuzzy numbers are represented in terms of 5-
cuts and these 5-cuts can also be utilized in finding the partial 
ordering of the fuzzy numbers. 
For any 6, ` ∈ � and 5 ∈ =0,1> if the 5-cut of 6 is expressed 
as 67  and that of ̀  as ̀ 7  where 67 = =PG, P+>  and 7̀ ==QG, Q+>. Then  

            XYZ�67 , 7̀	 = =[a��PG, QG	, [a��P+, Q+	> 
Similarly, in case of decomposed fuzzy numbers MG�?	 P�] M+�?	  represented by the interval OPG�?	, QG�?	R  and OP+�?	, Q+�?	R  respectively, the minimum of the two fuzzy 

numbers can be represented as bcJd�?	  stated as interval eP�?	, Q�?	f then 
        bcJd�?	 = eP�?	, Q�?	f                                                                                        
             = O[a� gPG�?	, P+�?	h , [a� gQG�?	, Q+�?	hR 
 

D. Addition Operation using DFN 

If two decomposed fuzzy numbers MG�?	  and M+�?	  represented 

by the interval OPG�?	, QG�?	R and OP+�?	, Q+�?	R respectively, are to 

be added to form the result b�?	  shown by the interval eP�?	, Q�?	 f then  

OPG�?	, QG�?	R + OP+�?	, Q+�?	R = iPG�?	 + P+�?	  jkklkkm   n�W	 , QG�?	 + Q+�?	jkklkkmo�W	 p      �4	 

Several methods are available for performing fuzzy arithmetic 
operations but the interval arithmetic using decomposed fuzzy 
numbers is preferred because of  its simpler 
implementation[16]. 
 

E. Link Preference Index (LPI) 

The Link Preference Index defines the ranking order where 
each edge weight (in case of Fuzzy MST) and each path length 
(in case of Fuzzy Shortest path) �br	 is compared with the 
least edge weight (in case of Fuzzy MST) and fuzzy shortest 
path length (in case of Fuzzy Shortest path) �bcJd	. The edge 
with the highest LPI is preferred to all other edges and 
becomes a part of the MST and the path length with the 
highest LPI is most similar to the fuzzy shortest path length 
and is considered to be the shortest path i.e. 
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bG < b+   a��    sKY�bcJd < bG	 > sKY�bcJd < b+	 
As shown in “Fig. 1”. 

 

 
 

Figure 1: Link Preference Index 
 
The formula for (LPI) using QGFN is derived as follows:- bcJd = ���∗��,t  �� , ��	            br =  ���∗u�rt , �rv , �rwx 
Let �y be the membership function. 
If � t  ≤ � < �� + 3�� 
 �y = \�I=−�� − ��	+/2��+>  => log 1�y = �� − ��	+2��+   

             =>  2��+ ~log 1�y� = �� − ��	+ 

       =>  ���2 glog GV�h = � − �� 
                               => � = ����2 glog GV�h + ���                 �5	 

If �� −  3�rv < � < �rt  

 �y = \�Ie−�� − �rt 	+/2�rv +f 
                                   =>  � = ��rv�2 ~log 1�y� + �rt �            �6	 

Equating (5) and (6)                    => ���2 glog GV�h + �� =  �rv�2 glog GV�h +  �rt  

 =>  �� −  �rt =  �2 log GV�   u�rv − ��x 

                     =>   �2 glog GV�h =  ���� �����	g��v� �wh 
Squaring on both sides,          => 2 ~log 1�y� =  e��� − �rt 	 u�rv − ��x⁄ f+

 

                                   �y = \�I O− ��� − �rt 	+ 2u�rv − ��x+� R ,     �ℎ\$\  �rv ≠ ��     �7	 
 
We take:   
 sKY = \�I O− ��� − �rt 	+ 2u�rv − ��x+� R           a� �rv ≠ ��           �8	 

 

The above stated formula can accurately rank the Quasi-
Gaussian fuzzy numbers but cannot tackle situations where the 

left spread u�rvx of br  becomes equal to the right spread ���	 
of bcJd. To deal with such a situation, we consider the 
following three cases: 
 �P�\ Y:    a�   �rt − 3�rv <  �� + 3��   

                =>   �rt − �� < 3u�rv + ��x 
                =>  �rt − �� = 3�u�rv + ��x                           �ℎ\$\ 0 < � < 1 
                =>  �rv + �� =   =�rt − �� 3�⁄ >                                               
 s\U ��rt − ��	  =  ∆�� 
                =>  �rv + �� =   =∆�� 3�⁄ >                                                       �9	 
 
Squaring on both sides, 
              =>  �rv + + ��+ = =�∆��	+ 9�+⁄ >  − 2�rv��            �10	 
 
Substituting �10	 in �8	 , we get,       
            

   => sKY = \�I i ��∆��	�
+~�∆�t	���� ����v�w�p                                           �11	  

Similarly we get the following equations for �P�\ YY  
and �P�\ YYY : 
 �P�\ YY:  a�  �rt − 3�rv =  �� + 3��                                                     
 sKY = \�I � −�∆��	+

2 ~�∆��	+9�+ − 4�rv����            �ℎ\$\ � = 1     �12	 

�P�\ YYY: a�  �rt − 3�rv >  �� + 3��                                                  
 

sKY = \�I i ��∆��	�
+~�∆�t	�� �� ����v�w�p                        �ℎ\$\  � > 1     �13	   

 sKY =

�� 
�!                                a�   �rt − 3�rv <  �� + 3��  Uℎ\� Sℎ##�\  0 < � < 1    

 \�I * ��∆��	�
+g�∆�t	���� ����v�wh-   a�  �rt − 3�rv =  �� + 3��   Uℎ\� Sℎ##�\  � = 1     �14	     

                a�  �rt − 3�rv >  �� + 3��  Uℎ\� Sℎ##�\  � > 1
III.  ALGORITHM 

   This algorithms considers a connected undirected distance   
graph � = �, �, ]	 and a set � where� ⊆ . Here  is the set 
of vertices, � is the set of edges and ] is the distance function 
which is represented as a QGFN and denotes the distance 
between a pair of verticesu J ,  ?x ∈ . To determine the final 
Steiner tree, a complete undirected distance sub graph �G = �G, �G, ]G	  is constructed from the given two inputs � P�] �  such that now G = �  and ]Gu J ,  ?x  of the 
edgeu J ,  ?x  ∈  �G  is equal to the fuzzy shortest path from  J  U#  ? in �. 
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Input : An undirected distance graph � = �, �, ]	 and a set 
of Steiner points � ⊆ . 
Output : A Fuzzy Steiner Tree �¡¢£	 for � P�] �. 
 
Step 1: Construct the fuzzy complete undirected distance 
graph �G = �G, �G, ]G	 from � P�] �. 
Step 2:To construct �Gconsider each vertex  J ∈ �  and find 
out the fuzzy shortest path to all other vertices                 ? ∈ � 
among all possible paths from  J  to  ? ∈ �  using Definition 
3,4 and Equation (14). 
Step 3: Find the fuzzy minimal spanning tree ¡G#� �Gusing 
the following extended Prim’s algorithm for Fuzzy MST (if 
there are several fuzzy minimum spanning trees, choose any 
arbitrary one). 
 Extended Prim’s Algorithm        
  
 ¤T¥¥¦_X�¡_K1YX��, �, $	 
 1  �#$ each  T ∈ =�> 
 2          ]# ¨\¦=T> ←  −∞      
    // Initialization of the array that stores the LPI value for each node. 
 3              «=T> ← ZYs         
    // Initialization of the array that stores the parent of each node. 
 4  \�] �#$ 
 5  ̈ \¦=$>  ← 0                      // the value for root is initialized. 
 6  ¬ ←  =�>                        // Priority queue is initialized 
 7  �ℎa\ ¬ ≠  ∅ 
 8              ]# T ← �M¡16�¡_X6M�¬	    
   // Function to extract the node with maximum LPI value from Q 
 9                    �#$ \PSℎ   ∈ 6]C=T> 
 10                          ]# a�   ∈ ¬ P�] sKY�T,  	 > ¨\¦= > 
 11                                      Uℎ\� «= >  ← T 
 12                                        ¨\¦= >  ← sKY�T,  	 
   // The new LPI value of the selected nodes are calculated using 
equation (14)                                                                                                                         
 13                            \�] a� 
 14                    \�] �#$ 
 15  \�] �ℎa\ 
 
Step 4: Construct the sub graph �¯#� �  by replacing each 
edge in ¡G  by its corresponding fuzzy shortest path in �  (if 
there are more than one fuzzy shortest paths then choose any 
arbitrary one). 
Step 5: Find the Fuzzy MST �¡̄ #� �¯	 using the algorithm 
stated in Step 3 (if there are several Fuzzy MST then choose 
any arbitrary one).   
Step 6: Construct the Fuzzy Steiner Tree�¡¢£	 from ¡̄   by 
deleting the edges in ¡̄  , if necessary so that all the leaves in  ¡¢£ are  steiner points and not the terminal nodes. 
 
The above stated heuristic algorithm for the FSTP runs in °�|�|||+	 time. 
 

IV.  ILLUSTRATIVE EXAMPLE 

Consider the network given in “Fig. 2” 

 
 

Figure 2: Example network with Steiner points shown as double circles. 

Step1: For the given graph �  with  || = 6 P�] |�| = 8 
and � = 81,2,3,6<. The value of  ]  for each edge i.e. fuzzy 
edge weights are as follows:  ¡ = ���∗=9,3,2>                                                ¬ = ���∗=20,6,4>  1 = ���∗=10,2,2>                                             ± = ���∗=15,5,5>  = ���∗=14,4,5>                                             ² = ���∗=8,1,2> ³ = ���∗=16,3,4>                                            � = ���∗=7,2,5> 

 
From the given graph, the fuzzy complete undirected distance 
graph �G = �G, �G, ]G	  is constructed following the below 
stated procedure: 
 

(a) Vertex set G = � = 81,2,3,6< and using these 
vertices, the fuzzy complete graph  �G is created. 

(b) The Edge weights are converted from QGFN to DFN 
using Definition 2. Let ¨ = 2            

    ¡ = 8=0,15>F, =5.5,11.5>F.´, =9,9>G< 
    ¬ = 8=2,32>F, =13,25>F.´, =20,20>G< 

        1 = 8=4,16>F, =7.5,12.5>F.´, =10,10>G< 
  ± = 8=0,30>F, =9,21>F.´, =15,15>G< 

      = 8=2,29>F, =9,20.5>F.´, =14,14>G< 
    ² = 8=4,14>F, =6.5,10.5>F.´, =8,8>G< 

       ³ = 8=7,28>F, =12.5,21>F.´, =16,16>G< � = 8=1,22>F, =4.5,13>F.´, =7,7>G< 
Step 2: All possible paths between pair of nodes in G  are 
explored and the fuzzy shortest path between them is 
determined using the given graph � , Definition 3,4 and 
Equation (14). 

 
Between Node 1-2 possible paths are:       �P	 ¡ = 8=0,15>F, =5.5,11.5>F.´, =9,9>G<  = ���∗=9,3,2> 
       �Q	 ¬ + 1 = 8=6,48>F, =20.5,37.5>F.´, =30,30>G< 
                  = ���∗=30,8,6>  
  �S	 ¬ +  + ² + ± = 8=8,105>F, =37.5,77>F.´, =57,57>G< 

        = ���∗=57,16,16> 
   �]	 ¬ +  + � + ³ + ± = 8=12,141>F, =48,100.5>F.´, =72,72>G<   

     = ���∗=72,20,23> 
 

Now, bcJd = 8=0,15>F, =5.5, 11.5>F.´, =9,9>G< = ���∗=9,3,2> 
So, the fuzzy shortest path from Node1-2 is ¡. 
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Figure 3: Fuzzy complete undirected distance graph �G. 

 
Similarly, the fuzzy shortest path between all pair of nodes in 
the vertex set G  determined and the fuzzy complete 
undirected distance graph �G  shown in above “Fig. 3” is 
generated. 
 
Step 3: The minimal spanning tree ¡G#� �G is constructed 
using extended Prim’s algorithm for Fuzzy MST as stated in 
step 3 of the algorithm. 
 
  ¡ = 8=0,15>F, =5.5,11.5>F.´, =9,9>G<  = ���∗=9,3,2> 
 
 ¡ − 1 = 8=4,31>F, =13,24>F.´, =19,19>G<  = ���∗=19,5,4> 
 
 ¡ − ± − ² − � = 8=5,81>F, =25.5,56>F.´, =39,39>G< 
                            = ���∗=39,11,15> 
 
 1 = 8=4,16>F, =7.5,12.5>F.´, =10,10>G<  = ���∗=10,2,2> 
        
 ± − ² − � = 8=5,66>F, =20,44.5>F.´, =30,30>G<           
                     = ���∗=30,8,12> 
  − � = 8=3,51>F, =13.5,33.5>F.´, =21,21>G<  = ���∗=21,6,10> 

              
Now, bcJd = 8=0,15>F, =5.5, 11.5>F.´, =9,9>G< = ���∗=9,3,2> 

 
Following are the status of the two arrays used in the extended 
Prim’s algorithm stated above after each run of the loop till the 
priority queue Q becomes EMPTY. Table 1 shows the initial 
status of the two arrays, Table 2 shows the status after the root 
is initialized, Table 3 shows the status of the two arrays after 
the neighbors of the root are explored and Table 4 shows the 
final connections in the fuzzy minimal spanning tree ¡G#� �Gand “Fig. 4” shows the final connections in the Fuzzy 
Minimal Spanning Tree : 

Table 1: Initial status of the two arrays. 
 

Node 1 2 3 6 «=T> ZYs ZYs ZYs ZYs ¨\¦=T> −∞ −∞ −∞ −∞ 

 
Table 2:  LPI value for the root is initialized. 

Node 1 2 3 6 «=T> ZYs ZYs ZYs ZYs ¨\¦=T> 0 −∞ −∞ −∞ 

 
 
 

 
 

Table 3: Showing the status of the two arrays after the neighbors of the root 
are explored. 

Node 1 2 3 6 «=T> ZYs 1 1 1 ¨\¦=T> 0 1 0.111 0.0014 

 
Table 4: Showing the final connections in the fuzzy minimal spanning tree ¡G#� �G. 

 

Node 1 2 3 6 «=T> ZYs 1 2 3 ¨\¦=T> 0 1 0.9695 0.044 

 

 
 

Figure 4: Fuzzy Minimal Spanning Tree ¡G#� �G 
 

 
Figure 5: Final Fuzzy Steiner Tree�¡¢£	. 

 
Step 4: Now the connections in ¡G  are replaced by their 
corresponding shortest paths in �  and we get the �¯   and 
because there are no cycles and no terminal node becomes a 
leaf  node, the fuzzy minimum spanning tree ¡̄  becomes the 
final fuzzy Steiner tree �¡¢£	 as shown in the above “Fig. 5”. 
 

V. CONCLUSION 

As stated in the earlier section of this paper, the Steiner Tree 
Problem finds a lot of practical applications and in this paper 
we have studied the problem for the case of fuzzy 
environment considering the uncertainties that are involved in 
the practical scenario. We have presented an algorithm to 
solve the Fuzzy Steiner Tree Problem using the concept of 
QGFN that simplifies the fuzzy arithmetic calculations 
involved and a formula for LPI has been derived that helps in 
ranking the fuzzy numbers. Moreover, the result generated by 
our algorithm is the same as the one generated in the crisp 
case by reducing the spread values of the QGFN to zero. 
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Abstract—The increasing flow of Web-based services in many
and different business areas has activated the need for new Web
Applications (WAs). The burning market demand imposes very
short time for the development of new WAs, and recurrent
modifications for existing ones. Well-defined software processes
and methodologies are infrequently adopted both in the
development and maintenance phases. As a result, WAs’ quality
usually degrades in terms of architecture, documentation,
reliability and maintainability. Major concerns regard  the
difficulties in estimating costs of maintenance interventions.
Therefore, a strong need for methods and models to assess the
maintainability of existing WAs is growing more and more. In
this paper we use  a first proposal for a WA maintainability
model introduced by G.A. Di Lucca et al. as a base paper that
considers those peculiarities that make a WA different from a
traditional software system and a set of metrics allowing an
estimate of the WA maintainability is identified. In our work we
conducted an experiment in the form of a case study to
numerically calculate various maintainability metrics and find
out relationship between calculated metrics and maintainability.
Finally, some observation towards a maintainability assessment
model for web applications has been presented in the paper.

Keywords-Web Applications; Metrics; Model; Maintainability;
Assessment

I. INTRODUCTION

The quick diffusion of Internet has activated a growing
request for new Web Applications (WAs). Due to the pressing
market demand, new WAs usually developed in a very short
time, while existing WAs are modified frequently and quickly.
In these conditions, the well-known software engineering
principles are not usually applied, as well as well-defined
software processes and methodologies are rarely adopted. As a
consequence of such an undisciplined development and
evolution, WA usually present disordered architectures, poor
or nonexistent documentation, and can be analyzed,
comprehended and modified with a considerable effort.

To pass up a software crisis for the WAs there is a strong
need to urgently address the definition and the
experimentation of methodological approaches, techniques,
and tools supporting an effective maintenance of existing web
applications. Analogously, there is a strong need also for
methods and models to assess the maintainability of existing
WAs in order to have a valuable support to successfully
estimate the effort of a maintenance intervention.

While dealing with WA’s maintainability assessment, the
first step to achieve is the defining of software attributes
affecting maintainability. WAs are substantially different from
traditional software systems; thus, models and metrics defined
for traditional applications cannot be directly applied to WAs,
because they could not fit well in describing those new
features (such as the hyper-textual based structure, or the
usage of several technologies and programming languages to
code web pages, or the dynamic generation of HTML pages)
characterizing WAs and affecting WAs’ maintainability. Since
a few years, Software Engineering Research Community has
been dealing with problems about WA metrics in order to
estimate WA development efforts and evaluate some WA
quality attributes [17].

In [7] some web metrics are defined and used to generate
models for estimating, in the early phases of development, the
effort to design a WA. The problem to estimate web based
software development effort is discussed also in [10], where
new sizing metrics, derived by metrics used for traditional
software and adapted to the new WAs context, are defined and
used in an estimation model called WebMo, derived as an
adaptation of the CoCoMo II model [1].  In [12] three
maintainability assessment models at very fundamental level
have been defined. In [13] a suite of metrics to evaluate the
quality of the XML web service in terms of its maintainability
is presented. [14] provides an exploratory study for new
design metrics used for measuring the maintainability of web
applications from class diagrams. [15] presents the result of an
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experimental study to explore the relationship between
maintainability and some typical software metrics. [16]
describes a tool for computing early metrics from UML class
diagrams based on the Web Application Extension (WAE) for
UML.

Jeff Offutt, in [8] discusses about the differences among
traditional applications and WAs and indicates the main quality
attributes to be considered for WAs and which are the main
WA features that can affect them. The maintainability is one of
the critical aspects of a WA: WAs have to be modified and
evolve in a very fast way, then those features affecting it
should be defined, identified and evaluated in order to
improve/reduce the ones that have a positive/negative impact
on the maintainability both during the development and
maintenance process of a WA. Unfortunately, there are very
few works in the literature addressing the problem of assessing
the WA maintainability, even if in [2] web based applications
were considered as the ‘next maintenance mountain'.

In [11] a maintainability model for WAs is proposed by G.
A. Di Lucca et al.. The model is derived from the
maintainability model proposed in [9] by Oman and
Hagemeister for traditional systems. This model is adapted to
WAs, considering architectural and structural peculiarities that
make WAs different from traditional systems. Proper metrics
were defined in order to carry out an estimation of WA
maintainability that can be expressed as a function of those
metrics. This model doesn’t take into account all the aspects of
maintenance, in terms of phases and documentation. This is
due, mainly, to the following reasons. The major aim was to
support the decision making: the model is just a prediction
tool whose required effort is neglectable. Model is focused on
the source code: in the most critical cases, it is the only
available documentation; in the usual web application
lifecycle, the source code is the most handled document. The
remaining of the paper is organized as follows. Section II
summarizes the Oman and Hagemeister maintainability model
(OHMM), describes the main components composing a WA
together with the main relationships among them, and finally
presents the  WA maintainability model proposed by G.A. Di
Lucca et al.[11]. In Section III a case study selected from the
experiments we carried out for an initial validation of the
proposed model is described. Conclusive remarks and scope
for future work are, finally, provided in Section IV.

II. MAINTAINABILITY MODEL FOR WEB APPLICATIONS

Many papers discussing maintainability models for
traditional software systems are present in literature. Among
these, the one proposed by Oman and Hagemeister seems to us
the most exhaustive and complete. It has been chosen as base
model for deriving a suitable one to define the maintainability
of a WA.

A. The Oman and Hagemeister maintainability
Model(OHMM)

In [9], Oman and Hagemeister presented a maintainability
model based on a hierarchical tree structure comprehending 92
attributes affecting the maintainability of a software system.

The current work focuses on the category of the Source Code
and, more specifically, on the sub-categories of Control and
Information Structure. Adaptation of attributes and metrics
concerning these categories to the case of WAs and
components forming a WA and the main relationships among
them, are introduced and discussed in [11].

B. Traditional Systems and WAs

The OHMM was developed with reference to traditional
(Legacy) systems. These systems are usually composed of a
set of programs (or modules), linked by calling relationships
and different kinds of data coupling, and running just on one
centralized computer. Moreover, the programs are usually
coded just using one programming language (or at least very
few different programming languages) and they are executed
in a static way (i.e. no program or code component is created
at runtime).

On the contrary, WAs are usually composed of different
kinds of items coded with different programming/scripting
languages; WAs' components may be executed on different
computers in a distributed architecture, and some components
can be generated at run-time; among WAs' components may
exist different kinds of relationships connecting them.

Conallen [4] proposes an object-oriented model for
describing the component of a WA  that has been adopted in
some recent works on WA reverse engineering [5, 6] too. This
model is a UML class diagram depicting each type of relevant
item of a WA as a class, and possible relationships between
these items as UML association, aggregation/composition, and
generalization relationships. Each WA can be represented by
an instance of this model, that provides a description of the
internal organization of the WA, where each actually
implemented page and page component, and each actual
relationship between them is explicitly represented. This
model is obtainable by statically and dynamically analyzing
the source code of an existing WA [5].

C. Adapting the Oman and Hagemeister maintainability
model to WAs

The differences between traditional systems and WAs have
to be considered to apply the OHMM to WAs: the original
model has to be modified to be efficiently and effectively used
with WAs. In [11] the modifications were proposed to apply to
the OHMM for estimating the maintainability of a WA.

The Maintainability of a WA, with reference to the Source
Code Control and Information Structure characteristics, were
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expressed as a function of the 39 attributes described in [11] as
follows:

where Ai is the value of i-th maintainability attribute and
γiis the weight to assign to that attribute according to how
much the attribute affects the maintainability. The definition
of the values of such weights requires the availability and the
analysis of (historical) data from several maintenance
operations on different WAs. At the current state of our work
we have not yet a significative amount of such data to be able
to define the γ ivalues. This task will be a future work
for this research. However we have begun to analyze some
WAs from real world, computed the attributes of WAMM and
begun to carry out some simple experiments for validation of
the effectiveness of the model. The initial results we obtained
are presented and discussed in the next section in the form of a
case study.

III. CASE STUDY

Five web applications with different features, and
implemented using ASP, JSP, Javascript, HTML and AJAX
technologies, were selected for the case study. From here on,
for sake of brevity, we name these applications WA1, WA2,
WA3, WA4 and WA5.

WA1 is an application implementing employee claim
reimbursement in an organization. WA2 is a software system
having feature of mail service with SMS notification. WA3 is
an online help desk for the available facilities in a college
campus. WA4 is an e-commerce application supporting online
entertainment system. WA5  is an application implementing
virtual medical help desk for a health unit. All the five web
applications were the B. Tech. final year projects implemented
by the students at SRMS College of Engineering and
Technology, Bareilly, UP, India.

All the metrics in Table I has been computed manually as
per the information provided in [11]. A high Coupling may
negatively affect the impact of maintenance interventions [3].

A. Discussion

Analyzing the data in Table I we get following results:

WA4 has the largest totalserverpages, totalclientpages and
totalwebpages. While WA2 has the largest
totalbuiltclientpages. WA3 has the largest totalLOC whereas
WA2 and WA3 have largest totalserverpageLOC and
totalstaticclientpageLOC respectively. WA4 is largest in terms
of number of webobject and WA5 is largest in terms of
totallanguages used for their development. WA5 is largest in
terms of average page code size which also constitutes its
modularity. WA1 and WA4 are largest in terms of total
cyclomatic complexity. WA1 is most inconsistent as it is
having largest standard deviation of pagecodesize and largest
standard deviation of webpagecomplexity. WA2 is having
highest control coupling whereas WA4 has maximum number

of link and submit web page relationships.  WA3 has
maximum number of redirect web page relationship. WA2 has
the highest data coupling and module reuse.

Maintainability of WA3 is minimum in terms of maximum
number of LOC#. Maintainability of WA5 is minimum in
terms of maximum modularity. Maintainability of WA1 and
WA4 are lower in terms of complexity than other three
applications. Maintainability of WA1 is minimum due to
maximum inconsistency. Maintainability of WA2 is minimum
in terms of control and data coupling and module reuse.

IV. CONCLUSIONS AND FUTURE WORK

The rapid diffusion of different business domains’ services
over the Web involves critical conditions of development and
maintenance for Web Applications. The time-to-market for
new WAs is shortened and modifications requests for existing
WAs are ever more frequent. Due to both such a market
pressure and to the lack of widely spread and validated
methodologies, quality of WAs is badly affected, especially in
terms of maintainability.

In our work a preliminary proposal of a maintainability
model for WA assessment introduced by G. A. Di Lucca et
al.is treated as a base paper; the proposed model is an
adaptation of the model ideated by Oman and Heigemaster for
estimating maintainability of traditional software.

The current state of our research does also let to compare
maintainability metrics of different WAs, but evaluating the
maintainability level of a WA from an absolute viewpoint is
not yet possible. Collecting and analyzing data from
appropriate experiments is needed in order to defining exactly
coefficients of each  metric to compose the maintainability
function.

The paper discusses the modifications carried out in order
to make it effective for WAs, with a special focus on metrics to
be used. When properly interpreted the metrics can provide
useful indications about the quality of the WA to be
maintained, in terms of: size, data coupling, control coupling,
consistency, complexity and reusability. A case study has been
presented in order to address this analysis.

As for as maintainability model for web applications
discussed in section II C is concerned more empirical studies
are required to find out appropriate metrics and the extent to
which they affect the maintainability in a given context and the
kind of maintenance intervention.
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System Attribute Metric Name WA1 WA2 WA3 WA4 WA5 Mean

Size TotalServerPage# 4 20 16 40 14 18.8

TotalClientPage# 12 23 28 31 10 20.8

TotalWebPage# 16 43 44 71 24 39.6

TotalBuiltClientPages# 3 27 14 23 9 15.2

TotalLOC# 2812 5734 6890 5450 5000 5177

TotalServerPageLOC# 684 3676 1290 3140 3000 2358

TotalStaticClientPage LOC# 2128 2058 5600 2310 2000 2819

WebObject# 21 32 30 40 35 31.6

TotalLanguages# 2 4 1 1 6 2.8

Modularity Average Page CodeSize 176 133.3 156.6 76.76 208 150

Complexity Total Cyclomatic Complexity 16 11.58 14 16 15 14.5

Consistency Standard Deviation of PageCodeSize 659 12.24 15 15 14 143

Standard Deviation of WebPageComplexity 616 541 13 17 16 240.6

Control Coupling
Total WebPageRelationship#/

TotalWebPage#
16 43 14 15 14 20.4

Link# 45 257 280 310 205 219.4

Submit# 15 24 30 35 27 26.2

Redirect# 8 18 20 15 13 14.8

Data Coupling

Total WebPage

DataCoupling#/

TotalWebPage#

16 43 15 16 15 21

Module Reuse
Include#/

TotalWebPage#
15 43 10 10 9 17.4

Table I. WA Source Code Control and Information Structure Maintainability Attributes and Metrics at System and Component level
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Abstract— Clustering is a very useful and significant exploratory 
technique for the analysis of gene expression data. Many classical 
and heuristic clustering algorithms are being used for clustering 
biological data related to genes as well as their expression. 
Clustering algorithms based on probability models such as 
Bayesian model and others are also being used efficiently. Model 
based algorithms assume that the data is generated by finite 
mixtures of underlying probability distributions. Thus the 
quality and correctness of clustering is constrained to selection of 
appropriate model and its parameters. In this paper we proposed 
rule based model for clustering gene expression data. This 
provides better results in most of the cases as compared to K-
means, ANN based models and other methods. In this paper we 
have considered only expression of genes not their biological 
aspects and other properties such as origin and family. 

     Data and Implementation-the real as well as synthetic data 
sets are used (1 real and 10 synthetic data sets of 117 genes).SPSS 
Clementine 11.1 has been used for implementation of proposed 
clustering method. 

Keywords- Rule Based Model, Data mining, ANN, Clustering, 
Gene Expression. 

I.  INTRODUCTION 

      DNA microarrays offer the promise of studying the 
variation of many genes simultaneously. Large amount of 
gene expression data have been generated, but there is great 
requirement of developing the methods to analyze and explore 
the genes and related information [4].Clustering is much 
useful technique for the analysis of gene expression data. 

     Many clustering algorithms are there which are being used 
to analyze gene expression data, including heuristic based like 
hierarchal[1],k-means[3], self organizing maps[5], graph 
theoretic approaches[6][7] and support vector machine[8] , 
Model based clustering[9],Bayesian model based 
clustering([10].  

      Microarray time series (MTS) analysis allows the 
researcher to characterize set of genes through their 
longitudinal pattern of expression. The MTS data analysis 
methodologies can be divided into two classes [2]. The first 
one assumes the observations on the expression at each time 
as independent variables, and so the usual methods such as 
hierarchical process [1] and the optimization [3] can be 
directly used to cluster genes with similar expression pattern. 

The second performs clustering based on the set of parameters 
estimates from specific models; therefore, it is considered 
more interesting from the statistical and biological viewpoint, 
since the temporal expression behavior can be taken into 
account in the clustering.  Considering these advantages of 
model-based clustering methods and the difficulty of applying 
them to a large number of small series, here we propose rule 
based model for clustering gene expression data. 

II. CLUSTERING PROBLEM DESCRIOPTION 

      Many clustering approaches has been reported for success 
in applications, but so far no single method has emerged as the 
method of choice in gene expression analysis community, 
most of the proposed clustering algorithms are largely 
heuristically motivated and the issue of determining the 
correct number of clusters and choosing good clustering 
algorithms are not yet rigorously solved. 

      Clustering algorithms based on probability model offer a 
principled alternative to heuristic- based algorithms. In 
particular, the model based approach assumes the data is 
generated by a finite mixture of underlying probability 
distributions such as multivariate normal distributions. 

      The problems of determining the number of clusters and of 
choosing an appropriate clustering method become statistical 
model choice problems [9]. This provides a great advantage 
over heuristic clustering algorithms, for which there is no 
established method to determine the number of clusters or the 
best clustering method. 

      Here we propose rule based model for clustering, in which 
a model is trained by gene expression data set for which 
external evaluation criteria is available. Once the model is 
trained the rule set of the model is generated and used for 
testing and generalization of the model. 

III.     RULE BASED MODEL FOR CLUSTERING 

Here we propose rule based model for clustering gene 
expression datasets. The rule sets for rule based models can be 
generated using the datasets for which external evaluation 
criteria are available are training the model using algorithms 
like C5 and CRT. Here we have only considered time series 
analysis of gene data not the biological characteristics of genes 
in datasets. The clustering of gene expression dataset have been 
performed using rule based model and have been compared to 
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that of clustering by K-means Method (Heuristic based 
method), ANN (Quick) Model, ANN (Dynamic) Model, ANN 
(RBFN) Model. We observed the performance of heuristic as 
well as various intelligent computing models on real gene 
expression datasets for which external evaluation criteria were 
available.  The rule based model approach produced clusters of 
quality comparable to a leading heuristic clustering algorithm 
(K -Means) and other ANN models. 

IV. DATA SETS 

       We used gene expression dataset for which external 
evaluation criteria were available. The proposed methods have 
been applied to expressions of 117 genes that act on cell cycle 
of the Saccharomyces  cerevisiae (Zhu et al., 2000). The genes 
expression levels were generated over 10 time point at each 
evaluated time (0, 15, 30… 135 min). At first, the choice by 
non synchronized data was a manner to show that the proposed 
methodology works well for not only for highly selected 
datasets but also for general class of microarray datasets.       

       For intelligent computing models real dataset of 117 genes 
have been used for training as well as testing the models 
partitioning them into two data sets training and testing 
datasets. The used raw dataset may be downloaded at: 
http://www.det.ufv.br/∼moyses/links.php.  
 
Training data set:   63 genes of dataset used for training the 
model (out of 117 genes). 
 
Testing dataset: 54 genes of dataset used for testing the model 
(out of 117 genes). 

V.    IMPLEMENTATION 

We implemented the K-means, ANN (Quick), ANN 
(Dynamic), ANN (RBFN), Rule Based Model (C5), Rule 
Based Model (CRT) using SPSS Clementine 11.1 computing 
environment. Firstly all the models were trained with training 
data set and then tested by testing datasets. Following are the 
descriptions of architecture of models used for clustering 
generated by computing tool.   
 
A. K-means and ANN Models for Clustering 
 

i. Implementing K-Means Method:  The K-Means method 
was used for clustering datasets for k=5 clusters. 

ii. Implementing ANN (Quick) Model:    Three layers i.e. 
Input Layer: 10 neurons, Hidden Layer 1: 3 neurons, 
Output Layer: 5 neurons. 

iii. Implementing ANN (Dynamic) Model: Four Layers i.e. 
Input Layer: 10 neurons, Hidden Layer 1: 4 neurons, 
Hidden Layer 2: 4 neurons, Output Layer: 5 neurons. 

iv. Implementing ANN (RBFN) Model: Three layers i. e. 
Input Layer: 10 neurons, Hidden Layer 1: 20 neurons, 
Output Layer: 5 neurons 

 
 
 

B. Rule Based Model for Clustering 
 

     Rule based models have been generated using two 
algorithms C5 and CRT. Both the models have been trained for 
training data set and rule set have been generated for both the 
models. The generated rule set are the rule base which are used 
for clustering test data and are generalized to cluster the gene 
expression data assumed to be  originated with approximately 
same  distributions of models.  

   The rule base generated after training through data sets using 
C5 algorithm for rule based model is shown in Box.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Box 1. Rule set (Rule Base) for Model using C5 

       

Rules for 1 - contains 2 rule(s) 
 Rule 1 for  1.0  

   if time_15 <= -0.047 
   and time_60 > -0.108 
   and time_45 > -0.019 
   and time_45 > 0.307 

   then 1.000 
 

 Rule 2 for  1.0  
   if time_15 > -0.047 

   and time_0 <= -0.200 
   then 1.000 

 
Rules for 2 - contains 1 rule(s) 

 Rule 1 for  2.0  
   if time_15 > -0.047 
   and time_0 > -0.200 

   then 2.000 
 

Rules for 3 - contains 1 rule(s) 
 Rule 1 for  3.0  

   if time_15 <= -0.047 
   and time_60 > -0.108 

   and time_45 <= -0.019 
   then 3.000 

 
Rules for 4 - contains 1 rule(s) 

 Rule 1 for  4.0  
   if time_15 <= -0.047 
   and time_60 > -0.108 
   and time_45 > -0.019 
   and time_45 <= 0.307 

   then 4.000 
 

Rules for 5 - contains 1 rule(s) 
 Rule 1 for  5.0  

   if time_15 <= -0.047 
   and time_60 <= -0.108 

   then 5.000 
Default: 2 
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      The rule base generated after training through data sets 
using CRT algorithm for rule based model is shown in Box.2. 
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Box 2.  Rule set (Rule Base) for Model using CRT 
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Box 2.  Rule set (Rule Base) for Model using CRT 

VI. RESULTS 

The results allowed genes to be partitioned into five distinct 
clusters. Here we show how various models implemented for 
clustering performed when applied to gene dataset. 
Performance of the clustering models after training the models 
is shown in Table I and after testing the performance of the 
models is shown in Table II. As for our dataset external 
evaluation criteria are available, the performance of models is 
evaluated in terms of correct and wrong cluster allocation 
through training and after testing. 

        Performance evaluation of various methods for clustering 
the gene expression data after training shows that how good 
models have been trained. As shown in the Table I, it is clear 
that after training K-means correctness of cluster allocation is 
least, ANN (Quick) model is better than k-means but inferior 
to others, ANN (RBFN) is better than both K-means and ANN 

Rules for 1 - contains 2 rule(s) 
 

 Rule 1 for  1.0  
   if time_15 <= 0.092 

   and time_60 > -0.103 
   and time_45 > 0.316 
   and time_30 > -0.192 
   and time_60 > 0.171 

   then 1.000 
 

 Rule 2 for  1.0  
   if time_15 > 0.092 

   and time_0 <= -0.188 
   then 1.000 

 
Rules for 2 - contains 2 rule(s) 

 
 Rule 1 for  2.0  

   if time_15 <= 0.092 
   and time_60 > -0.103 
   and time_45 <= 0.316 
   and time_45 <= -0.012 
   and time_15 > -0.187 

   then 2.000 
 

 Rule 2 for  2.0  
   if time_15 > 0.092 

   and time_0 > -0.188 
   then 2.000 

 
Rules for 3 - contains 2 rule(s) 

 
 Rule 1 for  3.0  

   if time_15 <= 0.092 
   and time_60 > -0.103 
   and time_45 <= 0.316 
   and time_45 <= -0.012 
   and time_15 <= -0.187 

   then 3.000 
 

 Rule 2 for  3.0  
   if time_15 <= 0.092 

   and time_60 > -0.103 
   and time_45 > 0.316 

   and time_30 <= -0.192 
   and time_0 > 0.036 

   then 3.000 
 

Rules for 4 - contains 3 rule(s) 
 

 Rule 1 for  4.0  
   if time_15 <= 0.092 

   and time_60 > -0.103 
   and time_45 <= 0.316 
   and time_45 > -0.012 

   then 4.000 
 

 Rule 2 for  4.0  
   if time_15 <= 0.092 

   and time_60 > -0.103 
   and time_45 > 0.316 

   and time_30 <= -0.192 
   and time_0 <= 0.036 

   then 4.000 
 

 Rule 3 for  4.0  
   if time_15 <= 0.092 

   and time_60 > -0.103 
   and time_45 > 0.316 
   and time_30 > -0.192 
   and time_60 <= 0.171 

   then 4.000 
 

Rules for 5 - contains 1 rule(s) 
 Rule 1 for  5.0  

 
   if time_15 <= 0.092 

   and time_60 <= -0.103 
   then 5.000 

 
Default: 2 

 

88



International Conference on Artificial Intelligence & Soft Computing (AISC - 2012), December-2012, IIT-BHU, Varanasi 

(Quick) but inferior to others. ANN (Dynamic) model is better 
than others but inferior to both the rule based models. 

TABLE I.   RESULTS SHOWN BY MODELS AFTER SETTING   THE     
            PARAMETERS BY TRAINING THROUGH TRAINING DATASET 

S.No. Model 

Total 
genes in 
training 
dataset 

% Correct  
Cluster 

% Wrong 
Cluster 

1 K-Means Method 63 67.60% 32.40% 

2 ANN(Quick) 63 80.95% 19.05% 

3 ANN(Dynamic) 63 90.48% 9.52% 

4 ANN(RBFN) 63 79.37% 20.63% 

5 
Rule based  
Model(C5) 

63 93.65% 6.35% 

6 
Rule based  
Model(CRT) 

63 100% 0% 

 
        When we evaluated the performance of the models in 
terms of correct cluster allocation with test data set the result 
was almost same to that of training performance. But the 
correctness was lower. As it is clear from Table II that still the 
order of performance of various methods are almost same and 
is comparatively better for Rule based models. For test data set 
also K-means correctness of cluster allocation is least, ANN 
(Quick) model is better than k-means but inferior to others, 
ANN (RBFN) is better than both K-means and ANN (Quick) 
but inferior to others. ANN (Dynamic) model is better than 
others but inferior to both the rule based models. 

TABLE II.  RESULTS OF MODELS AFTER TESTING THE MODELS   
                   FOR TESTING DATASET 

S.No. Model 

Total 
genes in 
testing 
dataset 

% 
Correct  
Cluster 

% Wrong 
Cluster 

1 K-Means Method 54 47.40% 52.60% 

2 ANN(Quick) 54 67.86% 32.14% 

3 ANN(Dynamic) 54 78.57% 21.43% 

4 ANN(RBFN) 54 64.29% 35.71% 

5 
Rule based  
Model(C5) 

54 78.57% 21.43% 

6 
Rule based  
Model(CRT) 

54 80.36% 19.64% 

 
 

VII. CONCLUSION 

As we can see that the performance in terms of correct cluster 
allocation is lowest for K-Means, moderate for ANN (Quick) 
and ANN (RBFN) model and better for three models ANN 
(Dynamic), Rule based model (C5), Rule based Model (CRT) 

for training as well as testing. .  But we can see that the rule 
based models have performed marginally better than ANN 
(Dynamic) and much better than other ANN and heuristic 
model. Although clustering results may vary depending upon 
order of arrangement of gene datasets, total number of clusters 
and parameters of the models. But in general rule based 
models perform better to other models of ANN and heuristic 
based models.   

       For both training and testing data sets the proposed Rule 
based model clustering method performed very well, once 
allowed to cluster genes that share similar expression pattern 
over time. This method can be used to cluster the gene data 
sets having different characteristics generating the rule bases 
for that data set using this model. Thus, one of the main 
contributions of this study is to arouse interest of 
bioinformatician for models of clustering based on rule base.  

VIII. FUTURE WORK 

         Our results suggest the usefulness of rule based model 
for clustering. The models can be customized in updating the 
rule sets generated by both the rule based models by some 
external evaluation criteria. Other biological characteristics of 
genes can be included and then rules can be generated for that 
by which cluster results may improve. In this paper we have 
used datasets without any missing values which can be refined 
for missing data values. We have not considered relative 
importance factors for attributes but if expressions of genes 
are for large number of experiments, it can be used to reduce 
the number of attributes depending upon relative importance. 
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A Comparative study of Clique Percolation 

Methods on Large Random Graphs 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract-For detecting overlapping communitiesin 

complexnetworks, the clique percolation method was 

introduced by Palla et al., which is a deterministic 

community detection method that permits 

overlapping communities. Sequential clique 

percolation algorithm, introduced by Kumpula et al., 

is a fast community detection approach in weighted 

and unweighted networks for cliques of a chosen size. 

The technique is built on sequentially inserting the 

fundamental links to the network and simultaneously 

keeping track of the emerging community structure. 

In this paper,anexperimental study on the 

characteristics and the quality of the community 

detectionof boththese algorithmsfor all possible k-

communities using random graphs is presented.The 

test cases used include both synthetic and real 

benchmark graphs. The large realProtein-Protein 

Interaction (PPI) networks are used for the 

experiment. The quality of the communitydetection is 

tested by information theoretic measures 

likeNMI(Normalized Mutual Information). The 

approach is novel and robust because the test graphs 

taken are from the biological field.  

Keywords: PPI, NMI, Community Detection, Random 

Graphs, CPM,SCP 

I. INTRODUCTION 

Many complex systems in the real world exist in 

the form of networks, such as social networks, 

biological networks, Web networks, etc, which are 

collectively referred to as complex networks. These 

networks have some common features, such as 

power law degree distribution, clustering and 

community structures. Communities indicate 

groups of nodes such that nodes within a group are 

much more connected to each other than to the rest 

of the network. Although there is no accurate 

definition of a community, it exists in various 

systems, such as organizations in social networks, 

protein complexes in biological networks or a 

group of web pages with similar topics on the 

WWW. 

Detecting communities is very important to 

understand the structure, function and evolution of 

various systems [1]. To solve this problem, many 

methods have come forth in recent years, such as 

betweenness-based methods, similarity-based 

methods, modularity-based methods, and some 

other methods based on information theory and 

random walk. One can refer to Ref. [2] for a 

detailed review about these methods. Most of the 

above methods only detect non-overlapping 

communities, i.e., a node can only belong to one 

community; however, in some cases, a node may 

belong to multiple communities. For example, a 

researcher may belong to more than one research 

group, or a protein may exist in multiple 

complexes. 

Recently, the issue of finding overlapping 

communities has become a hot topic. Palla et al. 

proposed a clique percolation method (CPM) [3]. A 

complete sub-graph of k nodes, called k-clique, is 

rolled over the network through other cliques with 

k − 1 common nodes. In this way, a set of nodes 

can be reached, which is regarded as a community. 

One node can belong 

to more than one community; therefore, overlaps 

naturally occur. The CPM algorithm is limited by 

its assumption that the graph has a large number of 

cliques.In sparse weighted networks, the SCP 

algorithm[4] can also be used for implementing the 

weighted clique percolation method recently 

introduced by Farkase. al. [5]. 
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For evaluating the quality of network partitions, 

Newman and Girvan proposed the modularity 

measure Q [6] which has been widely used in 

community discovery. Modularity-based methods 

assume that high values of modularity indicate 

good partitions. But it has been proven that 

modularity optimization is an NP-complete 

problem. Most of the modularity-based algorithms 

find good approximation of the modularity 

maximum with high computational complexity 

such as SA (Simulated Annealing) [7], FN [8], and 

CNM [9]. Blondel et al. proposed a greedy 

modularity-based algorithm, called BGLL [10], for 

finding communities in weighted networks. 

COPRA [11] employs a label propagation 

technology tofind overlapping communities, and in 

its results each node can belong to v communities 

at the most. Here, v is a tunable parameter. GCE 

[12] is a two steps algorithm. In the first step, the 

algorithm identifies distinct cliques as seeds and 

expands these seeds by greedily optimizing a local 

fitness function in the second step. OSLOM [13] is 

a method based on the local optimization of a 

fitness function expression the statistical 

significance of clustering with respect to random 

fluctuations. 

In this study, the performance of CPM and SCPis 

tested over undirected synthetic and real-life large-

scale PPI graphs. The evaluation is made on the 

basis of NMI and modularity of the community 

results which can distinguish the behaviour of both 

the algorithms.SCP is producing more 

accurate communities compared to CPM 

because SCP is more efficient in terms of 

modularity of the resulted community. 

II. COMMUNITY DETECTION 

ALGORITHMS 

 
A. SCP (Sequential clique percolation) 

 

To focusonfast algorithmic implementationof the 

clique percolation (CP) method, originally 

introduced by Palla et al. [3], sequential clique 

percolation method is proposed. Sequential clique 

percolation (SCP) algorithm is based on 

sequentially inserting links to the network and 

keeping track of the emerging community 

structure. It has specifically been designed for 

weighted networks containing hierarchical 

communities which are reflected in the link 

weights. When links are inserted in decreasing 

order of weight, the algorithm allows for detecting 

k-clique communities at chosen threshold levels in 

a single run and simultaneously produces a 

dendrogram representation of hierarchical 

community structure. In addition, the algorithm can 

be used for very fast community detection for 

unweighted networks. 

The definition of k-cliques and k-clique 

communities [3, 14] are needed for understanding 

the basic principles of SCP’s community formation 

and those are defined as follows. 

A k-clique is a set of k nodes which are all 

connected to each other. A k-clique community, or 

k-community, is a set of nodes which can be 

reached by a series of overlapping k-cliques, where 

overlap means that the k-cliques share k − 1 nodes. 

 

SCP algorithm is based on detecting and storing k-

communities as they emerge and consolidate when 

links are sequentially inserted into the network. For 

unweighted networks, the links can be inserted in 

any order, whereas for weighted networks, it may 

be desirable to sort the links by weight.SCP 

algorithm for detecting k-communities consists of 

two phases: the first phase of the algorithm detects 

k-cliques which form when a link is inserted. These 

are then fed to the second phase, which keeps track 

of formation and merging of k-communities by 

processing the found k-cliques. 

 

1. Detecting the k-cliques 

 

The first phase of the algorithm involves detecting 

k-cliques which are formed when a link is inserted 

into the network.Suppose now that the inserted link 

connects nodes vi and vj. The minimum 

requirement for a new k-clique to form is that 

nodes vi and vjboth have degree of at least k−1. If 

this is the case, the algorithm proceeds by 

collecting all nodes that are neighbours of both 

nodes, Nij = Ni∩Nj, where N denotes 

neighbourhood. Now, when the link lij is added, 

each (k−2)-clique contained in the set Nij will give 

rise to a new k-clique. Therefore, all newly formed 

k-cliques are found by detecting all the (k−2)-

cliques in the Nij. For commonly used small clique 

sizes, this is very fast: for 3-cliques, (k − 2)-cliques 

are single nodes, while for k = 4, all connected 

pairs of nodes in Nij give rise to a new 4-

clique.Next the k-cliques detected as above are fed 

one by one into the second phase of the algorithm. 

 

 

2. Detecting the k-communities 

 

The second phase of the algorithm detects and 

keeps track of k-communities which form and 

merge when new k-cliques are input from the first 

phase. Because a k-community is defined as a set 

of nodes which all can be reached by a series of 

overlapping k-cliques, the crucial issue here is the 

efficient detection of overlap between k-cliques. A 

naive approach would be to search for shared sets 

of k − 1 nodes between the newly input clique and 

all existing cliques. However, the required 

computational effort makes this approach 

unpractical. Instead, we take advantage of the 
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sequential nature of the process by ”locally” 

detecting possible overlap of each new k-clique 

with existing k-communities and by updating the 

community structure accordingly. 

 

 

B. CPM (Clique Percolation Method) 

 

The analytic and simulation results are related 

to the appearance of a giant component, made of 

complete subgraphs of k vertices (k-cliques) and 

those results are obtained through the calculation of 

the threshold probability. Some concepts of k-

clique adjacency, k-clique chain, k-clique 

connectedness and k-clique percolated subgraph 

are introduced here: i) K-clique adjacency: two k-

cliques are adjacent if they share k-1 vertices, i.e., 

if they differ only in a single vertex ii) K-clique 

chain: a subgraph which is the union of a sequence 

of adjacent k-cliques. iii) k-clique connectedness: 

two k-cliques are k-clique –connected if they are 

parts of a k-clique chain. iv) k-clique percolation 

cluster (component): it is a maximal k-clique 

connected subgraph, i.e., it is the union of all k-

cliques that are k-cliques connected to a particular 

k-clique. 

 

Now, the threshold probability (critical point) of k-

clique percolation using heuristic arguments is 

presented as a general result. It is examined that a 

giant k-clique component appears in an Erdos-

Renyi at p = pc (k), where  

Pc (k) =
1

1

1

[( 1) ]Kk N 

.                    (1) 

 

C. Some Parametric Concepts 

 

NMI Value:  

Another metric to estimate the quality of clusters 

achieved is the amount of mutual information 

shared between clusterings. This metric was 

originally defined by Kvalseth (1987)[15]. The 

NMI value plays an important role in checking the 

optimal nature of clusterings of different methods. 

It evaluates the algorithm’s behaviour in 

information passing through different clustering 

results. It can predict the optimal or accurate 

clusters during clusterings. Assume, there are set of 

groupings of clusterings as which is 

denoted by ^. Let be the number of objects in 

the cluster  according to and  be the 

number of objects in the cluster  according to

. Let represents the number of objects that 

are in  according to and in cluster 

according to .The symbol is denoted as 

the estimation of NMI (Kvalseth (1987)) as 

represented in (2). 
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Based on this pairwise measure of mutual 

information, we can now define a measure between 

a set of r labelings, , and a single labelling 
'  as 

the average normalized mutual information 

(ANMI) expressed by (3). 

( ) ' ( ) ' ( )

1

1
( , ) ( , )

r
ANMI NMI q

qr
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Modularity Index: 

A topology-based modularity metric, originally 

proposed by Newman and Girvan, 2004 [16], is 

used in this investigation to check the performance. 

This is a square symmetric matrix of clusters where 

each element dij represents the fraction of edges 

that link nodes between clusters i and j and each dii 

represents the fraction of edges linking nodes 

within cluster i. The modularity measure is given 

by (4) as follows. 
2( ( ) )ii ij

i j

M d d  
(4) 

Graph size: 

It is obtained by computing the total number of 

nodes of the input graph. It is a basic parameter 

used in testing the behaviour of algorithms with 

different approach. 

 

III.  EXPERIMENTAL RESULTS AND 

DISCUSSIONS 

In this section, a number of experiments with 

different test cases are prepared to evaluate the 

behaviour of SCP compare to CPM. Erdos-renyi 

random graph as synthetic and large real PPI as real 

benchmark graph are taken into consideration for 

conducting the experiments.  

It is observed from figure 1 that the NMI value is 

always same for all the combinations of k-

( ){ | {1,.., }}q q r 

( )a

hn

hc ( )a ( )b

ln

lc
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,h ln

hc ( )a lc
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communities which are evaluated by both the 

algorithms SCP and CPM. E-coli PPI graph is 

taken here for this NMI evaluation. The quality of 

clusters, evaluated for both the algorithms is same. 

So, mutual information sharing between k-

communities for both these methods is similar type. 

Fig. 2 shows that the modularity is evaluated for 

PPI graphs with increasing graph size using both 

the method’s resulted k-communities. Modularity 

Index is an important measurement technique to 

check the performance or accuracy of the 

community results of different community 

detection methods. The modularity index of 

resulted community of SCP is better compared to 

CPM method. CPM’s community result is not 

getting better modularity gain for all the test cases. 

So, SCP is producing better communities compared 

to CPM. 

It is observed from figure 3 that the number of 

cliques which are produced by SCP is very high 

compared to CPM. SCP is exploring the whole 

network very well compared to CPM. This 

experimental process is conducted using erdos-

renyi graph. For all the test cases the number of 

cliques is increased with increasing graph size of 

erdos-renyi graph. 

 

 

Figure 1. NMI value evaluation

 

 

 
 

Figure 2.Modularity with Increasing Graph Size 

 

 

 
 

Figure 3. Cliques finding with increasing size 

 

 

Fig.4 shows that number of cliques 

produced by SCP method for k number of 

communities. The size of produced cliques 

is shrinking more when the number of k is 

increased from 3 to 4. Here also with 

increasing of graph size the number of 

cliques is increasing. 

 

 

 
 

Figure 4.Cliques with Increasing Graph Size 

 

Visualization of Community Results, produced by 

SCP and CPM methods are shown in the following 

figures. SCP is better in producing clusters and it is 

visually expressive also.Figure 5 and 8 are 

representing the modularity controlled community 

size marking graph. The modularity is basically 

used to shrink the community result of these 

methods by similarity measures i.e. depend on 

various properties of a complex network. The 

figures show that SCP is responding better in 

shrinking community results compared to CPM’s 

response to modularity. It can be concluded that the 

shrinking is done for SCP better compared to CPM. 

Figure 6 and 7 show the visualization of 

communities on E-coli graph for CPM and SCP 

respectively. SCP is more visually expressive 

compared to CPM. 
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IV. CONCLUSIONS 

This paper presents a comparison between SCP and 

CPM algorithm on the basis of quality of clusters 

and modularity of community results. The resulted 

community show that SCP is more modular 

compared to CPM.  But the quality of cliques found 

in SCP and CPM are similar type. Both the 

methods are producing same quality clusters 

because the same NMI value evaluation is detected 

for all the combinations of communities.   SCP is 

finding more number of cliques i.e. SCP is 

exploring the whole network more accurately 

compared to CPM. From the visualizations point of 

view, it can be concluded that SCP is producing 

more accurate communities compared to CPM. 

SCP is more visually perfect compared to CPM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7.Visual representation of SCP’s resulted community on 

E-coli PPIdata [17] 

Figure 6.Visual representation of CPM’s resulted community on 

E-coli PPI data [17] 

 

 

Figure 5. Modularity controlled communities marking in SCP’s 

community detection on E-coli PPI data[17] 

 

Figure 8. Modularity controlled communities marking in CPM’s 

community detection on E-coli PPI data [17] 
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Abstract  

Ear recognition is proved to be a promising 
authentication technique. Because of ear’s special 
physiological structure and location, the fusion of 
ear and face biometrics could fully utilize their 
connection relationship of physiological location 
and the supplement between these two biometrics, 
and possess the advantage of recognizing people 
without their cooperation. In this paper a novel 
feature fusion algorithm based on PCA is proposed 
and applied to multimodal recognition based on 
fusion of ear and face. With the algorithm, the 
fusion discriminate vectors of ear and face are 
established and nonlinear feature fusion projection 
could be implemented. The experimental results 
show that the method is efficient for feature-level 
fusion and the ear and face based multimodal 
recognition performs better than ear or profile 
face unimodal biometric recognition.  

Among the biometric traits used for computer 
vision, the face and the ear have gained most of the 
attention of the research community due to their 
non-intrusiveness and the ease of data collection. 
Face recognition with neutral expressions has 
reached its maturity with a high degree of 
accuracy. But changes of face geometry due to the 
changes of facial expression, use of cosmetics and 
eye glasses, aging, covering with beard or hair 
significantly affect the performance of face 
recognition systems. The ear is considered as an 
alternative to be used separately or in combination 
with the face as it is comparatively less affected by 
such changes. However, its smaller size and often 
the presence of nearby hair and ear-rings makes it 
very challenging to be used for non-interactive 
biometric applications [1].  

Keywords: Face, Ear, Newborn, Multimodal, 
Fusion.  

1. Introduction  

Biometrics refers to the use of physiological or biological 
characteristics to measure the identity of an individual. 
These features are unique to each individual and remain 
unaltered during a person’s lifetime. These features make 
biometrics a promising solution to the society. The access 
to the secured area can be made by the use of ID numbers 
or password which amounts to knowledge based security.  

But such information can easily be accessed by intruders 
and they can breach the doors of security. The problem 
arises in case of monetary transactions and highly restricted 
to information zone. Thus to overcome the above 
mentioned issue biometric traits are used. A biometric 
system is essentially a pattern recognition system which 
makes a personal identification by determining the 
authenticity of a specific physiological or behavioral 
characteristic possessed by the user. Biometric technologies 
are thus defined as the automated methods of identifying or 
authenticating the identity of a living person based on a 
physiological or behavioral characteristic.  

The various biometrics traits available are face, fingerprint, 
iris, palmprint, hand geometry, ear etc. Among the available 
biometric traits some of the traits outperform others. The 
reliability of several biometrics traits is measured with the 
help of experimental results. The biometric system is 
basically divided into two modes i.e., unimodal biometric 
system and multimodal biometric system. In case of 
unimodal biometric system the individual trait is used for 
recognition or identification. The system performs better 
under certain assumptions but fails when the biometric data 
available is noisy. The system also fails in case of 
unavailability of biometric template. Thus in such a 
situation multimodal biometric systems are used where 
more than one classifier is used to arrive at a final decision. 
The concept of multimodal biometric system has been 
proposed by Ross and Jain [2] where apart from fusion 
strategies various levels of integration are also presented. In 
[3] fusion of iris and face biometrics has been proposed. 
The score level fusion in multimodal biometrics system is 
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proposed in [4]. A novel fusion at feature level for face and 
palmprint has been presented in [5]. The purpose in  
[5] is to investigate whether the integration of face and 
palmprint biometrics can achieve higher performance that 
may not be possible using a single biometric indicator 
alone. Both Principal Component Analysis (PCA) and 
Independent Component Analysis (ICA) are considered in 
this feature vector fusion context. It is found that the 
performance has improved significantly. Biometrics-based 
authentication is emerging as the most reliable solution. 
However personal identity recognition based on any 
unimodal biometric may not be sufficiently robust or else 
may not be acceptable to a particular user group or in a 
particular situation. While multimodal biometrics 
technology is being developed to an important approach to 
alleviate the problems intrinsic to unimodal biometric 
systems [6] and getting more concern in biometric area.  

Earlier research has shown that human ear is one of the 
representative human biometrics with uniqueness and 
stability [7]. As a new non-intrusive recognition technique, 
ear recognition is getting more and more concern [8,9]. 
Because of ear’s special physiological structure and 
location, it is reasonable to combine ear with face for 
recognition in such scenarios as frontal face images are not 
available. The fusion of ear and face biometrics could fully 
utilize their connection relationship of physiological 
location and the supplement between these two biometrics, 
and possess the advantage of recognizing people without 
their cooperation. The fusion of ear and face may provide a 
new approach of non-intrusive biometrics recognition.  

Information fusion in a biometric multimodal system can be 
performed at three fusion levels according to Jain and Ross 
[10]: feature level, matching score level and decision level. 
Nowadays the research mainly focuses on the higher levels: 
matching score level and decision level and there has not 
much work done on feature level fusion. Whereas, the 
feature level fusion could keep the helpful classification 
information to its most and is expected to perform better 
than at the other two higher levels. One simple method of 
feature-level fusion is to concatenate several features as 
one, but it may lead to the “curse of dimensionality” 
problem. While solving the problem, we propose a novel 
feature-level fusion method based on PCA analysis.  

The recognition of individuals without their full 
cooperation is in high demand by security and intelligence 
agencies requiring a robust person identification system. A 
system such as this would allow person identification from 
reasonable distances without the subject’s knowledge. Such 
a system would also have to be fully automated with the 
detection and recognition done without manual 
intervention, to be of greater value and use. Towards such a 

system, we combined face recognition with ear recognition 
in a multimodal biometric system to improve recognition 
rates of unimodal systems. There are many methods for 
face recognition as this is a heavily researched area. Some 
of these more popular methods are Eigenface [11], Gabor 
features [12], Fisherface [13] and Local Feature Analysis 
[14]. Due to the fact that a fast automated system was 
desired, we used Eigenface to improve the recognition 
rates, yet still maintain a fast, and fully automated system. 
Other biometrics modalities include iris, hand, gait, voice, 
and fingerprint, see Handbook of Biometrics [15].  

Research in this area has shown some very interesting 
results, Chang et al. [16] used PCA on face and ear, with a 
manual land marking method. With the largest dataset of 
111 subjects, they achieved a combined recognition rate of 
90%. Rahman and Ishikawa [17] also used PCA for 
combining face and ear, they used profile images and 
manually extracted features. On a dataset of 18 subjects of 
profile face and ear, the recognition rate was 94.44%. 
Middendorf and Bowyer [18] used PCA/ICP for face/ear, 
manually annotating feature landmarks. On a 411subject 
dataset they were able to achieve a best fusion rate of 
97.8%. Yuan er al. [19] used s FSLDA (full-space linear 
discriminant analysis) algorithm on 75 subject database 
with 4 images each(USTB) and on the ORL database of 75 
subjects, achieving a best recognition rate of 98.7%. The 
novel feature of this paper is the development of a 
multibiometric system using face and ear as biometrics. It 
requires no manual intervention and was able to achieve 
recognition rates using two separate databases and achieved 
98.4% on a subset of FERET [20] and 99.2% on CVL [21] 
Face Database. The automation process includes a trained 
face and ear detector, extraction, cropping, and 
pre-processing.  

A multibiometric system normally overcomes many of the 
factors that plague a unimodal biometric system such as 
noise, variability and error rates [22]. Apart from the benefit 
of a higher recognition rate, a multimodal biometric system 
can also help in lowering false rejection error rates. The 
approach we adopt for our multibiometric system is a 
multimodal approach (face and ear) with a single algorithm 
(PCA).  

For both face and ear we used Principal Component 
Analysis (PCA) for recognition. PCA is a successful 
method for recognition in images and is largely a statistical 
method. PCA transforms the image space to a feature space; 
the feature space is then used for recognition. PCA 
translates the pixels of an image into principal components. 
Eigenspace is determined by the eigenvectors of the 
covariance matrix derived from the images.  
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This paper is organized as follows: section 2 describes the 
Database Acquisition for newborn. Section 3 describes the 
feature-level fusion algorithm based on PCA and applies it 

to the fusion feature extraction of ear and face, section 3 
presents the result of feature-level fusion and classification 
experiments and conclusion is provided in section 4.  

 2. Database Acquisition  

 

To prepare the face and ear image database of newborns 10 
Megapixel Digital Camera and 14 Megapixel Video 
Camera is used, and indoor face and ear images are 
captured at IMS-BHU, Varanasi Hospital, India. The data 

base acquisition of newborns took more than nine months 
to take sufficient number of subjects for the B. training and 
testing of images for different algorithms with slight 
variations in illumination, pose and expression. The size of 
data base is 2100 (210 Subjects X 10 Images). The 
newborns face database is prepared in two different 
sessions. 

 
A.Face  

The important covariates of face recognition 
are illumination, image quality, expression, 
pose, aging, and disguise. In case of infant, 
the challenges of aging and disguise are not 
manifested. Newborns are presumed to exert 
no voluntary control over their expressive 
behaviour (e.g., they do not adhere to 
cultural display rules), due to this they are 
highly non-cooperative users of biometrics 
and to capture their frontal face image with 
neutral face expression is big challenge. 
Therefore, the images shown in Fig. 1(a), 
Fig. 1(b) and Fig. 1(c) display the variation 
in their pose, illumination and expression 
and thus it is very challenging to get the 
same facial expression in both stages as it is 
very difficult to control their expression. 
Mostly we are getting three types of facial 
expression: (1) Neutral expression with 
mouth open or closed as shown in Fig. 1(a), 
(2) Crying face with slightly close eyes as 
shown in Fig. 1(b), (3) Sleeping face with 
closed eyes as shown in Fig. 1(c).  

 
Fig. 1(a). Sample neutral face Images of 
Newborn from the Database  
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Fig. 1 (c). Sample sleeping face Images of 
Newborn from the Database  

B. Ear  

Ears have gained attention in biometrics due to 
robustness of the ear shape. The ear shape does 
not change due to emotion and remain constant 
over most of person’s life but can change from 
other causes [23]. A subject may pierce their 
ears, wear different jewellery, wear their hair 
differently or even wear clothing that occludes 
part of their ear. The ear database of infant 
consists of pose, illumination and occlusion 
covariates. Occlusion is due to some tradition 
that soon after birth parents put black earrings 
or black threads in the ear. Five frontal 
photograph of each ear i.e. left and right ear are 
acquired in two sessions of 210 subjects with 
slight variations in pose, illumination and 
occlusion. Ear images are grouped according to 
variations mentioned above to solve the 
problem of ear recognition in infant as shown 
in Fig.2.  

Lighting determines how easily the feature can 
be seen. It also affects the way the feature is 
perceived, as lighting will cause shadows to 
fall differently depending on the direction and 
intensity of the light source. Pose will provide 
variance, as well. Images where the subject is 
looking up or down will have same ear features 
available as a subject looking straight ahead, 
but these cannot be compared directly against 
each other without being brought to a 
standardized pose.  

 
Fig. 2. Sample ear images of infant from the 

database  

 
computational cost of this method is more than the previous 

method.  
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Fig. 4. Block-diagram of the multimodal biometric system 
based on matching score fusion 

 
Fig.4. shows the block-diagram of the 
proposed multimodal biometric system 

based on the fusion of face and ear features 
at the matching score level.  

 5. Experimental Results 

 
The size of data base is 2800 (280 Subjects X 10 
Images). Each image database used in our research is 
divided into two training set images, face and ear 
images and their two corresponding test set images. 
The first four images per individual will construct the 
training set and the last six images per individual will 
be part of the test set. Principal components will be 
calculated for each individual image separately and the 
images will be transformed to the PCA space using 
their corresponding transformation matrix using 
Eigenfaces technique.  

A. Individual Face and Ear Recognition  

Experimental results that were obtained from the 
proposed face and ear recognition system are given, 
how we write the code using MATLAB for combined 
face and ear. At first level face and ear algorithms are 
tested individually. At this level the individual results 
are computed and the individual accuracy for face and 
ear is found to be 78.56% and 74.34% respectively as 
shown in Table 1.  

Table 1: Showing individual accuracy for newborn 
database  

 

Biometric 
Traits  

 Algorithm  Accuracy  FAR 
(%)  

FRR 
(%)  

Face  PCA  78.56 %  29.2  16.1  
Ear  PCA  74.34%  31.3  18.3  

 

 
Figure 5: CMC to show identification 
accuracies of individual unimodal biometric 
system  

However in order to increase the accuracy of 
the biometric system as a whole the individual 
results are combined at matching score level. 
At second level of experiment the matching 
scores from the individual traits are combined 
and final accuracy graph is plotted as shown in 
Figure 5. Table 1 shows the accuracy and error 
rates obtained from the individual system.  

B. Fusion of Face and Ear Recognition  

We tested the performance of our approach for 
ear recognition and face recognition separately 
and then fused the ear and face match scores 
using the weighted sum and Weighted Product 
technique. The results of our experiments are 
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reported in terms of the Cumulative Match 
Characteristic (CMC) for identification (see 
Figure 6 and Figure 7). The results of rank-one 
identification for the face recognition, ear 
recognition, and the fusion are presented, and 
are given as 78.56%, 74.34%, and 94.37%, 
respectively. As the figure shows, by fusing the 
face and ear biometric, the performance of the 
system is increased to 94.37%. We 
implemented three different normalization 
techniques (min-max, median-MAD and 
z-score) and applied two fusion methods 
(weighted sum and weighted product).  

Table 2: Multimodal accuracy for newborn 
after fusion  

Normalization  Fusion Methods  
Methods  Weighted 

Sum  
Weighted 
Product  

Min-Max  88.32%  90.13%  
Median-MAD  85.16%  86.72%  
Z-Score  92.13%  94.37%  

 

 
Figure 6: CMC to show identification 
accuracies after fusion  

From Table 2, we observe that z-score 
normalization method outperform other 
normalization technique in our experimental 
studies. The weighted product method provides 
better performance than weighted sum method. 
Hence, we can conclude that when the scores 
normalized using z-score method and 
combined using weighted product method, the 
best recognition performance (94.37%) are 
achieved. However in order to increase the 
accuracy of the biometric system as a whole 
the individual results are combined at matching 
score level. At second level of experiment the 
matching scores from the individual traits are 
combined and final accuracy graph is plotted as 
shown in Figure 6.  

 

Figure 7: CMC of the multimodal biometric 
system based on matching score fusion 

 6. Conclusion 

 
The present study aims to develop a multimodal 
biometric system for newborn recognition using face 
and ear biometrics. We described an automated 
multibiometric system using face and ear. Among 
several fusion methods a normalized Euclidean 
weighted product for face/ear of (0.8/0.2), gives the 
best result for newborn of 94.37%. These results may 
aid in the development of a passive recognition system 
where the subject’s cooperation is not required. Thus, 
for each recognition modality, we have a matching 

score that represents the similarity between a probe 
image and a gallery image. The matching scores 
obtained from the two modalities (ear and face) were 
fused at the match score level using the weighted 
product technique. This result along with the fact that 
ear and face data can be acquired simultaneously 
support our position that the combination of ear and 
face biometrics results in a robust multi-modal 
biometric system. In a near future, we plan to use other 
algorithms and compare it to do best and increase the 
accuracy for ear and face. 

101



 
Acknowledgement  

Authors would like to thank Prof. B. M. Singh and Dr. 

Niraj Srivastava (Department of Kaumar Bharitya, 
Faculty of Aurveda, Institute of Medical Science, 
BHU, Varanasi) for their help and cooperation in 
preparing the face database of infants.  

 
References  

1 S.M.S. Islam, R. Davies, Ajmal Mian and M. Bennamoun, "A 
Fast and Fully Automatic Ear Recognition Approach Based on 3D Local 
Surface Features'', Advanced Concepts for Intelligent Vision Systems 
(ACIVS), LNCS vol. 5259, pp. 1081--1092, 2008.  
2 A. Ross, & A. K. Jain, Information Fusion in Biometrics, 
Pattern Recognition Letters, 24(13), 2003, 2115-2125.  
 3. W. Yunhong, T. Tan, & A. K. Jain, Combining 
Face and Iris Biometrics for Identity Verification, Proceedings of Fourth 
International Conference on AVBPA, Guildford, UK, 2003, 805 
 813.  
3 S. C. Dass, K. Nandakumar, & A. K. Jain, A Principled 
Approach to Score Level Fusion in Multimodal Biometric Systems, Proc. of 

Audio-and Video-based Biometric Person Authentication (AVBPA), Rye 
Brook, NY, 2005.  
4 G. Feng, K. Dong, D. Hu, & D. Zhang, When Faces Are 
Combined with Palmprints: A Novel Biometric Fusion Strategy, 
International Conference on Bioinformatics and its Applications, Hong 
Kong, China, 2004, 701-707.  
5 R. Arun and J. Anil, “Multimodal Biometrics: An Overview”, 
Proc. of 12th European Processing Conference, 2004, pp. 1221-1224.  
6 A. Iannarelli, Ear Identification. Forensic Identification Series, 
Paramount Publishing Company, Fremont, California, 1989.  
7 D.J. Hurley and Nixon, et al, “Force Field Energy Functions for 
Image Feature Extraction”, Image and Vision Computing, Vol. 20, 2002, 
pp. 311-317.  
 

 
1 Y. Li, M. Zhichun, Y. Zhang, L. Ke, “Ear Recognition using 
Improved Non-Negative Matrix Factorization”, The 18th International 
Conference on Pattern Recognition, Hongkong, August, 2006.  
2 R. Arun and J. Anil, “Information Fusion in Biometrics”, 
Pattern Recognition Letters, Vol. 24, 2003, pp. 2115-2125.  
3 Turk, M.A., Pentland, A.P.: Eigenfaces for recognition. Journal 
of Cognitive Neuroscience 3(1), 71–86 (1991).  
4 Qin, J., He, Z.S.: A SVM face recognition method based on 
Gaborfeatured key points. In: Proc. Fourth Int. Conf. Machine Learning and 
Cybernetics, pp. 5144–5149 (2005).  
5 Belhumer, P.N., Hespanha, J.P., Kriegman, D.J.: Eigenfaces vs. 
Fisherfaces: recognition using class specific linear projection. IEEE 
Transactions on Pattern Analysis and Machine Intelligence, 711–720 
(1997).  
6 Penev, P.S., Atick, J.J.: Local feature analysis: a general 
statistical theory for object representation. Network: Comput. Neural Syst., 
477– 500 (1996).  
7 Jain, A., Flynn, P., Ross, A.A.: Handbook of Biometrics. 
Springer, Heidelberg (2008).  
8 Chang, K., Bowyer, K., Sarkar, S., Victor, B.: Comparison and 
Combination of Ear and Face Images in Appearance-Based Biometrics. 
IEEE Transactions on Pattern Analysis and Machine Intelligence 25(9), 
1160–1165 (2003).  
9 Rahman, M.M., Ishikawa, S.: Proposing a passive biometric 
system for robotic vision. In: Proc. 10th International Symp. on Artificial 
Life and Robotics (2005).  
10 Middendorf, C., Bowyer, K.W.: Multibiometrics using face and 
ear. In: Handbook of Biometrics, pp. 315–341. Springer, Heidelberg (2008).  
11 Yuan, L., Mu, Z.-C., Xu, X.-N.: Multimodal recognition based 
on face and ear. In: International Conference on Wavelet Analysis and 
Pattern Recognition, ICWAPR 2007, vol. 3(2-4), pp. 1203–1207 (2007).  
12 Phillips, P.J., Moon, H., Rizvi, S.A., Rauss, P.J.: The FERET 
Evaluation Methodology for Face-Recognition Algorithms. IEEE 
Transactions on Pattern Analysis and Machine Intelligence 22(10), 
1090–1104 (2000).  
13 Peer, P.: CVL Face Database, 
http://www.lrv.fri.uni-lj.si/facedb.html.  
14 Bubeck, U.M., Sanchez, D.: Biometric authentication: 
Technology and evaluation, Technical Report, San Diego State University 
(2003).  
15 C. Fields, C.F. Hugh, C.P. Warren, and M. Zimberoff, “The ear 
of the infant as an identification constant”, Journal of Obstetrics and 
Gynecology, vol. 16, pp. 98–101, 1960.  
16 P. Viola and M. Jones, “Robust real-time face detection”, 
International Journal of Computer Vision, vol. 57, no. 2, pp. 137–154, 
2004.  
17 Viola, P., Jones, M.: Rapid object detection using boosted 
cascade of simple features. In: Proceedings of IEEE Computer Vision and 
Pattern Recognition (2001).  
18 Lienhart, R., Maydt, J.: An extended set of Haar-like features 
for rapid object detection. In: Proceedings of IEEE International Conference 
on Image Processing, pp. 900–903 (2002).  
19 A.A. Darwish, R. Abd Elghafar and A. Fawzi Ali, Multimodal 

Face and Ear Images, Journal of Computer Science , vol. 5, no. 5, pp. 
374-379, 2009.  
20 Bubeck, U.M., Sanchez, D.: Biometric authentication: 
Technology and evaluation, Technical Report, San Diego State University 
(2003).  
21 Middendorf, C., Bowyer, K.W.: Multibiometrics using face and 
ear. In: Handbook of Biometrics, pp. 315–341. Springer, Heidelberg (2008).  
 

102



Application of Soft Computing in Mechanical 

Engineering 
S.K.Saini

* 
J.G.Verma

a
, A.Tiwari

 b 

Department of Mechanical Engineering, 

National Institutes of Technical Teachers Training & Research, 

Bhopal-462002, India. 

Email: surendra1feb@gmail.com 

*, a, b-P.G. Students (Advanced Production System) 

 

Abstract: - Natural intelligence is exhausting day by day 
therefore many techniques have been developed to transfer 
it into a machine so as to overcome this problem in future. 
Science and engineering creates a non- organic machine  
that has all the abilities of natural organic intelligence so 
the goal is to create a smart machine ,that can perform 
complex tasks on their own that can be possible only by the 
application of artificial intelligence where intelligent 
analysis ,precision and automation is necessary. This paper 
present an introduction of artificial intelligence and its 
techniques also discussed the current uses of application of 
artificial intelligence in Mechanical Engineering and how 
to use  these techniques that  improve the productivity 
,profit , higher quality and cost   specially in entire field of  
mechanical engineering. Artificial techniques: ANN, G.A, 
Expert Systems, Fuzzy Logic, Knowledge-Based System, 
Simulated Annealing, Genetic Programming, Neuro-Fuzzy.   

Key word: - Artificial techniques, Mechanical Engineering, 
conventional technique. 

I Introduction 

Artificial Intelligence is that branch of Science which 

deals with intelligent machines to find solutions of 

the complex problems in a more human-like fashion. 

This usually involves borrowing characteristics from 

human intelligence, and applying them as algorithms 

in a computer friendly way. Artificial intelligence 

(AI) is a human endeavor to create a non-organic 

machine –based entity that has all the abilities of 

natural organic intelligence.  Artificial 

Intelligence (AI) is the oldest and best known 

research field which has the goal of creating 

intelligent systems. AI comprises two basic things 

first studying the thought processes of human beings 

another representing those processes via machines. 

According to the UNESCO it belongs to the social 

science and not to the natural science. AI techniques 

are highly result oriented, smarter, useful and less 

expensive than conventional intelligence techniques.   

II Classification of Artificial Intelligence techniques 

 Artificial Neural Network (ANN) 

 Genetic Algorithm (GA) 

 Fuzzy Logic 

 Expert Systems 

 Knowledge Based System 

 Simulated Annealing 

 Neuron Fuzzy 

 Genetic Programming 

 

III Development of Artificial Intelligence techniques 

A. Artificial Neural Network (ANN)    

      Simple neural network had been proposed in 

1943 by Warren McCulloch and Walter Pitts. ANN is 

an intelligent technique, which mimics the 

functioning of a human brain and biological neural 

system i.e. living brain was a model for ANN to 

solve highly complex problems. It simulates human 

intuition in making decision and drawing conclusions 

when presented with complex, noisy, irrelevant and 

partial information. ANN result is more effective 

than conventional method and also extensively used 

in mechanical engineering applications. By using 

these techniques human efforts and time can be 

reduced. 

B. Genetic Algorithm (GA)   
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     Pioneered by John Holland in the 1970’s and idea 

came from Darwinian evolution [David Hales].  

Genetic algorithm can be used to solve a variety of 

problems that are not easy to solve by using other 

techniques. For understanding   purpose there are 

some biological term which is used like gene, 

chromosome, mutation, and crossover. Each cell of a 

living thing contains chromosomes - strings of DNA 

,each chromosome contains a set of genes - blocks of 

DNA, each gene determines some aspect of the 

organism (like eye colour),a collection of genes is 

sometimes called a genotype ,a collection of aspects 

(like eye colour) is sometimes called a phenotype, 

reproduction involves recombination of genes from 

parents and then small amounts of mutation (errors) 

in copying ,the fitness of an organism is how much it 

can reproduce before it dies, evolution based on 

“survival of the fittest” 

C. Fuzzy logic    

    Development of fuzzy logic was started with the 

Buddha philosophy that the world is filled with 

contradictions i.e. almost everything contains some 

of its opposite.  About 200 years later binary logic 

has been developed by the Greek scholar Aristotle, 

according to Aristotle thought that world was made-

up of opposites like true /false, hot/cold, male/female, 

active/passive etc. Fuzzy logic was introduced in 

1965 by Professor Lotfi A. Zadeh.  Fuzzy logic gives 

the partial result of true and false and according to 

Buddha “precision is not truth”. First fuzzy logic 

controller was used to control the speed of a small 

steam engine. This was developed by E.H Mamdani, 

London. Major role of fuzzy logic is in control 

engineering. Basic elements of fuzzy logic system are 

fuzzification, fuzzy inference, and defuzzification.   

D. Expert system 

     A very knowledgeable person in a particular area 

or subject is called a human expert. This human 

expert knows the appropriate question to ask in order 

to draw a particular conclusion. In a similar way, an 

expert system in a computer program that ask 

questions and reasons with the given knowledge on 

some specialist subject, with a view to solve a 

problem or giving advice. It is concerned with the 

design and implementation of programs which are 

capable of emulating human thinking skills such as 

problem solving, visual perception and language 

understanding. This is expressed in a special purpose 

language such as CLIPS, LISP, and OPS5 etc. An 

expert system program is different from a 

conventional program, this difference exist because it 

attempts to simulate human reasoning , it uses 

representations of human knowledge,  it uses 

investigative (heuristic) methods to obtain a solution . 

An expert system is often referred as a knowledge 

base system. Knowledge can be expressed in two 

forms (a) Declarative knowledge (knowing 'what'): it 

takes the form of relatively simple and clear 

statements which can be added and modified without 

difficulty. It is knowledge of facts and relationships. 

For example: a car has four tires, lathe is older than 

CNC. (b) Procedural knowledge (knowing 'how'): it 

explains what to do in order to reach a certain 

conclusion. For example: to determine if lathe or 

CNC is older than first find their ages. Declarative 

information is stored in a knowledge base and the 

procedural instructions are stored in the inference 

engine. Most of expert system built based on IF-

THEN rule. 

E. Simulated Annealing  

     This technique was motivated from the Annealing 

in metal. In 1958, a Monte Carlo technique based 

simple algorithm was introduced by Metropolis et al. 

later simulated annealing has been used for 

combinatorial problem in 1985-1986 by Kirkpatrick 

et al. and Cerny et al.  Simulated annealing is an 

optimization tool dealing with the highly non linear 

models and it has been used for discrete optimization 

and continuous variable problem. 

F. Neuro Fuzzy 

     First neuro-fuzzy was proposed by J.S.R Jang. 

This is an offspring of artificial neural network and 

fuzzy logic and also called as fuzzy neural network 

(FNN).  NFS  is mainly used for two model one is 

linguistic fuzzy modeling which is focused on 

interpretability (Mamdani model) and another is 

precise fuzzy modeling which is focused on accuracy 

(Takagi-Sugeno-Kang model). 

G. Genetic Programming  

      N. A. Barricelli has used first time in 1954. Then 

further proposed by Johan R. Koza, in 1992 and 

found that it is a specialization form of genetic 

algorithm. This is used for solving specific complex 

engineering application by generating program 

IV Areas of applications of developed Artificial 

Intelligence Techniques 

A. ANN  

     It has been used for power transmitter’s design for 

Bevel-Spur gear parameter choice i.e. gear material 

,number of teeth, module , width ,inclination angle  
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[1]  Dragan et al. ANN has been  used for predicting  

the optimum  durability and the reliability of  reuse 

designed automotive  components [2]. ANN has been 

used to improve the mechanical property of structural 

steel [4], rolling steel [16] [18] and finding ductile 

property of cast iron [20] in foundry. It also use as 

simulate the design process for gear design [22], 

design and mechanical property of a ceramic tool 

[26] , selection of parameter for gas metal arc 

welding [29].  

B. Genetic Algorithm  

      It is based on natural genetic and finding 

optimum solution. It has been used for development 

of  intelligent computer aided process planning 

(Capp)  for finding optimal process plan to reduce 

machining time ,number of setups, tool change for 

minimizing manufacturing cost [3].Also it has been 

used in mixed technique(RBK ASAGA) for optimize 

the propelling system of a HHV[12], modeling the 

various metals forming process [21], computer aided 

design and its approach to design and shape 

optimization of cam profile [23] [24] and mechanical 

property of the welded joint [25] [27]. 

C. Fuzzy logic 

 

    It has been used in manufacturing process for 

finding thermal errors in CNC machine tool [13] and 

to produce steel strip using strip casting process [15]. 

 

D. Expert systems 

     In expert system knowledge base technique have 

been used for finding feasible process plan in 

Capp[3] for a machining part and material selection 

process [28].It has been used for fault diagnosis of 

gear box [11], failure analysis of a mechanical 

component [14], simulate the design process for gear 

design [22]. 

E. Simulated Annealing 

 

    This artificial technique have been used 

successfully in different mechanical application like 

scheduling parallel batch processing machine to 

minimize the makespan  and completion time [5], 

optimization of manufacturing process planning [6], 

to reduce lead time, material handling cost, setup 

time in cellular manufacturing [7], optimal tuning of 

a fuzzy controller for a high performance drilling 

process [8]. 

 

F. Neuro Fuzzy 

   It has been used for prediction of flow stress and 

process variable those are influenced the mechanical 

property of a component [19].  

 

G. Genetic Programming 

 

     It has been used for diagnosing the machine fault 

in vibration environment [9], structure optimization 

[10]. 

 

 

H. Fuzzy Expert 

 

    It is a combination of an expert system and fuzzy 

logic. It has been employed as for choice of teeth 

number of small gear [1], improve machining 

performance and accuracy by controlling the ECM 

process variables [17].  

     

 

V Conclusion 

 A review study of different artificial intelligence 

techniques in mechanical engineering application. 

These techniques have been employed successfully 

for optimization because conventional optimizing 

technique became too tedious and not enable to solve 

highly complex problem. 
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Abstract— During last few years, many routing protocols 
for Ad-hoc Networks have been anticipated and enhanced 
to efficiently route data packets between two nodes in a 
network. It is not clear, how does protocol perform in 
different Mobility Model. A protocol may be the best in 
one network, to use in network topology and mobility 
scenario, but the worst to use in another. The main span of 
this paper is to test performance of routing protocol i.e 
Dynamic Source Routing (DSR) with respect to a variety 
of mobility models using Network Simulator (NS 2.35 
simulator). In this paper, the parameters used for 
estimation are packet delivery fraction (PDF), average end 
to end delay, and throughput. In this paper, an attempt 
has been made for the performance of protocol for 
different mobility models. We have analyzed the 
performance of protocol and to evaluate its performance 
for Mobility Models. 

Keywords- NS-2 simulator, Performance parameters,DSR, 
Mobile Ad hoc Network, Mobility Model, Routing Protocol.  

I. INTRODUCTION 

An Ad Hoc Network are self configuring, self healing 
networks consisting of mobile nodes associated wirelessly to 
form a dynamic  topology without any network infrastucture. 
In an Ad Hoc  networking, each nodes that can comminicate 
with one other with out the aid of any centrilized point. The 
routers  are free to move randomly and  organize themselves  
randomly[1,3]. It is important for one node to enlist the aid of 
other nodes in forwarding a packet to its destination.due to the 
limited range of each node’s trasmissions.In ad hoc network 
,mobility of node is an important issue due to ad hoc 
charatersticssuch as dynamic network topology,limited 
bandwidth,multihope nature etc.Thus there is requrementof 
efficient mobility management scheme. The important 
charaterstics of Ad Hoc network are Automated Battlefield, 
Disater Recovery (flood, fire, earthquick etc), Moving 
vehicales and Conference Rooom, senser on car, Patient 
monitoring, Sepecial Oprations, Search and rescue in remote 
areas are some applications used in Ad Hoc network. 
The key part of this paper is that we have established a 
simulation based study of Ad Hoc routing protocol to know 
their activities when used in an Ad Hoc network position. 

Thus, the performance of an Ad-Hoc network is directly 
connected to the efficiency of the routing protocol in adapting 
to changes in the network topology and the link status [6, 9]. 
For the performance assessment of a routing protocol with 
respect to Mobility Models for an Ad-Hoc network, it is very 
important to use as a suitable mobility models to simulate the 
motion of the nodes in a network [8, 10, 11]. An effort has 
been made in the present work to the performance evaluation 
of Ad-Hoc network protocols. We make use of the 
BonnMotion framework [22] for a Mobility Scenario 
Generation and Analysis Tool.  
Apart from introduction in section I, we give brief Description 
of routing protocol in section II, .In section III, we describe 
the mobility models used in our study.  .In section IV, we 
present about the random way point mobility model, and in 
section V agreement the simulation system and outcome 
obtained in the performance of simulation.  At least we give 
explanation the conclusion in section VI.  
 

II .DESCRIPTION OF THE PROTOCOL 

There are many ways to classify the MANET routing 
protocols , depending on how the protocols handle the packet 
to deliver from source to destination. But Routing protocols 
are broadly classified as Proactive, Reactive and Hybrid 
protocols [15,16]. Here, we are using only DSR (REACTIVE 
UNICAST ROUTING  PROTOCOL) protocol. The description of 
this protocol is given as follows: 
DSR (Dynamic Source Routing): 

The Dynamic Source Routing (DSR) is a reactive routing 
protocol that utilizes source routing algorithm [11, 16, 21]. 
DSR is a simple and well-organized routing protocol 
considered completely for use in multi-hop wireless ad hoc 
networks of mobile nodes. The sender knows the entire hop by 
hop route to the destination. These routes are stored in a route 
cache [8, 9]. This protocol is composed of the two main 
mechanisms of "Route Discovery" and "Route Maintenance", 
which work jointly to allocate nodes to determine and keep 
routes to random destinations in the ad hoc network. Other 
advantages of the DSR protocol contain easily definite loop-
free routing, maintain for use in networks containing 
unidirectional links, use of only "soft state" in routing, and very 
fast recovery when routes in the network alter. The DSR 
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protocol is considered mainly to work well with very high rates 
of mobility.  

When a source node needs to send a packet, it first consults 
its route cache [7]. If the required route is available, the source 
node sends the packet along the path. Otherwise, the source 
node initiates a route discovery process by broadcasting route 
request packets. Receiving a route request packet, a node 
checks its route cache. If the node doesn’t have routing 
information for the requested destination; it appends its own 
address to the route record ground of the route request packet. 
Then, the request packet is forwarded to its neighbors. If the 
route request packet reaches the destination or an intermediate 
node has routing information to the destination, a route reply 
packet is generated. When the route reply packet is generated 
by the destination, it comprises addresses of nodes that have 
been traversed by the route request packet. Otherwise, the route 
reply packet comprises the addresses of nodes the route request 
packet has traversed concatenated with the route in the 
intermediate node’s route cache. Whenever the data link layer 
detects a link disconnection, an OUTE_ERROR packet is sent 
toward the back to the source in order to maintain the route 
information. After getting the ROUTE_ERROR packet, the 
source node initiates another route discovery operation. 
Furthermore, all routes containing the busted link should be 
removed from the route caches of the immediate nodes when 
the ROUTE_ERROR packet is transmitted to the source. The 
benefit of this protocol is go down of route discovery arrange 
overheads with the use of route cache and the drawback is the 
growing size of packet header with route duration due to source 
routing. 

III. DESCRIPTION OF MOBILITY MODELS USED 

The mobility model is considered to explain the movement 
pattern of mobile users, and how their position, speed and 
acceleration change over time. Since mobility patterns may 
play a significant role in determining the protocol performance, 
it is desirable for mobility models to emulate the movement 
pattern of targeted real life applications in a reasonable way. In 
this section, paper investigates which mobility models are used 
for performance analysis.  Here, we discuss reference point 
group mobility model and random waypoint mobility model. 

(a) Reference Point Group Mobility Model(RPGM): 
Reference Point Group Mobility (RPGM) Model is proposed 
in [10,11] This model is described as another way to simulate 
group behavior in [18], where each node belongs to a group 
where every node follows a logical center (group leader) that 
determines the group's motion behavior. The nodes in a group 
are usually randomly distributed around the reference point. 
The different nodes use their own mobility model and are then 
added to the reference point which drives them in the direction 
of the group. At each instant, every node has a speed and 
direction that is derived by randomly deviating from that of 
the group leader. This general description of group mobility 
can be used to create a variety of models for different kinds of 
mobility applications. Group mobility as such can be used in 
military battlefield communications. One example of such 
mobility is that a number of soldiers may move together in a 
group. Another example is during disaster relief where various 

rescue crews i.e. firemen, policemen form different groups and 
work considerately.  
 

 
 
Figure 1: Traveling pattern of one group using the RPGM 

model. 
 
(b)Random Way Point Mobility Mode (RWP): The random way 
point model is a random based mobility model used in mobility 
management schemes for mobile communication systems. This 
proposed to explain the movement pattern of mobile user 
which consists of how their location, mobility and acceleration 
change over time. The random way  point model, first proposed 
by Johnson  et al.; [19,20,21], soon became a “benchmark” 
mobility model to evaluate the because of its  
straightforwardness and wide convenience. Random Way point 
mobility model is similar to the Random Walk Mobility Model 
if pause time is zero. The Radom Way point is the simplest 
model whose node trace is generated by the stardust tool by 
CMU Monarch group, included in NS-2 simulator. The 
Random Waypoint Model [19] assumes each Mobile Node 
(MN) is originally placed on a uniform-randomly selected 
coordinate within the network area. The node selects, regularly 
and randomly, a target location within the network to travel.  
The  velocity  to  move  to  this  position  is  also  selected 
homogeneously and randomly from  the range [Vmin...Vmax] 
where Vmin and  Vmax characterize  the minimum and 
maximum feasible node velocities. Once the Mobile Node( 
MN) moves to the chosen location, it waits at that location for a 
definite amount of time called the pause-time. The above 
process of choosing a random target location and random 
velocity to move is repeated awaiting a predefined simulation 
time is reached.   

 

 
Figure 2: Random Waypoint Model viewing node 

movement. 
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IV. SIMULATION AND PERFORMANCE METRICS 

(A) Simulation Model: 

 

The network simulations have been carried out using 
Network Simulator NS-2.35 and its related tools for animation 
and study of results. We chose a Linux platform i.e.  UBUNTU 
12.00, as Linux offers a number of programming development 
tools that can be used with the simulation method. We 
analyzed the experimental results contained in generated output 
draw files by using the AWK command. We have generated 
mobility scenarios for Reference Point Group Mobility Model 
and random way point model using the BONNMOTION [22] 
tool and have improved generated scripts to the supported ns2 
format so that they can be incorporated into TCL scripts. 
Random traffic associates of Constant Bit Rate (CBR) can be 
setup between mobile nodes using a traffic-scenario generator 
script [11].  

 

 

 (B) Simulation constraint: 

 

      The parameters used for carrying out simulation are 
summarized in the table 1, which is given under 

 

 

Table 1: Simulation parameters   

 

Parameter   Value  
Channel type    Channel/Wireless channel   

Simulator    NS 2 (Version 2.35)  
protocols   DSR  

Simulation duration   900s  
Number of nodes   5,10,15,20,25 

Transmission range   250m  
Movement Model Reference point group 

mobility model and Random 
way point mobility model 

MAC Layer Protocol   802.11  
Pause Time (s)   0.20,40,60, 

Maximum speed   20  
Minimum  speed   0.5  

Packet Rate   4 packet/s  
Traffic type   CBR(Constant Bit Rate) 

Data Payload   512 bytes/packet 
Max of CBR connections   8,25,40 

Environment Size   800m * 500m  
 

 

 
Figure 3: Simulation parameters nam file 

(C)  Performance Parameters: 

The performance of routing protocol DSR is using the 
following important Quality of Services (QoS) metrics:   

1. Packet Delivery Ratio (PDR):  Packet delivery ratio is an 
important metric as it describes the loss rate that will be seen 
by the transport protocols, which run on top of the network 
layer. Thus the packet delivery ratio in turn reflects the 
maximum throughput that the network can support. It is 
defined in [21, 24] as the ratio between the number of packets 
originated by the application layer Constant Bit Rate(CBR) 
sources and the number of packets received by the Constant Bit 
Rate(CBR) sink at the final destination. It is the ratio of data 
packets delivered to the destination to those generated from the 
sources. It is calculated by dividing the number of packets 
received by destination through the number packet originated 
from the source.  

PDF = (Pr /Ps)*100  

where Pr is total Packet received & Ps is the total Packet sent.     

2.  Throughput: 

It is the average number of messages successfully delivered 
per unit time number of bits delivered per second [21,22,24].   

 
where N is the number of data sources. 

3. Average End-to-End Delay:  This includes all possible 
delays caused by buffering during route discovery latency, 
queuing at the interface queue, retransmission delays at the 
MAC, and propagation and transfer times [21]. It is defined as 
the time taken for a data packet to be transmitted across an 
MANET from source to destination.    

   D = (Tr –Ts), Where Tr is receive Time and Ts is sent Time. 

V. SIMULATION RESULTS AND ANALYSIS 

These simulations are using two mobility models that will 
be tested on DSR routing protocol scheme. The simulation time 
for every scenario is performing in 900 sec. and the simulated 
mobility network region is 800 m x 500 m rectangle with 250m 
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transmission range. The simulation will conducted in two 
unusual scenarios to achieve a good result and shows the 
differences of the performance for every   mobility model.  

RESULTS: 

The simulations are focusing in analyzing the performance 
on routing overhead, throughput and packet delivery ratio. The 
results also compared with Two mobility model that we had 
selected .The result will show the performance for every 
mobility model that had been selected. 

( a).  THROUGHPUT: 

Random Waypoint Model outperforms both RPGM in 
calculate the throughput which careful the hops performed by 
every packet. The high throughput is contributed the lower 
delay because of the lower number of hop. 

 
Figure 4: throughput versus number of nodes 

( b).  PACKET DELIVERY RATIO(PDR): 

Random Waypoint Model performed better in delivering 
packet data to destination by considering the pause time every 
time changing their directions and RPGM are decreased 
significant with the increasing of the number of nodes because 
the number of load is small and the traffic is not heavy. 

 
Figure 5: PDF versus number of nodes 

(C). AVERAGE END TO END DELAYS:  

it shows that the RPGM is generated the highest routing 
overhead compared with the Random way point mobility 
model due to the movement of the each Mobile Node( MN) are 
being enforced to the border of the simulation area before 
changing track. Random Waypoint Model performs lowest 
routing overhead and it’s good for the routing communication. 
 

 

 
Figure 6: Routing Overhead versus Number of Nodes 

CONCLUSION 

Three mobility model from random-based model group 
have been evaluated the performance with DSR routing 
protocol. Since, the earlier research has done a lot on doing 
research with this mobility model.   

The Random Waypoint Model is the best model which out 
performs both RPGM.The result organization that Random 
Waypoint produces the highest throughput but the throughput 
of the RPGM considerably falls over a period of time.  

 Advance study should be dedicated to the Random-based 
Mobility Model. The finding of patterns and behaviors within 
this model would facilitate recognize whether scenarios exist in 
our world that naturally use the Random-based Mobility 
Model. This model might not exactly represent any scenario in 
our world, simply because real Mobile Nodes (MNs) must 
travel around obstacles and along predefined paths. So, the 
upcoming researches have to done to study on the actual 
implementation of this model to identical set with presented 
environment.  
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Abstract— In current days Adhoc network is the wide area 
of research. A mobile ad-hoc network (MANET) is a self 
configuring infrastructure less network of mobile devices 
connected by wireless. Each device in a MANET is free to 
move independently in any direction, and will therefore 
change its links to other devices frequently. The 
information can pass from one place to another place 
through Mobile agents. A Mobile agent is a process that 
can transport its state from one environment to another, 
with its data intact, and be capable of performing 
appropriately in the new environment. The primary 
challenge in building a MANET is equipping each device to 
continuously maintain the information required to 
properly route traffic. Such networks may operate by 
themselves or may be connected to the larger Internet. 
There are different issues of mobile agents like Security, 
Fault Tolerance and Location management. But mainly 
Security is the main issue with mobile agents for Adhoc 
wireless network. 
However, scope of this paper is limited to “Analyze the 
Different Intrusion Detection Systems in Adhoc Network”. 
This paper studies the various solutions proposed by 
researchers for Intrusion detection systems in Adhoc 
network and analyze them on the basis of various 
parameters such as performance, requirements, complexity 
and cost etc. 
KEYWORDS: - Mobile agents, Security, Wireless Ad-hoc 
network, Intrusion detection system, Attacks in MANET 

I. INTRODUCTION  
A mobile ad hoc network (MANET) sometimes called a 
wireless ad hoc network or a mobile mesh network is a 
wireless network, comprised of mobile computing devices 
(nodes) that use wireless transmission for communication, 
without the aid of any established infrastructure or centralized 
administration such as a base station or an access point [1]-[4].  
A Mobile Ad hoc Network (MANET) is a collection of self 
configurable mobile node connected through wireless links. In 
MANET nodes which are within the range of each other can 
connect directly where as nodes which are not in the vicinity of 
each other rely on the intermediate node for communication.  
Some special characteristics of MANET like dynamic 
topology, fast deployment, robustness make this technology an 
interesting research area. Each node in MANET can work as a 

sender, receiver as well as router. Communication in the 
network depends upon the trust on each other. Communication 
can work properly if each node co-operate for data 
transmission.  
Unlike traditional mobile wireless networks, mobile ad hoc 
networks do not rely on any central coordinator but 
communicate in a self organized way. Mobile nodes that are 
within each other’s radio range communicate directly via 
wireless links, while those far apart rely on other nodes to relay 
messages as routers. In ad hoc network each node acts both as 
a host (which is capable of sending and receiving) and a router 
which forwards the data intended for some other node.  
Applications of ad hoc network range from military operations 
and emergency disaster relief, to commercial uses such as 
community networking and interaction between attendees at a 
meeting or students during a lecture. Most of these applications 
demand a secure and reliable communication. Vulnerability of 
channels and nodes, absence of infrastructure and dynamically 
changing topology, make ad hoc networks security a difficult 
task [4]. Broadcast wireless channels allow message 
eavesdropping and injection (vulnerability of channels). Nodes 
do not reside in physically protected places, and hence can 
easily fall under the attackers’ control (node vulnerability).   
In addition to this, the security of routing protocols in the 
MANET dynamic environment is an additional challenge. 
Most of the previous research on ad hoc networking has been 
done focusing only upon the efficiency of the network. There 
are quite a number of routing protocols proposed [5]-[7] that 
are excellent in terms of efficiency.  
The unique characteristics of ad hoc networks present a host of 
research areas related to security, such as, key management 
models, secure routing protocols, instruction detection systems 
and trust based models.  

II. ADHOC NETWORK 
What is Adhoc Network? It is basically a Latin Word which 

means “for this purpose”. An Adhoc Network is basically a 
small network like LAN which is built spontaneously as 
different Wireless Devices gets connected with each other [8]. 

Ad hoc networking holds several key challenges on its way 
towards practical exploitation. On the one hand there is the need 
to deal with constrained and varying bandwidth, limited 
resources in mobile devices, energy consumption, intermittent 
connectivity, and the diversity in device and display properties. 
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On the other hand, problems like multi-hop information routing, 
the need for effective security systems, and the design of 
platforms for collaboration and coordination are related to the 
complex interaction among a greater number of devices within 
a network [9]. 

 In an Adhoc Network no central dependency exists which 
means that there is no router or server for providing routing 
decisions, network monitoring, analysis and management. 
Every node in the network is connected via peer-to-peer and 
takes independent routing decisions. Example: An example of 
Adhoc Network is- A Military Network for communicating 
among various Wireless Devices in the Battlefield where there 
is no chance of Wired Connectivity. So in that case Adhoc 
Network provides scalability, flexibility, robustness and cheap 
way for communication. So seeing its potential Adhoc 
Networks can be used in different places like Sensor Networks, 
Law Enforcements, Shopping Malls, and Virtual Classrooms 
etc [8]. 

III. SALIENT FEATURES OF THE AD HOC WIRELESS 
NETWORKS 

A. Availability: - It ensures the survivability of network 
services despite denial of service attacks. A denial of service 
attack could be launched at any layer of a MANET. On the 
physical and media access control layers, an adversary could 
employ jamming to interfere with communication on physical 
channels. 

B. Integrity: -Integrity guarantees that a message being 
transferred is never corrupted. A message could be corrupted 
because of benign failures, such as radio propagation 
impairment, or because of malicious attacks on the network. 

C. Confidentiality: - Confidentiality [12] ensures that 
certain information is never disclosed to unauthorized entities. 
Network transmission of sensitive information, such as 
strategic or tactical military information, requires 
confidentiality 

D. Authentication: -Authentication enables a node to 
ensure the identity of the peer node it is communicating with. 
Without authentication, an adversary could masquerade a node, 
thus gaining unauthorized access to resource and sensitive 
information and interfering with the operation of other nodes. 

IV. CHALLENGES OF FEATURES OF THE MANET 
First, use of wireless links renders an ad hoc network 
susceptible to link attacks ranging from passive eavesdropping 
to active impersonation, message replay, and message 
distortion. Eavesdropping might give an adversary access to 
secret information, violating confidentiality. Active attacks 
might allow the adversary to delete messages, to inject 
erroneous messages, to modify messages, and to impersonate a 
node, thus violating availability, integrity, authentication, and 
non repudiation. Secondly, nodes, roaming in a hostile 
environment (e.g., a battlefield) with relatively poor physical 
protection, have non-negligible probability of being 
compromised. Therefore, we should not only consider 
malicious attacks from outside a network, but also take into 
account the attacks launched from within the network by 
compromised nodes [10],[11]. 

V. INTRUSION  DETECTION SYSTEM IDSS 
Intrusion detection system IDS is a guard system that 

automatically detect intrusions and malicious activities within a 
host or a network, and then report that for subsequent response. 
IDSs may work on a host level and becomes host-based, or on a 
network level (more than one host) and becomes network-
based. Depending on the detection techniques used, IDS can be 
classified into three main categories: signature-based, anomaly-
based and the hybrid of both. While anomaly-based IDS 
attempts to detect activities that diverge from the normal 
expected system behavior, signature-based IDS uses pre-known 
attack scenarios (or signatures) to match with incoming traffic 
[13], 14]. 

VI. IDS ISSUES WITH WIRED NETWOK 
Intrusion detection for traditional, wired networks has been the 
topic of significant research over the past few years. A problem 
arises, however, when taking the research for wired networks 
and directly applying it to wireless networks. Key assumptions 
are made when designing IDS s for wired networks, such as 
the difficulty for an attacker to penetrate the physical security 
of the system, the amount of network bandwidth available to 
the IDS, etc. Specific problems faced when building IDS for a 
mobile network are now addressed below [15]. 

1. Lack of Physical Wires 
2. Bandwidth Issues 
3. Difficulty of Anomaly/Normality Distinction 
4. Secure Communication Between IDS Agents 

 

VII. IDS ISSUES IN ADHOC NETWORK 
An ad hoc network consists of several mobile nodes that 
communicate with each other in the absence of base stations or 
fixed hosts [16]. The network is constantly changing its 
topology, that is, the nodes can move in and out of the network 
at random. If a node is out of range because of distance 
separation, other nodes in the network can work together to 
route messages to that node. These features present new 
problems when designing IDS for an ad hoc environment. 
They also represent a realistic view of what a mobile, tactical 
computing environment will have to look like on the battlefield 
of the 21st Century [15]. 

1. Lack of Centralized Access/Audit Point 
2. Possibility of a Node Being Compromised 
3. Difficulty Obtaining Enough Audit Data 

VIII. TYPES OF INTRUSION DETECTION SYSTEM 
A good intrusion detection system should not only conduct 
intensive processing for detecting intrusion, it will be better if 
the system rides on an intelligent routing protocol. There are 
different types of intrusion detection methods [17]: 

 Anomaly detection method 
 Misuse detection method 
 Host based intrusion detection 
 Network based intrusion detection 
 Online intrusion detection 
 Offline intrusion detection 
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A. Anomaly detection method  
It analyzes the user’s current session and compares them 

to the profile representing the user’s normal behavior 
statistically. It hypothesizes its detection upon the profile of a 
user’s (or a group of users’) normal behavior. It then reports 
any significant deviations to a designated system 
administrator. As it catches sessions which are not normal, 
this model is hence referred to as an 
“anomaly”detectionmode. 

 
 

Figure 1: Anomaly Detection System 
B. Misuse detection method  

This model bases its detection upon a comparison of 
parameters of the user’s session and the user’s commands to 
a rule base of techniques used by attackers to penetrate a 
system. This model looks for in a user’s behavior. Since this 
model looks for patterns known to cause security problems, it 
is called a “misuse” detection model. A typical misuse 
detection system takes in audit data for analysis and 
compares the data to large databases of attack signatures. The 
attack signatures are normally specified as rules with respect 
to timing information and are also referred to as known 
attack patterns. If any comparison between the audit data and 
the known attack patterns described resulted in a match, an 
alarm of intrusion is sounded. This type of detection systems 
is useful in networks with highly dynamic behavioral patterns 
but like a virus detection system, it is only as good as the 
database of attack signatures that it uses to compare with[17]. 

 
 

 
Figure 2: Misuse Detection System 

 

C. Host based intrusion detection (HIDS) 
Host-based systems  are concerned with what is 

happening on each individual host. They are able to  detect 
actions such as repeated failed access attempts or changes to 
critical system files, and normally operate by accessing log 
files or monitoring real-time system usage. In order for a 
HIDS to function, clients  have to be installed on every host 
in the network. These clients reside on the hosts as processes 
and perform analysis on the audit data gathered locally, at the 
expense of the already limited resources of the hosts. Hence 
care has to be taken to ensure that the HIDS client running on 
a host in an ad-hoc network does not  drain resources more 
than necessary[17].  

D. Network based intrusion detection 
 Network-based systems (NIDS) listen on the network, 

and capture and examine individual packets flowing through 
a network. They typically utilize a network adapter running 
in promiscuous mode to monitor and analyze all traffic in 
real-time as it travels  across the network. They use raw 
network packets as the data source. They are able to look at 
the payload within a packet, to see which particular host 
application is being accessed, and to raise alerts when 
attacker tries to exploit a bugin such code. NIDS are typically 
host-independent but can also be a software package installed 
on dedicated workstation. A side effect of NIDS is that its 
active scanning can slow down the network considerably 
[18]. Hence usage of it on an ad-hoc network needs to be 
evaluated [17]. 

 

E. Offline intrusion detection 
When a system is performing intrusion detection in 

offline mode, the audit data is not processed real-time but 
periodically. A host-based system will gather information 
about a host even if it is not connected to the network. Even 
if the host is connected, detection is done as scheduled by the 
system. A network-based system will monitor the network 
traffic of the hosts periodically as can be in the case of 
polling. Any intrusion detected is still immediately notified 
to other hosts but a delay is expected. A typical technique of 
an offline intrusion detection system is data mining [17]. 

F. Online intrusion detection 
When a system is performing intrusion detection in online 

mode, the audit data is processed real-time continuously. A 
host-based system will gather information about a host as 
long as the host is connected to the network. A network-
based system will monitor the network traffic of the hosts 
throughout the time they are connected. Any intrusion 
detected is immediately notified to other hosts[17]. 

IX. EXISTING INTRUSION DETECTION SYSTEMS 
IDSs on MANETs use a variety of intrusion detection methods. 
The most commonly proposed intrusion detection method to 
date is specification-based detection. This can detect attacks 
against routing protocols with a low rate of false positives. 
However, it cannot detect some kind of attacks, such as DoS 
attacks. There are also some anomaly-based detection systems 
implemented in MANETs. Unfortunately, mobility of 
MANETs increases the rate of false positives in these systems. 
There have been few signature-based IDSs developed for 
MANETs and little research on signatures of attacks against 
MANETs. Updating attack signatures is an important problem 
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for this approach. Some systems use promiscuous monitoring of 
wireless communications in the neighborhood of nodes. 
Intrusion Detection Systems (IDSs) for Mobile Ad hoc 
networks (MANETs) are indispensable since traditional 
intrusion prevention based techniques are not strong enough to 
protect MANETs. However, the dynamic environment of 
MANETs makes the design and implementation of IDSs a very 
challenging task Securing MANETs is just as important, if not 
more, as securing traditional wired networks. Existing solutions 
can be used to obtain a certain level of security. Nevertheless, 
these solutions may not always be suitable to wireless networks.  

A. Zone-based intrusion detection system 
It’s a kind of non-overlapping zone-based IDS. Here, the 

network is divided into zones based on geographic partitioning 
to save communication bandwidth while improving detection 
performance by obtaining data from many nodes. The nodes in 
a zone are called intra zone nodes, and the nodes which work 
as a bridge to other zones is called inter zone (gateway) nodes.  
As shown in Figure 3 there can be more than one gateway 
node in a zone, for instance the nodes 1, 6, 7 are gateway 
nodes in zone 5. Each node in the zone is responsible for local 
detection and sending alerts to the inter zone nodes.  

 
Figure 3:   Zone-Based IDS Architecture in MANETs 

 
Their framework aims to allow the use of different detection 
techniques in each IDS agent; however they use only Markov 
chain anomaly detection in their research. Intra zone nodes 
carry out local aggregation and correlation, while gateway 
nodes are responsible for global aggregation and correlation to 
make final decisions and send alarms.  
The alerts sent by inter zone nodes simply show an assessment 
of the probability of intrusion, the alarms generated by 
gateway nodes are based on the combined information 
received. In their aggregation algorithm, gateway nodes use the 
following similarities in the alerts to detect intrusions: 
classification similarity (classification of attacks), time 
similarity (time of attack happening and time of attack 
detection), and source similarity (attack sources). Source 
similarity is the main similarity used, so the detection 
performance of aggregation algorithm could de-crease with the 
increasing of the number of attackers [19].  
One of the contributions in this paper is MIDMEF (MANET 
Intrusion Detection Message Exchange Format) which defines 
the format of information ex-change between IDS agents. 
Previous work [22] analyzed how to consider mobility when 
designing IDS.  
The proposed IDS is simulated on the Glomo Sim simulator 
and evaluated using the following performance metrics: false 
positive rate, detection rate, and mean time of first alarm (a 
measure of how fast intrusion is detected). The system is 
trained and evaluated under different mobility levels and it is 
shown that the anomaly-based detection performs poorly due 
to the irregularity of data under high mobility. Furthermore, the 

presence of partial victims who do not receive all falsified data 
because of link breakages resulting from mobility [19] is 
claimed to make the detection more difficult. The advantages 
of an aggregation algorithm using the data from both partial 
and full victims are emphasized: lower false positive and 
higher detection rate than local IDS achieves. Nevertheless, its 
performance can decrease with the existence of more than one 
attacker in the network. They also conclude that 
communication overhead is increased in proportion to mobility 
where local IDS’s generate more false positives and send more 
intrusion alerts to gateway nodes. In addition, aggregating data 
and alerts at inter zone nodes can result in detection and 
response latency, when there is sufficient data for intrusion 
detection even at intra zone nodes. The authors plan to 
investigate further attack scenarios at the routing and other 
layers as well as constructing further security-related features 
and misuse-based detection approaches. 
 

B. Distributed and cooperative IDS 
It was the first IDS for Mobile Adhoc network proposed 

by Zhang and Lee. Here every node has an IDS agent which 
detects intrusions locally and collaborates with neighboring 
nodes through high confidence communication channels for 
global detection whenever available. When an intrusion is 
detected an IDS agent can either trigger a local response e.g. 
alerting the local user or a global response which coordinates 
actions among neighboring nodes.  
 Since expert rules can detect only known attacks and the rules 
cannot easily be updated across a wireless ad hoc network, 
statistical anomaly-based detection is chosen over misuse-
based detection.  A multi-layer integrated intrusion detection 
and response is proposed allowing different attacks to be 
detected at the most effective layer. It is believed to achieve a 
higher detection rate with a lower false positive rate.  The 
RIPPER and SVM-Light classification algorithms are used. In 
their subsequent research [21], these algorithms are evaluated 
on three routing protocols: AODV, DSR and DSDV. 
Every node has to have a built-in Global Positioning System to 
obtain this mobility data. It is emphasized that it can be applied 
to all routing protocols since it uses the minimal routing 
information. It also allows addition of new features for a 
specific protocol. From the security point of view the system is 
reliable unless the majority of nodes are compromised [20]. 
Furthermore, the collaborative detection mechanism can be 
prone to denial of service and spoofed intrusion attacks [23]. 
 

C. Specification-based IDS for AODV  
It was the first specification-based IDS in MANETs. It 

was proposed by Tseng et al. [24]. Here researchers use 
network monitors (NM) which are assumed to cover all nodes. 
Nodes moving out of the current network monitoring area are 
also assumed to move into range of other network monitors. 
Other assumptions are:  

  Network monitors know all nodes’ IP and MAC 
addresses, and MAC addresses cannot be forged. 

 Network monitors and their messages are secure. 
 If some nodes do not respond to broadcast messages, 

this will not cause serious problems.  
Network monitors employ finite state machines (FSM) as 
specifications of the operations of AODV, especially for the 
route discovery process, and maintain a forwarding table for 
each monitored node. Each route request (RREQ) and route 
reply (RREP) message in the range of the network monitor is 
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monitored in a request-reply flow. When a network monitor 
needs information about previous messages or other nodes not 
in its range, it can ask neighboring network monitors. In high 
mobility conditions the communication between network 
monitors increases since monitored nodes or/and packets 
frequently move out of the range of the monitoring node.  
The authors also modify the AODV routing protocol by adding 
a new field: the previous node. Since RREQs are broadcast 
messages, it is necessary to keep track of the RREQ path. The 
previous node is needed to detect some kind of attacks such as 
sending an RREP to a node that is not on the reverse route 
[24].  
Future work includes experimentation via NS-2 network 
simulation, profiling network QoS (Quality of Service) to 
reduce false positives by separating packet loss, packet error, 
and packet generation through defining reasonable thresholds 
for the current profile, and refining NM architecture using via a 
P2P (peer-to-peer) approach. This is a promising approach that 
can detect both known and unknown attacks against routing 
protocols which have clearly defined specifications. It is 
claimed to detect most of the attacks with minimum overhead 
in real time. However, some of the assumptions accepted in 
this paper are not very realistic. Scalability is one of the 
important features on many MANET applications where the 
nodes can join and leave network independently and   move 
frequently.  
 

D. LIDS Architecture 
Researchers have implemented a feasibility prototype of the 

below architecture [9]. The first results obtained with this 
prototype are encouraging and the architecture seems well 
adapted to ad hoc networks. We are now studying the detection 
of five main attacks against the OLSR (Optimized Link State 
Routing) protocol (a table driven ad hoc routing protocol) and 
the response to give to such intrusions. An implementation of 
OLSR is available for IPv4 and it’s adaptation to IPv6 is on its 
way. Our final goal is to use a fully IPv6 MANET in order to 
benefit from the security and auto configuration aspects it 
proposes.  

 

 Figure 4: LIDS Architcture 
 

LIDS have some features: - 
 Flexibility in Mobility  
 Conservative in Resource constraints  
  Interoperability   
 Fault tolerance  

 

E. IDS architecture 
In [26] Researcher discussed several new issues and ideas 

that must be addressed when designing Intrusion Detection 
Systems for mobile, ad hoc networks. Research that has been 
done on wired, static IDS s can be helpful when designing IDS 
for wireless networks, but the ideas discussed in this paper must 
be addressed when applying them to this new environment. 
Also, a basic architecture was described that took into account 
some of the ideas presented earlier in the paper.  

 

 

 Figure 5: Mobile IDS Agent[12] 

This architecture might prove helpful in networks that are 
dynamic in nature, such as a group of tanks roaming in the 
desert, emergency response teams, and law enforcement. Future 
work includes implementation of such an IDS architecture and 
testing its effectiveness in mobile, Adhoc environments.  

F. Hybrid intrusion detection system 
In [26] Wireless ad-hoc networks have brought about a 

paradigm shift in the way we think about intrusion detection. In 
this paper, Researchers have provided an introduction to 
wireless ad-hoc networks. We then proceeded to provide an 
introduction to intrusion detection in the context of wireless ad-
hoc networking.  

 

 Figure 6: Hybrid Intrusion Detection System[26] 
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Having understood the implications and problems in 
performing intrusion detection in this new environment, we 
performed a survey on the existing methods for intrusion 
detection and listed four techniques that we deemed are suitable 
for the wireless ad-hoc environment. We ended by proposing a 
hybrid intrusion detection system that allows the different 
techniques that we have identified to be incorporated into the 
system s. It has some features: 

 Flexibility in Mobility  
 Conservative in Resource constraints  
  Scalability  
  Interoperability   
 Fault tolerant  
 Reliable 
 Heavy weight 

X. CONCLUSION 
This paper is based on the “ANALYSIS OF DIFFERENT 

INTRUSION DETECTION SYSTEMS IN ADHOC 
NETWORK”. Here we try to explain the main issue of security 
with the help of different intrusion detection systems in Adhoc 
Network. We also argue that the existing approaches are not 
efficient and they still have some disadvantages and drawbacks. 
Based on this conclusion, we present different existing 
approaches of intrusion detection and give a future work 
direction for Adhoc network.  
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Abstract- Much research in human face recognition involves 

front-parallel face images, constrained rotations in and out of the 

plane, and operates under strict imaging conditions such as 

controlled illumination and limited facial expressions. The 

automatic recognition of human faces presents a significant 

challenge to the pattern recognition research community. 

Typically, human faces are very similar in structure with minor 

differences from person to person. They are actually within one 

class of human face. Furthermore, lighting condition changes, 

facial expressions, and pose variations further complicate the 

face recognition task as one of the difficult problems in pattern 

analysis. This paper proposed a novel concept; “face recognition 

by LEM with generic line segment”. A compact face feature, 

Line Edge Map (LEM), is generated for face coding and 

recognition. The system performances are compared with the 

eigenface method, one of the best face recognition techniques, 

and reported experimental results of other methods. A face pre-

filtering technique is proposed to speed up the searching process. 

It is a very encouraging finding that the proposed face 

recognition technique has performed superior to the eigenface 

method in most of the comparison experiments. This research 

demonstrates that LEM together with the proposed generic line 

segment Hausdorff distance measure provide a new way for face 

coding and recognition.  

 
Keywords- Face recognition, line segment Hausdorff distance, 

line edge map, eigenface method, generic line segment. 

 

I. INTRODUCTION 

 

Automated face recognition (AFR) has attracted much interest 

over the past few years. Such interest has been motivated by 

the growth in applications in many areas, including face 

identification in law enforcement and forensics, user 

authentication in building access or automatic transaction 

machines, indexing of, and searching for, faces in video 

databases, intelligent user interfaces, etc. Computerized 

human face recognition has been an active research area for 

the last 20 years. It has many practical applications, such as 

bankcard identification, access control, mug shots searching, 

security monitoring, and surveillance systems [1]. Face 

recognition is used to identify one or more persons from still 
images or a video image sequence of a scene by comparing 

input images with faces stored in a database. It is a biometric 

system that employs automated methods to verify or recognize 

the identity of a living person based on his/her physiological 

characteristic. In general, a biometric identification system 

makes use of either physiological characteristics (such as a 

fingerprint, iris pattern, or face) or behavior patterns (such as 

handwriting, voice, or key-stroke pattern) to identify a person. 

Because of human inherent protectiveness of his/her eyes, 

some people are reluctant to use eye identification systems.  

Face recognition has the benefit of being a passive, 

nonintrusive system to verify personal identity in a natural and 

friendly way.  

II. BACKGROUND 

 
This section overviews the major human face recognition 

techniques that apply mostly to frontal faces. The methods 

considered are eigenface (eigenfeature), neural network, 

dynamic link architecture, hidden Markov model, geometrical 

feature matching, and template matching. The approaches are 

analyzed in terms of the facial representations they used. 

Eigenface is one of the most thoroughly investigated 

approaches to face recognition. It is also known as Karhunen- 

LoeÁve expansion, eigenpicture, eigenvector, and principal 

component. Sirovich and Kirby [5] and Kirby et al. [6] used 

principal component analysis to efficiently represent pictures 

of faces. They argued that any face images could be 

approximately reconstructed by a small collection of weights 

for each face and a standard face picture (eigenpicture). The 

weights describing each face are obtained by projecting the 

face image onto the eigenpicture. Turk and Pentland [7] used 

eigenfaces, which was motivated by the technique of Kirby 
and Sirovich, for face detection and identification. In 

mathematical terms, eigenfaces are the principal components 

of the distribution of faces, or the eigenvectors of the 

covariance matrix of the set of face images. The eigenvectors 

are ordered to represent different amounts of the variation, 

respectively, among the faces. Each face can be represented 

exactly by a linear combination of the eigenfaces.  

It can also be approximated using only the best eigenvectors 

with the largest eigenvalues. The best M eigenfaces construct 

an M dimensional space, i.e., the face space. The authors 

reported 96 percent, 85 percent, and 64 percent correct 

classifications averaged over lighting, orientation, and size 

variations, respectively. Their database contained 2,500 

images of 16 individuals. As the images include a large 

quantity of background area, the above results are influenced 

by background. The authors explained the robust performance 

of the system under different lighting conditions by significant 
correlation between images with changes in illumination. 

However, Grudin [26] showed that the correlation between 

119

mailto:1forever_ravi123@yahoo.co.in


images of the whole faces is not efficient for satisfactory 

recognition performance. Illumination normalization [6] is 

usually necessary for the eigenface approach. Zhao and Yang 

[4] proposed a new method to compute the covariance matrix 

using three images each taken in different lighting conditions 

to account for arbitrary illumination effects, if the object is 

Lambertian. Pentland et al. [8] extended their early work on 

eigenface to eigenfeatures corresponding to face components, 

such as eyes, nose, and mouth. They used a modular 
eigenspace which was composed of the above eigenfeatures 

(i.e., eigeneyes, eigennose, and igenmouth). 

 

III. LINE EDGE MAP 

 

Cognitive psychological studies [48], [49] indicated that 

human beings recognize line drawings as quickly and almost 

as accurately as gray-level pictures. These results might imply 

that edge images of objects could be used for object 

recognition and to achieve similar accuracy as gray-level 

images. TakaÂcs [2] made use of edge maps, which was 

motivated by the above finding, to measure the similarity of 

face images. The faces were encoded into binary edge maps 

using Sobel edge detection algorithm.TheHausdorff distance 

was chosen to measure the similarity of the two point sets, i.e., 

the edge maps of two faces, because the Hausdorff distance 

can be calculated without an explicit pairing of points in their 
respective data sets. The modified Hausdorff distance in the 

formulation of 

 

h(A,B)=                  

 

was used, as it is less sensitive to noise than the maximum or 

kth ranked Hausdorff distance formulations. A 92 percent 

accuracy was achieved in their experiments. TakaÂcs argued 

that the process of face recognition might start at amuchearlier 

stageandedge images can be used for the recognition of faces 

without the involvement of high-level cognitive functions. 
 

 

 

 

 

Fig. 1 An illustration of a face LEM. 

The Hausdorff distance uses only the spatial information of an 

edge map without considering the inherent local structural 

characteristics inside such a map. Bruneli and Poggio [21] 

argued that successful object recognition approaches might 

need to combine aspects of feature-based approaches with 

template matching method. This is a valuable hint for us when 

proposing a Line Edge Map (LEM) approach which extracts 

lines from a face edge map as features. This approach can be 

considered as a combination of template matching and 

geometrical feature matching. The LEM approach not only 

possesses the advantages of feature-based approaches, such as 

invariant to illumination and low memory requirement, but 

also has the advantage of high recognition performance of 

template matching. The above three reasons together with the 

fact that edges are relatively insensitive to illumination 

changes motivated this research. A novel face feature 

representation, Line Edge Map (LEM), is proposed here to 
integrate the structural information with spatial information of 

a face image by grouping pixels of face edge map to line 

segments. After thinning the edge map, a polygonal line 

fitting process [42] is applied to generate the LEM of a face. 

An example of a human frontal face LEM is illustrated in Fig. 

1. The LEM representation, which records only the end points 

of line segments on curves, further reduces the storage 

requirement. Efficient coding of faces is a very important 

aspect in a face recognition system. LEM is also expected to 

be less sensitive to illumination changes due to the fact that it 

is an intermediate-level image representation derived from 

low-level edge map representation. The basic unit of LEM is 

the line segment grouped from pixels of edge map. In this 

study, we explore the information of LEM and investigate the 

feasibility and efficiency of human face recognition using 

LEM.  

 
Fig. 2 Line displacement measures. 

 

A novel Line Segment Hausdorff Distance (LHD) measure is 

then proposed to match LEMs of faces. LHD has better 

distinctive power because it can make use of the additional 

structural attributes of line orientation, line-point association, 

and number disparity in LEM, i.e., it is not encouraged to 

match two lines with large orientation difference, and all the 

points on one line have to match to points on another line 

only. 
 

IV. LINE SEGMENT HAUSDORFF DISTANCE 

 

A novel disparity measure, Line Segment Hausdorff Distance 

(LHD), is designed to measure the similarity of face LEMs. 

The LHD is a shape comparison measure based on LEMs. It is 

a distance defined between two line sets. Unlike most shape 

comparison methods that build a one-to-one correspondence 

between a model and a test image, LHD can be calculated 

without explicit line correspondence to deal with the broken 

line problem caused by segmentation error. The LHD for 

LEM matching is more tolerant to perturbations in the 

locations of lines than correlation techniques since it measures 
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proximity rather than exact superposition. Given two LEMs 

= { ,  (representing a model LEM in 

the database) and = { ,  (representing an input 

LEM), LHD is built on the vector ( , ) that represents the 

distance between two line segments  and . The vector is 

defined as 

 

, )=  

 

 

Where ( , ), ( , ), ( , ), are the orientation 

distance, parallel distance, and perpendicular distance, 

respectively. All these three entries are independent and 

defined as 

 

( , )=f ( (( , ))                                        (1) 

( , )=min ( )                                     (2) 

( , )=                                                    (3) 

 

 

 

 

 

Fig. 3 Choices of rotation. (a) Two lines to be measured. (b) Rotate the shorter 

line. (c) Rotate the longer line. (d) Rotate both lines half of their angle 

difference in opposite direction. Solid lines represent lines before rotation. 

Dashed lines represent lines after rotation. The line with arrows illustrates the 

angle difference of the two segments. 

 

( , ) computes the smallest intersecting angle between 

lines  and .f () It is desirable to ignore small angle 

variation but penalize heavily on large deviation. In this study, 

the quadratic function f(x) = /W is used, where W is the 

weight to be determined by a training process. The designs of 

the parallel and perpendicular displacements can be illustrated 

with a simplified example of two parallel lines,  and , as 

shown in Fig. 2. ( , ) is defined as the minimum 

displacement to align either the left end points or the right end 

points of the lines. ( , ) is simply the vertical distance 

between the two lines. In general,  and . Would not be 

parallel, but one can rotate the shorter line with its midpoint as 

rotation center to the desirable orientation before computing 

( , ) and ( , ). The shorter line is selected to 

rotate because this would cause less distortion to the original 

line pair, as illustrated in Fig. 3. In order to cater for the effect 

of broken lines caused by segmentation error and alleviate the 

effect of adding, missing, and shifting of feature points (i.e., 

end points of line segments) caused by inconsistency of 

feature point detection, the parallel shifts  and  are reset 

to zero if one line is within the range of the other, as shown in 

Fig. 4. Finally, the distance between two line segments  and 

 is defined as 

 

d( , )=      (4) 

 

A primary line segment Hausdorff distance (pLHD) [3] is 

defined as 

 

=max (h , h ),                 (5) 

 

Where 

 

h = .                (6)

  

And is the length of line segment in the calculation of 

(6), the distance contribution from each line is weighted by 

Fig. 4 All cases with  

its length. In the definition of (2), it can be found that the 

displacement distance (Fig. 2) depends on the smaller distance 

between the left/right end points of the two line segments to 

be matched, which means the measure only reflects the 

smallest shift of the two line end points. If one of the line end 

points is consistently detected and the other one shifts, the 

displacement distance is almost zero no matter how far the 

other end point shifts. This helps to alleviate the problem of 

shifting feature points. 
A high confident line ratio ® of an image is defined as the 

ratio of the number of high confident line  to the total 

line number in the LEM ). 

 

 R=                                              (7) 

Hence, a complete version of LHD integrated with number 

disparity is defined as (8) by taking the effect of similarity 

neighborhood into account. 

 

,  (8) 

 

Where  is the pLHD defined in (5) and  is the 

weight of number disparity  .The number disparity is 
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defined as the average ratio, the number of lines located 

outside the similarity neighborhood to the total line number, 

of the two LEMs to be compared as 

 

,               (9) 

Where  and  are the high-confident line ratio of the 

model and the test LEMs, respectively. 

 

V. FACE PREFILTERING 

 

In a face identification system, searching is the most 

computationally expensive operation due to the large number 

of images available in the database. Therefore, efficient search 
algorithms are a prerequisite of identification systems. In most 

systems, face features are extracted/ coded offline from the 

original images, and stored in the face feature database. In 

identification, the same features are extracted from the input 

face and the features of the input images are compared with 

the features of each model image in the database. Apart from 

adopting a fast face matching algorithm, a pre-filtering 

operation can further speed up the search by reducing the 

number of candidates and the actual face feature matching, 

LEM matching in this work, should only be carried out on a 

subset of target images.  

Due to the high similarity of human faces, fast pre-filtering 

based on image features is a very difficult task and is usually 

neglected or avoided. This study is believed to be the first 

piece of work on face image pre-filtering.  

 

A. Pre-filtering Signature 
The LEM of a human face contains rich identity information. 

In order to speed up the search process, a pre-filtering 

signature, , is generated using the length and weighted 

orientation features of a face LEM as 

 

 =                                    (10) 

Where Г is the total length of the face LEM and is the 
weighted orientation defined as 

 

 Ѳ=                                   (11) 

Where li is the length of the line segment in the face LEM 

and  is the angle of the  line segment if it is less than 90 

degrees. The reason that only those line segments whose < 

are taken into account of the  calculation is given as 
follows. 

 

B. Pre-filtering Criteria 

Consider two pre-filtering signatures  and , where a 

signature vector of input face for inquiry is and  is a 
signature vector of model face in the database. The process 

needs to decide whether the model face can be selected as one 

of the possible candidates corresponding to the input. The 

error vector ( ) between the input signature ( ) and the 

model signature    ( ) is considered as an observable value. 
 

= = = =                             (12) 

 

The probability that  falls in the elliptic region  of 
parameter d is given by 

 

F(d)=Pr( )=       (13) 

 

Let 

 = ,                                   (14) 

The equation of constant density contour can be rewritten as 

       (15) 

The pre-filtering criteria can be described as follows: If the 

error vector  between the input and the model satisfies the 
equation. 

 

                  (16) 

 

The model is classified as the potential identical face of the 

input, and selected as the candidate for the following actual 

face matching. Otherwise, the model is not considered. 

 

VI. EXPERIMENTAL RESULTS 

 

The AR face database was used for training to obtain the 

necessary values of   and  in the pre-filtering equation 
(17). Then, the pre-filtering system was tested using the above 

two face databases by varying the desired true acceptance rate 

F (d). 
 

TABLE I 

AR Face Database Training Results 

 
 

The training results are summarized in Table I. The near zero 

value of p, the correlation coefficient between the two 

features, indicates that   and  are nearly independent.  
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Since two independent features provide the maximum 

classification capability, the proposed signature is thus the 

optimal selection in terms of the relationship between the two 

components. The actual mean vector of the error bivariate 

signature obtained from the training database is a nonzero 

vector, though it is assumed zero.  

This bias could be caused by the environmental changes 

between acquiring the model images and the inputs. All the 

inputs were taken in the second session, which is 14 days after 
obtaining the model images in the first session. The error 

vectors were computed as input signatures minus model 

signatures.  

 
TABLE II 

Pre filtering Results on AR Face Database 

 

The system filtered out 22.02 percent of non identical faces 

while keeping 99.11 percent of identical faces in the 

experiment on AR face database. A much better result was 

obtained from the experiment on the face database. The true 

acceptance rates in Table 13 were higher than the desired true 

acceptance rates (F(d)). The filter out rate was as high as 

51.95 percent while preserving 100 percent of the identical 

faces. The underlying reason is that the identical face variation 

(i.e., the standard deviation) in this database is smaller than 

that in the training data. Considering the high similarity of 

human faces and the extremely low dimensions (only 2 

dimensions) of the signature, the results are satisfactory. The 

pre filtering algorithm is one of the pre processes for the LEM 

matching.  

VII. CONCLUSION 

 

The proposed LEM is a novel compact face feature 

representation generated from face edge map. It is less 

sensitive to illumination changes and only requires less than 

30 percent storage space of face edge map. A novel Line 

Segment Hausdorff Distance (LHD), which incorporates 

spatial information, structural information of line orientation 

and line point association, and number disparity, is proposed 

for face dissimilarity measuring. It is a very encouraging 

finding that the proposed LEM face recognition approach can 

achieve higher recognition accuracy than the edgemap 

approach with much less storage requirement and 

computational time. Experiments on frontal faces under 
controlled/ideal conditions indicate that the proposed LEM is 

consistently superior to edge map. LEM correctly identify 100 

percent and 96.43 percent of the input frontal faces on face 

databases [33] and [34], respectively. Compared with the 

eigenface method, the most widely used baseline for face 

recognition, LEM performed equally well as the eigenface 

method for faces under ideal conditions and significantly 

superior to the eigenface method for faces with slight 

appearance variations. Moreover, The LEM approach is much 

more robust to size variation than the eigenface method and 
the edge map approach.  

 
TABLE III 

Pre filtering Results 

 

 

 

 

Beside the recognition under controlled/ideal condition, this 

research also covers the three difficult issues in face 

recognition field, i.e., recognizing a face under 1) varying 

lighting condition, 2) varying facial expression, and3) varying 

pose. The sensitivity investigation on the proposed LEM to 

lighting condition and facial expression shows that the LEM 

and the edge map are relatively insensitive to lighting changes 

to certain extent though the effect does exist. The proposed 
LEM approach is more robust to lighting condition variations 

than the edge map approach. The effect on recognition rates 

when one light is on creates only 3.57 to 5.36 percent decrease 

for the LEM method but 6.25 to 15.18 percent decrease for the 

edge map method. It is shown that the LEM approach 

performed significantly superior to the eigenface approach for 

identifying faces under varying lighting condition. The LEM 

approach is also less sensitive to pose variations than the 

eigenface method but more sensitive 

to large facial expression changes. In the identification 

experiment under multiple appearance changes, the proposed 

LEM approach performed better than the eigenface, eigenface 

without the first three eigenvectors, correlation, and linear 

subspace methods, while the performance of the edge map 

approach was the worst. Wehave proposed a face prefiltering 

algorithm that can be used as a preprocess of LEM matching 

in face identification applications. The prefiltering operation 
can speed up the search by reducing the number of candidates 

and the actual face (LEM) matching is only carried out on a 

subset of remaining models. Nearly 1 million matches/sec 

prefiltering speed on a SGI Octane workstation with 300MHz 

and 512MB of RAM is achieved. Because of the high 

similarity of human faces, fast prefiltering based on image 

features is a difficult task and is usually neglected or avoided. 

This work has demonstrated that face image prefiltering is 

indeed a practical solution to speed up the image searching by 

carefully selecting/generating proper representation features. 

This is believed to be the first piece of work on face image pre 

filtering. Investigations on exploring more distinctive features 

and efficient representation forms are interesting future work 
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to fine tune the approach. In summary, this work has proven 

the proposed new concept: ªFaces can be recognized using 

Line Edge Map.” It provides a new way for human face 

coding and recognition, which is robust to lighting condition 

changes and size variations. It is a very attractive finding that 

the proposed face recognition technique has performed 

superior to the well-known eigenface method in most of the 

comparison experiments. 
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Abstract—In this paper, we discuss various OWA (Ordered 

Weighted Averaging) operators used in aggregating a given set of 

values for Multi-Criteria Decision Making (MCDM) and Group 
Decision Making (GDM) problems.   

Keywords-OWA, OWG, IOWA, EOWA, AOWA, Linguistic 

Quantifiers  

I.  INTRODUCTION  

The problem of evaluating an overall decision function is of 
critical importance in many fields. In classical binary logic 
there are two extremes; “and”, where all the criteria should be 
met, and “or”, where at least one of the criteria should be met. 
In 1988, Yager[1] proposed OWA operator for aggregation in 
MCDM to form an overall decision function, which lies 
between the two extremes. However, as shown in [3,4], the 
proper aggregation operator of ratio-scale measurements is the 
geometric mean and not the arithmetic mean. In 2000, 
Chiclana[2] introduced OWG (Ordered Weighted Geometric) 
operator for ratio-scale measurements. It combines the concept 
of geometric mean with OWA operator. 

In 2007, Chiclana[5] extended the functionality of OWA 
operator by inducing the weighing vector associated with it. 
Importance IOWA (I-IOWA) operator applies the ordering of 
the argument values based upon the importance degree of the 
information sources. Consistency IOWA (C-IOWA) operator 
applies the ordering of the argument values based upon the 
consistency index value of the information sources. Preference 
IOWA (P-IOWA) operator applies the ordering of the 
argument values based upon the relative preference values 
associated to each one of them.  

In 2008, Zarghami[6] introduced linguistic quantifiers in 
the importance degrees and hence EOWA (Extended OWA) 
operator. To obtain the corresponding crisp values, defuzzying 
is achieved using max-membership method. It has difficulties 
in dealing with uncertain arguments, which includes optimistic 

and pessimistic information. Therefore, in 2012, Suo[7] 
incorporated interval theory to represent the uncertain 
arguments, and COG (Center Of Gravity) method for 
defuzzying, in conventional OWA operator. This was named 
AOWA (Advanced OWA) operator.      

 

II. OWA OPERATOR 

In many cases of formulation of multiple criteria decision 

functions the type of aggregation implicitly desired by a 
decision maker is neither the pure “anding” of t-norm nor the 

pure “oring” of s-norm. The type of aggregation desired lies 

somewhere between the two extremes. In 1988, Yager[1] 

developed the OWA operator, which is of the desired type. 

A. Definition 

OWA operator of dimension n is defined as a mapping  
 

F : In → I (where I = [0,1]) 
 

with associated weighing vector W , 
 

   

 
 
 
 
 
  
  
 
 
   
 
 
 
 

 

 

such that 
 

1. Wi  ϵ [0,1] 
2. Σ Wi = 1 

3. F( a1,a2, . . . ,an) = w1*b1 + w2*b2 + . . wn*bn  

    where bi is the ith largest element in the collection a1, a2, . . 

,an 
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The weighing vector can be obtained by two approaches. In the 

first approach some kind of learning mechanism is used. In the 

second approach some kind of semantics is given to each of the 

Wi’s. In this approach we calculate weights using the linguistic 

quantifier Q(r) =rα where α є [0, 1], as 
 

 

     
 

 
     

   

 
  

 

(1) 

 

 

B. Properties of OWA Operator 

In this section we explain the properties of OWA operator. 

First, OWA operators are monotonic with respect to argument 

values. Assume F is an OWA operator. Let A = [a1, . . . ,an ] be 

an ordered argument vector. Let B = [ b1, . . . ,bn] be a second 

ordered argument vector such that for each j  
 

aj ≥ bj 
 

then F( A ) ≥ F( B). 
 

Second, assume F is an OWA operator. Then F(a1, . . . , an) = 

F(A1, . . . , An) where (A1, . . . , An) is any permutation of the 
elements in (a1, . . . , an). 
 

Third, all OWA operators are idempotent in the sense that if  

aj = a, for all j =1,. . . ,n, then 
 

F( a1, a2, . . , an) = a. 
 
 

Lastly, OWA operator lies between “or” & “and”. 

C. Example 

Assume F is an ordered weighting averaging operator of 

size  

n = 4 with weighting vector, 

    

   
   
   
   

  

 
 

Calculate F(0.6, 1, 0.3, 0.5) . 

In this case the ordered argument vector B is 
 

    

   
   
   
   

    

 

 
 

F( 0.6,0.1,0.3,0.5)=W’B 

                             =(0.2)(1) +(0.3)(0.6) +(0.1)(0.5) +(0.3)(0.4)  

                 = 0.55 

D. Applications 

Till date, OWA operator has been used to solve many real 

life MCDM and GDM problems. Some of these include the 

Doctoral Student Selection problem [8], using OWA operator 

in Minkowski distance [9], in data mining as data modeling 
and re-identification [10], information retrieval using 

metasearch [11], sports management [12], etc. 

III. OWG OPERATOR 

The appropriate operator for ratio-scale measurements is 
geometric mean and not the arithmetic mean as shown in [3,4]. 
OWG operator, proposed by Chiclana[2] in 2000, combines the 
concept of geometric mean with OWA operator for ratio-scale 
measurements. The geometric mean operator is the 
conventional aggregation operator to combine ratio-scale 
judgments in MCDM problems which guarantees the 
reciprocity property of multiplicative preference relations. 

A geometric mean operator of dimension m is a function 

g : Rm → R; defined as 

 
                  

 
 

 

   
  

 

 

(2) 

 

 

A. Definition 

An OWG operator of dimension m is a function, ɸG : Rm → 
R,  that has associated a set of weights or exponential 

weighting vector W = [w1, . . ., wm] such that, 

1. wi ϵ [0,1] 

2. Σ wi = 1 

and is defined for aggregating a list of values {a1, . . ., am) 

according to the following expression,  

 
                   

  
 

   
 

 

(3) 

 

where C is the associated ordered value vector, and each 

element ci ϵ C is the ith largest value in the collection a1, . . . , 

am. 

B. Solving MCDM problems using OWG operator 

MCDM problem is solved in two stages: Aggregation and 
Exploitation. In aggregation phase, a collective multiplicative 
preference relation, Ac, is obtained, which indicates the 
preference of majority of the experts. 

       
   

   
     

     
        

   , 

where   
  is the OWG operator guided by the fuzzy 

quantifier Q. 

In exploitation phase, the collective multiplicative 
preference relation is transformed into a global ranking of 
alternatives. The OWG operator is applied to each row of Ac, 
obtained in the previous phase, to obtain the choice degree of 
each alternative. 

C. Example 

To demonstrate, we reproduce the following example from 
[2]. 

Assume that we have a set of four experts, E = {e1, e2, e3, e4}, 
and a set of four alternatives, X = {x1, x2, x3, x4}. Suppose that 
experts supply their opinions by means of the following 
multiplicative preference relations: 

We thank the Department of Computer Science, IGIT, for providing a 

productive environment for the completion of our research.   
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In the decision process we use the fuzzy majority criterion 
with the fuzzy quantifier "at least half ", with the pair (0, 0.5), 
and the corresponding OWG operator with the weighting 

vector,    
 

 

 

 
   . 

The result of the aggregation phase is: 

    

 
 
 
     

 
   
 

 

 
    

 

 

 

 

 
  
 
 
 
 

Weighing vector associated with exploitation is  
 

 

 

 
  . 

The result of the exploitation phase is: 

               

D. Applications 

Providing the benefits of ratio-scale measurements, the 

OWG operator has been applied in selection of human 

resources problem [13], evaluating alternative schemes for 

managers in project management [14], the selection of 

financial products [15], etc. 
 

IV. I-IOWA OPERATOR 

In OWA operator, the ordering of arguments is based on 
the argument values, and not on the relevance of information 
sources. In 2007, Chiclana[5] extended OWA operator, to 
incorporate the same as Induced OWA(IOWA) operator. 
Importance-IOWA (I-IOWA) operator is a type of IOWA 
operator. While the OWA operator orders the arguments based 
on their values, I-IOWA operator orders them on the basis of 
importance factor associated with information sources. Since 
the reordering is based on explicit importance weights, hence 
the name Importance-Induced OWA operator, and the MCDM 
problem is heterogeneous. 

A. Definition 

If a set of experts, E = {e1, . . . , em}, provide preferences 
about a set of alternatives, X = {x1, . . . , xn}, by means of the 
fuzzy preference relations, {P1, . . . , Pm}, and each expert ek 
has an importance degree, µI(ek) ϵ [0,1], associated to him or 

her, then an I-IOWA operator of dimension n, ɸ
 
 

, is an IOWA 

operator whose set of order inducing values is the set of 
importance degrees.  

 
  
                        

 

   

       
(4) 

 

being  : {1,. . .,n} → {1,. . .,n} a permutation such that  

uσ(i)   uσ i+     

B. Solving GDM problems using I-IOWA operator  

As seen in (4) above, the ordering of argument values 
is done on the basis of importance value of information source, 
µI(ek) and then these multiplied by the corresponding weights. 
The weighting vector associated with I-IOWA operator uses a 
linguistic quantifier Q, and is calculated as follows: 

 
     

    

    
     

      

    
  

 

(5) 

 

where             
 
   , and σ is the permutation used to 

produce the desired reordering of argument values. 

C. Example 

Using the example given in [5], we demonstrate the 
application of I-IOWA operator.   

Suppose three experts provide the following fuzzy 

preference relations on a set of three alternatives 
 

     
           
           
           

 ,      
           
           
           

 ,  

 

     
           
           
           

 , 

 

if we aggregate them by using an I-IOWA operator guided by 

the fuzzy linguistic quantifier “most of” defined by Q(r) = r1/2, 

whose importance degree of information source is (2.12, 1.01, 

1.37), and expression (4), the collective fuzzy preference 

relation is 

PC =      
                                 

        +         +          

=  
           
           
           

  

D. Applications 

Giving explicit importance to the information sources, the 

I-IOWA operator has been incorporated in metasearch engines 

[16], where the underlying search engines are given 

importance values, according to which the argument values 

are reordered and aggregated. This results in an improved 

performance and increased efficiency. 
 

V. C-IOWA OPERATOR 

Consistency-Induced OWA (C-IOWA) operator is another 

type of IOWA operator proposed by Chiclana[5] in 2007. In I-

IOWA operator explicit importance degrees are assigned to 

the experts, i.e. a heterogeneous situation. However, a 

consistency value can be assigned to the experts’ evaluation 

instead of explicit importance degrees being assigned to each 

expert. In C-IOWA operator, the argument values are ordered 

on the basis of the consistency index value associated with 

information sources. In a homogeneous system, each expert 
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can be assigned a consistency index value, obtained by 

analyzing their preference relations. This consistency value 

can then be used as the order inducing variable in the 

aggregation. 

A. Definition 

If a set of experts, E = {e1, . . . , em}, provide preferences 

about a set of alternatives, X = {x1, . . . , xn}, by means of the 

fuzzy preference relations, {P1, . . . , Pm}, then a C-IOWA 

operator of dimension n,   
 , is an IOWA operator whose set 

of order inducing values is the set of consistency index values 

                        , associated to the set of 
experts. 

 

                    
      

   
 

   

 

   

 

 

(6) 

 

where        
  , is consistent fuzzy preference relation. 

B. Solving GDM problems using C-IOWA operator 

First, for each expert, a consistent fuzzy preference 

relation,        
  , is constructed as 

 

   
  

 
 
 

 
    

                                                                                       +  

      
 +        

 +   +      
   

     +   

 
    +  

     
                                                                      

   

(7) 
 

The values in the consistency preference relation are 

normalized to lie in the interval [0, 1] using a transformation 

function. 

Second, the consistency index value is computed as in (6). 

Finally, the values                           are used 
to order the arguments in aggregation.  

C. Example 

We illustrate the usage of C-IOWA operators by referring 
to the example in [5]. 

Suppose a set of four experts provide the following fuzzy 

preference relations on a set of four alternatives: 
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The corresponding consistent fuzzy preference relations, by 

applying the above procedure are: 
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. 

The consistency indices associated with the experts are 

                         . The collective fuzzy 

preference relation using C-IOWA operator guided by the 

fuzzy linguistic quantifier “most of”, with weighing vector 

(0.7, 0.15, 0.08, 0.07), calculated using expression (4), is: 
 

        
                                          

 

  

               
               
               
               

  

 

VI. P-IOWA OPERATOR 

Preference-IOWA operator is the third type of IOWA 
operator proposed by Chiclana[5] in 2007. The P-IOWA 
operator is used in aggregating homogeneous GDM problems. 
Here, the argument values are reordered on the basis of a 
relative magnitude associated with each one of them, called the 
relative preference values. The preference values hence act as 
the order inducing variable, which are obtained from the 
argument values itself. Thus, P-IOWA operator is somewhat 
like OWA operator only, where the arguments are ordered 
based on their values. 

A. Definition 

If a set of experts, E = {e1, . . . , em}, provide preferences 

about a set of alternatives, X = {x1, . . . ,xn}, by means of the 

fuzzy preference relations, {P1, . . . ,Pm} then a P-IOWA 

operator of dimension n,   
 , is an IOWA operator whose set 

of order inducing values is the set of relative preferences 

matrices,   
 
    

  

 
           . 

B. Solving GDM problems using P-IOWA operator 

First, the total preference of an alternative xi is computed as 

the total sum of the elements of each row i,  
 

 
      

 
 
 , 

where         
   is a fuzzy preference relation on the set of 

alternatives {x1, . . . , xm}. Next, the resulting value obtained by 

dividing an element of that row,    
 , by  

 

 
, that is,  

  

 
  

   
 

    
 

 
   

is interpreted as the relative preference contribution of that 
particular element to the total preference of alternative xi. 

C. Example 

Using the same data as example of C-IOWA operator 
above, which has been quoted from [5], the corresponding 

relative preference matrices,  
 
, are: 
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 . 

The collective fuzzy preference relation obtained by using the 

P-IOWA operator guided by the same fuzzy linguistic 

quantifier “most of”, and the expression (4) applied to the 

relative preference contribution of the values to be aggregated, 

is 

     

               
              
              
               

  

 

VII. EOWA OPERATOR 

Extended OWA (EOWA) operator, proposed by 

Zarghami[6] in 2008, is an extension to the concept of OWA 

operator introduced by Yager[1]. Since the inputs to OWA 

operator are numerical values, the linguistic data must be 
converted to crisp numbers before applying OWA operator for 

aggregation. EOWA operator extends the OWA operator to 

incorporate the concept of linguistic inputs. In EOWA 

operator, the linguistic inputs are converted into crisp numbers 

by using the concept of triangular fuzzy numbers, and then are 

defuzzied using the max-membership method. The weighing 

vector is obtained by minimal variability method. 

A. Definition 

                   is an Extended Ordered 

Weighted Averaging operator (EOWA operator) if the 

restriction of F on [0,1]
n
 is an n-dimensional OWA operator. 

In other words, for each n there exists       
      

   

such that, for all                
  ,               

          , where is the list            consists of the 

arguments put in descending order. 

B. Solving GDM problem using EOWA operator 

Firstly, the linguistic inputs are converted into real 

numbers lying in the interval [0,1]. The linguistic numbers are 
represented using triangular fuzzy numbers, and are defuzzied 

using the max-membership method. Second, the importance 

degree of each expert is multiplied to their preferences. 

Finally, the overall group preference,         is evaluated by 

applying EOWA operator as: 

 

 

                                         
 

(8) 

 

where    denotes the importance degree of jth expert,        

denotes the preference of the alternative    by the jth expert. 
The weighing vector is calculated in the same way as done in 

OWA operator.  

C. Applications 

GIS based multi-criteria land suitability evaluation [17] is 

carried out using linguistic quantifiers and OWA operator. The 

experiment is based in Iran and is carried out to estimate the 
suitability of land for a specific use such as arable farming or 

irrigated agriculture. EOWA operator has also been used in 

group decision support system for ranking of water resources 

projects [6]. It also finds application in planning electrical 

power problems [7], generating the percentage of share for 

conventional and renewable energy resources. 

 

VIII. AOWA OPERATOR 

Although, EOWA operator handles linguistic preferences 

well, it cannot deal with the uncertain inputs whose values are 

known only under pessimistic and optimistic conditions. In 
2012, Suo[7] developed Advanced OWA operator. Advanced 

OWA (AOWA) operator introduces interval theory, to 

represent the uncertain arguments which are listed under 

optimistic and pessimistic conditions without knowing their 

distribution information. It also incorporates linguistic 

quantifiers in the importance degrees, which are converted to 

crisp values by defuzzying using COG (Center Of Gravity) 

method. The COG method used for defuzzying provides better 

results than the max-membership method used in EOWA[6]. 

A. Definition 

1) Let x denote a closed and bounded set of real numbers. 

An interval number,   , is defined as an interval with known 

upper and lower bounds but unknown distribution information 

for x. 
                                 

 

(9) 

 

where x- and x+ are the lower and upper bounds of 
   respectively. When x- = x+,    becomes a deterministic 
number. 

2) A fuzzy number                       is regarded as 

a normalized triangular fuzzy number if there exist reference 

functions and scalars          such that 
 

 

      
                  
                  

           

  

 

(10) 

 

where l and r are the left and right benchmarks of normalized 

triangular fuzzy number Z, respectively,        . 
Accordingly, the specific values of  l, m and r are obtained 

based on the given triangular fuzzy number Z. 
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B. Solving MCDM problems using AOWA operator 

Firstly, the uncertain inputs in OWA are quantified as 

intervals using definition 1 and formulated as 
 

.            

   
    +                   
    +                  

  

 

 

(11) 

 

Here,           and represents the optimism degree of the 

decision maker; the higher a value, the more optimistic the 

decision maker. In case of inputs having different units, they 

need to be normalized as follows:  

 
 

   
  

 
 
 

 
 
       

    

   
      

    
                                   

   
        

   
      

    
                                  

  

 

(12) 

 

 

where   
    and   

    are the maximum and the minimum 

values in criterion i, respectively. 
 

Secondly, the linguistic importance degrees are converted to 

crisp data by first converting the linguistic quantifiers into 

their equivalent normalized triangular fuzzy numbers and then 

defuzzying these, using COG method. 

C. Applications 

As AOWA operator incorporates uncertainty in the inputs, 

it has been used in planning electrical power problems [7]. 

Here, renewable and non-renewable energy resources are 

assigned their respective generation shares using aggregation 

by AOWA operator, based on multiple criteria. 

 

IX. CONCLUSION 

In this paper, we have discussed the various OWA 

operators as they evolved throughout the years, and their 

respective roles in solving MCDM and GDM problems. In 

1988, Yager[1] proposed the OWA operator for aggregation in 

MCDM problems. This operator’s functionality lies between 

“or” & “and” extremes. In 2000, Chiclana[2] developed OWG 

operator by modifying OWA operator to include the concept 

of geometric mean, for dealing with ratio-scale measurements. 

The basic OWA operator[1] ordered its arguments on the basis 

of their values. In 2007, Chiclana[5] developed the IOWA 

operators, in which the arguments are ordered according to the 
relevance of information source, i.e. I-IOWA and C-IOWA 

operators, or according to a function of the argument values, 

i.e. P-IOWA operator. The OWA operator and its variants 

discussed so far, consider the input values to be crisp numbers. 

In 2008, Zarghami[6] introduced EOWA operator, which 

converts the linguistic inputs into crisp numbers required, 

before applying OWA operator[1]. EOWA operator, however, 

cannot deal with uncertain inputs, whose values are known 

only under optimistic and pessimistic conditions. Suo[7], in 

2012, developed AOWA operator to deal with such uncertain 

arguments by incorporating the concepts of interval theory. 

The discussed OWA operators have been successfully 

implemented to solve various MCDM & GDM problems. 
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Abstract—Ontology is used in different environments in order 

to provide a mechanism to enable machine accessible and 

reasoning. It has introduced to e-learning environment during 

the last few years by adding description to the e-learning 

contents. In this paper suggests an automated method for 

learners’ performance evaluation and classification using 

ontology. Ontology-based learners’ performance evaluation 

and classification involves determining learners’ capability to 

solve a test assigned by the system, and it also involves 

categories the learning contents. Protégé and SWRL tab are 

used to describe the learning contents and the learners in this 

paper. The inferred result shows the classes of different 

learners. 

Keywords; Ontology; Reasoning;Evaluation;Classification; 

E-learning. 

I. INTRODUCTION  

E-learning has become an alternative solution for the 
traditional learning. The flexibility of the learning 
environment in e-learning and learners makes the 
conceptions of traditional learning in advance rather than 
large units and separate from the work activities. From 
learner perspective this flexibility will give the learners more 
control to choose their learning materials and construct 
personal learning process and it measure the degree of 
individualization provided by the e-learning assign the 
learning path for each learner. In this context the learners in 
e-learning system can select/access appropriate learning 
materials based on his/her demand. But most of the e-
learning systems have limited possibilities because they 
display their contents statically. On the other hand, due to the 
big size of the web and lack of semantic of HTML pages [1], 
the search for learning materials has become a time/effort-
consuming process. One of the aims of e-learning is to make 
its contents broadly accessible, searchable and reusable. This 
content needs to store along with semantic description to 
move from human accessible to machine accessible [2]. 
Moreover, the content needs to be searched and queried them 
semantically to improve the search results and facilitate the 
growth of web technologies Managing a large quantity of 
documents involves administration efforts and certain 
strategies to arrange and order the contents [3]. Semantic 
web offer a promising approach to e-learning environment 
which ensure machine-process ability and interchangeability. 

Semantic web aims at introducing metadata to describe 
meaning of web resources in order to create environments 
that are capable of advance automatic processing of the web 
content by both human and software agents [4].  

The learners’ performance in e-learning system is used to 
evaluate the learners’ achievements, help the learner to 
assess their level of knowledge and improve the effect of 
learning. The capability of predict/classify the learners’ 
performance is an important task in -learning which can save 
learners’ time and effort [5]. 

In the following section of this paper, we will discuss the 
semantic web and ontology, followed by ontology 
framework for e-learning environment, next the learners’ 
performance evaluation and classifications are described 
with experiments result. In conclusion we summarize our 
result and mention further research issues. 

II. SEMANTIC WEB 

Semantic web is the extension of the current Web, in 
which information is given well-defined meaning, better 
enabling computer and people to work in cooperation. Its 
basic aim is to create a layer on existing web that enables 
advanced automatic processing of the web-contents so that 
data can be shared and processed by both humans and 
software. It uses the concept of self-describing, machine-
readable knowledge, which is accessible using standard web-
programming constructers. Semantic layer connects the 
different knowledge-sources having explicit and defined 
semantics, across the web[6], Semantic Web aims at offering 
a solution, capturing and exploiting the meaning of terms to 
transform current Web from information-presentation 
platform to a platform that focuses on understanding and 
reasoning with the information[7]. Semantic Web technology 
will enable structural and semantic definitions of documents 
providing completely new possibilities. It will enable 
intelligent search instead of keyword matching, query 
answering instead of information retrieval, document 
exchange among departments via ontology mappings, and 
definition of customized views on documents [8].  

III. ONTOLOGY 

Ontology is a term borrowed from philosophy that refers 
to the science of describing the kinds of entities in the world 
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and how they are related. In computer science, Ontology can 
be defined as a formal and explicit specification of a shared 
conceptualization of a domain of interest, which is used to 
help programs and humans to share knowledge[9]. It consists 
of statements that can define concepts, relationships, and 
constraints. It defines the vocabulary of terms and 
relationships between those terms in the given domain. 
Ontology encodes the knowledge in a domain and makes that 
knowledge reusable. 

Ontology can be expressed in Description Logic such as 
OWL-DL. Description Logic based ontologies can exploit 
powerful DL reasoning tools, which can be used to facilitate 
machine understanding of web resources [10]. Description 
Logic reasoners such as RACER, FaCT++ and Pellet can be 
used to perform the following [11-13]: 

 To test whether concepts are non-contradictory. 

 To derive implied relations. 

 To ensure the interoperability and integration of 

different ontologies. 

IV. PRPOSED ONTOLOGY FRAMEWORK 

A. eBook Ontology: 

The ontologies representation of eBook and SPA can be 
automatically processed by intelligent software agents [14, 
15]. It is suitable to use software agent for e-learning 
environments because their capability to work in dynamic, 
heterogeneous, distributed environment.  

Figure 1 shows the mapping ontologies diagram of 
eBooks their relationships to other components. The class 
eBOOK used to annotate the resource which is a book. The 
class eBOOK has one subclass is chapter; two object 
properties are haschapter, and hasAnother; and four Data 
property: hasPublisher, hasLanguage, hasData and 
hasBookTitle . The subclass chapter has seven subclass are 
course material, example, assignment, test, image, table and 
exercise; data properties are hasConcepts, DifficultyLevel, 
hasSemanticValue, hasPrice and hasKeywords. 

 

 

 

Figure 1 the mapping ontologies diagram of eBooks 

The object property hasAuthor identifies the Author. The 
class chapter is used to describe the content fragments. The 
data property hasConcepts holds the information of the 
contents available in particular chapter in “Java 
programming language “book, chapter titled “Interfaces and 
Inheritance” has the following concepts: ”Implementing an 
Interface”, ”Inheritance”, ”Overriding and Hiding Methods”, 
”Polymorphism”, ”Hiding Fields”, ”Using the Keyword 
super”, ”Object as a Superclass”, ”Writing Final Classes and 
Methods”, ”Abstract Methods and Classes”. Chapter 
represents different type of materials. It means that the 
materials might be a study materials (concepts) or 
examination materials (pre-test and final test), Chapter and 
PreTest and FinalTest are related through hasPreTest and 
hasFinalTes properties respectively. The data property 
DifficultyLevel identifies how hard the chapter or learning 
materials are to work with. We identified three levels namely 
Low, Medium and Hard. The data property 

hasSemanticValue gives the weight of the chapter based on 
the importance keywords in the chapter. 

B. Person Ontology: 

The person ontology presents three types of users 
namely, Learner, Author and Lecturer and their relationship 
with other components in the framework. The learner has 
different learning styles and different performance. In the 
ontology we present the performance of the learners as 
subclass of learner class.  The performance of the learner 
during the learning process is measured by the acquired 
concept. In the performance class we have defined three 
subclassess: Backgroundknowledge, ConceptLearned and 
ConceptToBeLearned subclass.  

The Backgroundknowledge subcalss contain the 
semantic keywords of the concepts the learner know before 
joint to the course. A pretest is assigned to the learner to 
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evaluate his background knowledge; the semantic keywords 
of the question’s answer of the pretest are stored as instance 
of Background knowledge subclass of the particular learner. 
The ConceptLearned contain the semantic keywords of the 
concept learned during the learning process, these semantic 
keywords are stored as instance of ConcpetLearned after 
evaluate the Final Test of each courseware learned. The 
semantic keywords in ConceptToBeLearned represent the 
concepts which are left and the learner should to learn them. 
These semantic keywords are inferred during the learning 
process to evaluate the learner’s performance, and the 

instances of the ConceptToBeLearned subclass are not 
instances of the Backgroundknowledge subclass neither the 
conceptLearned. 

 

 

 

.  

Figure 2 the mapping ontology diagram for the Person ontology 

C. Reasoning rules 

The ontology is used to represent the data of e-learning in 
semantically and meaningful manner; this representation will 
bring the aforementioned advantages to the e-learning. To 
extend the power of ontology, reasoning rules are used to 
identify the relationships among individuals, it acts as the 
glue between different ontologies in the framework.  

Reasoning rules are important in Ontology and 
Knowledge base especially in deriving or inferring facts that 
are not expressed in ontology or in knowledge base 
explicitly.  An OWL in the abstract syntax contains of 
sequence of Axioms and facts. The rule consists of an 
antecedent and a consequent, each of which consists of sets 
of atoms (possible empty). The rule has the syntax form 
(Antecedent  Consequent).  For example, the family 
ontology includes Person, Man, Woman and Child, and 
relationship such as hasSibling.  A rule that defines Brother 
involving Person and Man can be written: 

Person(?p) ∧hasSibling(?p, ?y) ∧ Man(?y) 
hasBrother(?p, ?y)   

hasBrother relation cannot be expressed by OWL 
Ontology directly because OWL has limitations in reasoning. 

This work utilizes the Semantic Web Rule Language 
(SWRL) on the top of ontology layer; it is defined to 

combine OWL ontology (DL, Lite) sublanguages with Rule 
Markup language. SWRL extends the set of OWL axioms to 
include Horn-like rules, enabling the combination of SWRL 
rules and OWL knowledge base [16]. 

The reasoning rules could be used to help the learner 
infer the book edited by particular author.  Here we present 
some of these rules: 

This rule is to infer the course-wares that have semantic 
values greater than “0.7” in ebooks provided from different 
SPA’s is as follows: 

Courseware(?chpt)∧hasSemanticValue(?chpt,?swv)∧swrl
b:greaterThan?swv, 0.7) →  Courseware(?chpt) 

This rule is to infer the Author name for courseware in 
eBook is  

hasCourseware(?x1, ?x2) ∧ eBook (?x2) →  
hasAuthor(?x1, ?x2) 

This rule is applied to identify the authors of books in a 
particular subject.  

Author(?pr) ∧ isAuthorOf(?pr, ?eb) ∧hasSubject(?eb, 
?sub) → AuthorInSubject(?pr, ?sub) 

This rule is applied to infer the concept that the learner_1 
has to learn during the leaning process.  
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Learner(Learner_1) ∧ hasPerformance(Learner_1,?x) ∧ 

hasConceptToBelearned(?x, ?y)  → hasKnowledge(?x, ?w)  

LEARNERS’ PERFORMANCE EVALUATION 

Testing is the way to evaluate the learners’ performance 

in education and training. There are number of benefits that 

can be achieved whenever computer is used as tools in test 

[17]: 

 Tests can be marked quickly and accurately. 

 Test can be in variety of media. 

 Immediate relevant feedback can be given 

automatically. 

 Learners’ response can be monitored. 

 Adaptive test can be made based on learners’ 

performance. 

However, most of the common test types are fill-in-

blank, multiple-choice-questions or true/false questions. The 

paper-and-pencil test type could be assigned to learner; the 

learner can answer the questions by typing it in a proper text 

field for each question.  

V. LEARNERS’ PERFORMANCE EVALUATION AND 

CLASSIFICATION 

A. Test Scoring Model 

In order to evaluate the learner’s performance during the 

learning process, questions are assigned to the learners based 

on their capability during the learning process in two forms 

pre-test and final test. This evaluation can be used to 

measure the knowledge acquired by the learner after 

completing each courseware to generate the score for the 

learner.  

The process of evaluating and extracting the acquired 

knowledge is carried out in several steps: 1) identifying the 

question, 2) colleting the answer 3) extracting the keywords 

4) calculating the score and 5) updating the learner’s profile 

as shown in Figure 3.  

 

 The questions are assigned to the learner based on 

his ability.  SPARQL queries are used to identify questions 

from the ontology and assign them to the learner. The learner 

can answer each question in a proper text field. Then the 

system collects the answers from these fields which are in 

the form of text. Extracting the keywords from the answer 

involves three stages, tokenizing, matching and fetching. A 

flat array of token is created for the answer using tokenisers 

which take the answer as input characters and segment it into 

tokens. In the next stage the system match the tokens with 

the corresponding question’s semantic keywords in the 

ontology. In the same time the system counts the frequency 

of occurrence and location of each token.  

During matching the tokens with the corresponding 

question’s semantic keywords we fetch the semantic values 

for these semantic keywords, the semantic values are 

calculated as we have explained in the previous section. 

Then we calculate the score for the answer as in 

following equation: 

      ∑    
 

           

 

   

 ( 

      |      |)                            (   )    

Where     is the semantic value of the semantic keyword 

i in the ontology,    is the total length of the answer,    is the 

position of the semantic keywords in the ontology.    is the 

current position of the semantic keyword in the answer and n  

is the total number of matches semantic keywords in the 

answer.  

B. Extracting the acquired knowledge from learners’ 

answer 

Extracting the semantic keywords from learner’s answers 

leads us to know what exactly the learner has learned from 

the courseware. In other words the concepts learned during 

the courseware and the learner has been examined in them 

would be converted from ConceptToBeLearned subclass to 

ConceptLeanred subclass in the ontology of learner’s profile. 

Moreover, the increasing of specific semantic keywords 

leads us to know the exact concept or topic that learner has 

completed learning. 

In the same way we have computed the score of the final 

test which is assigned to the learner after completing each 

courseware in the learning path sequencing.. The result of 

the final test is stored in the leaner’s profile as 

ConceptLearned. The reasoning rules are used to infer the 

ConceptToBeLearned from the learner’s profile in person 

ontology in order to monitor the learning progress. The 

results of these rules are based on the semantic keywords in 

the instances of BackgroundKnowlegde and 

ConceptsLeaned subclasses. 

Learner’s Answer 

Tokenizers 

Keyword matching and 

counting 

Semantic value 

fetching 

Questioner Ontology  

Scoring calculation Update Learners’ 
profile  

Figure 3 Test scoring model flowchart 
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C.  Classification of learners: 

The scores obtained in previous section are used to 

evaluate the performance of the learner for a particular 

courseware, and it also used to classify the learners’ into 

different classes  (Average, (G) Good, (VG) Very Good, (E) 

Excellent and (O) Outstanding) based on their performance. 

The result of each test is saved to the learner’s profile which 

is in the form of ontology. After completing the test every 

concept learned within a range of scores will be saved in the 

learner’s profile with their semantic keywords as concept 

learned. At any time we can monitor the performance of any 

learner by navigating his profile ontology. The reasoners are 

used to infer the learner’s class based on his behaviours and 

response to answer the different type of questions for 

different course-wares.  

VI. EXPERIMENTS AND RESULTS: 

Here we have shown one question with its semantic 

keywords to demonstrate the performance evaluation. The 

question given to the four learners is “What is an 

Inheritance?” the answer for this question is “Inheritance is a 

mechanism that enables one class to inherit all the behaviour 

and attributes of another class. Through inheritance, a class 

immediately picks up all the functionality of an existing 

class. Because of this, you only must define how the new 

class is different from an existing class. With inheritance, all 

classes those you create and those from the Java class library 

and other libraries are arranged in a strict hierarchy. A class 

that inherits from another class is called a subclass. The class 

that gives the inheritance is called a superclass. A class can 

have only one superclass, but each class can have an 

unlimited number of subclasses. Subclasses inherit all the 

attributes and behaviour of their superclass.” The semantic 

keywords and their semantic values are “class, superclass, 

subclass, attributes and behaviour”.  In Table 1 Performance 

evaluation for 4 learnersTable 1 we show the performance of 

four different answers. We have calculated the score for each 

learner and have normalised it with respect to score of the 

correct answer. From Table 1 we can observe that the answer 

from learner 1 contains five semantic keywords and he has 

written them in his answer in proper sequence. Learner 2 and 

learner 3 have written the semantic keywords in the same 

sequence but the length of the answer of learner 3 is longer 

than the answer from leaner 2. Finally the answer of learner 

4 contains only one semantic keyword and his score is low.  

Table 1 Performance evaluation for 4 learners 

Learner 
Semantic 

Keyword 

First 

position 

Frequency of 

occurrence 

Semantic 

Value 

Frequency 

weight 

Position 

weight 
Score 

Learner 1 

Class 1 5 0.9 1.473197 1 1.325878 

superclass 2 4 0.8 1.382496 1 1.105996 

subclass 3 10 0.7 1.850274 1 1.295192 

attributes 4 3 0.5 1.28083 1 0.640415 

behaviour 5 2 0.64 1.160544 1 0.742748 

Score 9.562615 

Learner 2 

Class 1 2 0.9 1.160544 1 1.04449 

superclass 2 7 0.8 1.634938 1 1.30795 

subclass 4 3 0.7 1.28083 0.861665 0.772552 

attributes 5 1 0.5 1 0.861665 0.430832 

behaviour 3 2 0.64 1.160544 0.780744 0.579896 

Score 7.739047 

Learner 3 

Class 1 7 0.9 1.634938 1 1.471444 

superclass 2 3 0.8 1.28083 1 1.024664 

subclass 4 4 0.7 1.382496 0.861665 0.833873 

attributes 5 7 0.5 1.634938 0.861665 0.704384 

behaviour 3 6 0.64 1.556641 0.780744 0.777816 

Score 9.004888 

Learner 4 

Class 1 20 0.9 2.486787 1 2.238109 

superclass 0 0 0.8 1 0 0 

subclass 0 0 0.7 1 0 0 

attributes 0 0 0.5 1 0 0 

behaviour 0 0 0.64 1 0 0 

Score 4.188104 

VII. CONCLUSION: 

Semantic web is one of the promising technologies used 

to enhance the e-learning. It can used to provide more 

description for the learning contents in order to empower the 

learning process to allow learners to access the most 

appropriate learning materials, to provide automatic test 

scoring for description questions and to classify the learners 

based on their performance. This paper uses the ontology to 

design and describe all actors in e-learning environments. 

Protégé with SWRL tab are used to edit the ontology files. In 

Learners’ Performance evaluation is important issue in e-
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learning and it can be used to improve the learning during 

the learning process. 
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Abstract—This paper is concerned with the problems of 
stability analysis and stabilization control design for a class 
of discrete-time T-S fuzzy systems with state-delay for 
multi-input and multi-output. The nonlinear fuzzy 
controller helps to overcome the problems of ill-defined 
model of the systems, which are creating the undesirable 
performance. .Here sliding surface is being designed on 
error function of nonlinear system and sliding mode 
control is being designed here. The switching surface is 
being proven for its asymptotic stability.  The generated 
error signal and change of error signal will be utilized for 
application heuristic knowledge to design the rule base in 
the fuzzy logic control and fuzzy logic controller is 
designed here. The proposed technique also brings in a 
systematic approach to the fuzzy logic control, thus 
overcoming lots of heuristics that was in vogue with earlier 
fuzzy logic applications. Fuzzy logic control has been 
applied to a second order model of a roll autopilot. It has 
been found that proposed scheme is robust and works 
satisfactorily even when parameters are perturbed as 
much as fifteen percent from their geometric mean value. 
This designed algorithm will be more effective for highly 
unstable nonlinear systems such as aerospace system.  
Keywords-component: Discrete-time system, fuzzy control, 
sliding surface, sliding mode control, nonlinear time-delay 
system, stability.  
 

I. INTRODUCTION 

Nonlinear uncertain systems with time-delays are existing 
in various engineering network-based control systems, 
mechanical system, chemical systems, communication 
systems, applications [1-3]. Mechatronics system is such kind 
of systems which consist of electro-subsystem and mechanical 
subsystem in cascade form.  Possible sources of time-delays 
are the process may involve the transportation of materials or 
fluids over long distances; the measuring devices may be 
subject to long delay in providing a measurement; and the 
final control element may need some time to develop the 
actuating signal. Its existence is frequently a source of 
instability and poor performance. The time-delay systems have 
received considerable attention over recent years. In recent 
years, the study of sliding mode control (SMC) technique is 

more suitable for time-delay system stability analysis. The 
delays present in a system can be broadly categorized into 
three categories; input delay, state delay and output delay. The 
input delay is caused by the transmission of control signal over 
a long distance. State-delay is a result of transmission or 
transport delay among interacting elements in a dynamic 
system. The output delay is the delay resulting from sensors. 
Many papers have considered the problem of SMC for classes 
of uncertain system with time-delay [4-8]. As a general design 
tool for robust control system design, SMC has been well 
established for a wide range of nonlinear systems in both 
continuous-time and discrete-time. It has some attractive 
features such as a fast response and good transient 
performance. The silent advantages include: (i) robust against 
a large class of perturbations or model uncertainties; and (ii) 
control of certain classes of complex nonlinear systems that 
are otherwise difficult to achieve [9]. A discrete version of 
SMC is important when the implementation of the control is 
reached digitally using a relatively low sampling period. It is 
worth pointing out that discrete SMC cannot be obtained from 
the continuous counterpart by means of sampling equivalence.  
Zadeh introduced the fuzzy set theory in 1965, [23], it has 
received much attention from various fields and has also 
demonstrated nice performance in various applications. One of 
those successful fuzzy applications is to model unknown 
nonlinear systems by a set of fuzzy rules.On the other hand, 
most industrial plants have severe nonlinearities, which lead to 
additional difficulties for the analysis and design of control 
systems. In the past few years, the control technique based on 
the so-called K. Takagi-M. Sugeno (T-S) fuzzy model [10] has 
attracted lots of attention [11-16], since it is regarded as a 
powerful solution to bridge the gap between the fruitful linear 
control and the fuzzy logic control targeting complex 
nonlinear systems. The common practice is as follows, first, 
the T-S fuzzy model is employed to represent or approximate 
a nonlinear system. This fuzzy model is described by a family 
of fuzzy IF-THEN rules that represent local linear input-output 
relations of the system. The overall fuzzy model of the system 
is achieved by smoothly blending these local linear models 
together through membership functions. Then, based on this 
fuzzy model, a control design is developed to achieve stability 
and performance for the nonlinear system. The stability issue 
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fuzzy control systems has been discussed in an extensive 
literature, i.e.[11-13], [15-16], [20]. Most of the existing 
results were usually derived by using a single Lyapunov 
function (SLF) method, i.e. [11-13]. However, the main 
drawback associated to this method is that an SLF must work 
for all linear models, which in general leads to conservative 
results. To relax this conservatism, recently, the piecewise 
Lyapunov function approach [13] and the fuzzy Lyapunov 
function approach [14] have been proposed. 
In recent years, based on the T-S fuzzy model, an intensive 
study on the stability issue of nonlinear time-delay systems 
has been made, and several approaches have been proposed, 
i.e. The Lyapunov-Krasovskii functional (LKF) [17-22]. The 
stability analysis and stabilization problems for discrete-time 
T-S fuzzy systems with state delay are dealt with by using a 
fuzzy LKF approach. A new fuzzy LKF is constructed for 
delay dependent stability analysis of open-loop systems, which 
can reduce the conservatism of using a non-fuzzy LKF. The 
paper has been organized as follows. The problem statement 
has been described in Section II. In Section III, sliding surface 
is being constructed. Section IV illustrates the designing of 
fuzzy rule base and simulation results are given in Section V 
to illustrate the effectiveness of the proposed method. Finally 
conclusions are drawn in Section VI. 
 

II. PROBLEM STATEMENT AND DESCRIPTION 

Consider the nonlinear state delay system as follows 
( 1) ( ( ), ( ), , ))x k f x k u k k h   
( 1) ( ) ( ) ( )dx k Ax k A x k h Bu k                     (1) 

where ntx )(  , ( ) nx t h  and mtu )( are the system 
state and control input vector. ,n nA  n n

dA   and 
nmB   are the state matrix and control vector respectively 

and they are with appropriate dimensions and parameter 
0h   is a constant. 

Assumption: Pair ),( BA  are controllable. 
 

III. DESIGNING OF SWITCHING SURFACE 
 
In general, the design of discrete-time SMC consists of 

two steps. The first step is to design a switching surface so that 
in the quasi-sliding mode system response acts like the desired 
dynamics. The second step is to design the control law in order 
that the quasi-sliding mode is reached and stays for all time. In 
the article, the switching surface is designed as follows: 
If the desirable trajectory is ( ),dx k  then error dynamics can be 
generated as follows: 

( ) ( ) ( )de k x k x k                                                     (2) 
( ) ( ) [ ( ) ( )]dS k Ge k G x k x k                                      (3) 

Sliding mode condition  is as follows: 

( 1) ( ) 0
( 1) ( ) ( ) 0
( 1) ( 1) 0

S k S k
S k S k Ge k
S k Ge k

  
   
   

                                         (4) 

1 2( ) [ ( ) ( )]e k e k e k                                               (5) 

1 1 2 2
1

2 2 1 1
1

2 1

2 1

( ) ( ) ( ) 0

( ) ( )

( ) ( )

S k G e k G e k

e k G G e k

K G G
e k Ke k





  

 


 

                                 (6)            

1 2

1 11 1 12 2 11 1 12 2

2 11 1 12 2 11 1

12 2 2

( 1) ( ) ( ) ( )
( 1) ( ) ( ) ( ) ( )
( 1) ( ) ( ) ( )

( ) ( )

d

d d

d

d

e k Ae k A e k h B u k
e k A e k A e k A e k A e k
e k A e k A e k A e k

A e k B u k

    
    
    



        (7) 

11 1 12 2 1

( 1) ( 1) ( 1)
( 1) ( 1) [ ( 1) ( 1)] 0
( ) ( ) ( ) ( 1)

d

d

d d d

e k x k x k
S k Ge k G x k x k
q k G x k G x k x k

    

       
   

 

1 11 1 12 1 11 1 12 1

2 11 1 12 1 11 1 12 1

2

1 11 12 1 11 12 1

11 12

11 12

( 1) ( ) ( ) ( ) ( )
( 1) ( ) ( ) ( ) ( )

( )
( 1) ( ) ( ) ( ) ( )

( )
( )

d d

d d

d d

d

e k A e k KA e k A e k KA e k h
e k A e k A Ke k A e k KA e k h

B u k
e k A A K e k A A K e k h
M A A K
M A A K

     

     


     

 
 

      (8) 

for stability of the system all the eigenvalues of 

11 12( )M A A K   and 11 12( )d d dM A A K  must lie 
inside the unit disc. 
 11 1 12 2 1( ) ( ) ( ) ( 1)d d dq k A x k A x k x k                       (9)  
equation (9) can be written as zero because  

11 1 12 2 1( ) ( ) ( 1) 0d d dA x k A x k x k     
therefore ( ) 0q k   

1

[ ( ) ( ) ( ) 0] 0

( ) ( ) [ ( ) ( )]
d

d

G Ax k A x k h Bu k

u k GB GAx k GA x k h

    

   
                (10) 

 
 

IV. FUZZY LOGIC CONTROLLER 
 
  Although fuzzy control is very successful, especially 
for control of nonlinear systems. There is a drawback in the 
designs of such controllers with respect to performance and 
stability. The success of fuzzy controlled plants stems from the 
fact that they are similar to the sliding mode control, which is 
an appropriate robust control method for a specific class of 
nonlinear systems. The fuzzy logic system performs a 
mapping from nU   to .V    Let  nUUU  ............1

  
where , 1,2,3,...., .iU R i n   The fuzzifier maps a crisp 
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point in U  in to a fuzzy set in U . The fuzzy rule base consists 
of a collection of fuzzy IF-THEN rules: 

:)(lR  IF 1( )e k is lF1 , and 
2 ( )e k is lF2 , and ,…….., ( )ne k is 

l
nF ,  

THEN jy  is pjG l
j ,.......,2,1,      

   
   
A.  Design of proposed fuzzy controller  

 
The error between model states and plant state is one of 

the input variables and is partitioned into Fuzzy sets NL, NS, 
PS and PL. Similarly the error between second state of plant 
and model is another input variable, which is also partitioned 
into fuzzy sets. The rule bases for the reference model with 
fuzzy controller can be thought to be a two dimensional matrix 
as indicated in figures. The rows represent various linguistic 
values that can be assigned to the first input variable i.e. error 
between first state of plant and desired state. Similarly the 
columns represent linguistic values assigned to difference 
between second state of plant and desired state. The entries in 
the matrix are linguistic variables that represent control action. 
However, if error is PB and change in error is NS, then the 
control needs to be large and additive to the earlier output so 
that operating point moves closer to the reference point (i.e. U 
is PB). In another case when error is zero and error derivative 
is both PB or PS it indicates plant state is moving away from 
reference state and control output needs to be positive to arrest 
this trend and make plant state move towards reference state. 
On the other hand if error is zero and change in error is NB or 
NS, then a negative change is required in the control output to 
arrest the trend and force plant state towards reference 
trajectory state. All the fuzzy rules for above controller can be 
designed by extrapolating this logic to all possible 
combinations of linguistic variables which are represented by 
various entries in the matrix. Thus we obtain fuzzy rule base 
as stated below for a second order system. The inferencing 
method used is Mamdani and membership function for input 
and output variable is as shown in Fig 1. 
Fuzzy rules are used to formulate control laws in a transparent 
human oriented fashion, using the linguistic variables defined 
by the membership functions. For each Mamdani controller, 
4x4=16 fuzzy rules need to be defined to cover all possible 
combinations of the linguistic variables of the two inputs. 
  If (Process state) then (control output)  
 
 
B. Structure of Fuzzy Controller 

There are specific components characteristic of a fuzzy 
controller to support a design procedure, In the block diag. 
The controllers between a preprocessing block and a post-
processing block and The basic function of the rule base is to 
represent in a structured way the control policy of an 
experienced process operator.   
If (Process state) then (control Output)  

  

 
 
 

                          
 
 
 
        
 
 
 
Figure 1,  Blocks structure of fuzzy controller 
 
C. Table of Rule Base for Input and Output 
     
 

 
 
 
 
 

 
D. Design of membership functions  
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Figure 2,  Membership function   Input /and  output variables 

IV. SIMULATION RESULTS 
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           Figure 3, Error signal of the system 
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2. Change in error signal 
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         Figure 4, Change in error signal of the system 
 
3. Stable Sliding Surface 
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               Figure 5, Stable sliding surface 

 
 
4. Stable output response by fuzzy controller 
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                Figure 6, Stable output response by proposed robust 

controller 
 
 

VI. CONCLUSION  

This paper proposes the new fuzzy control technique 
for nonlinear control systems. Due to complexity of the 
nonlinear systems, which are unstable in nature and their 
stability problem has become the major issues. Here the 
sliding surface is designed on error dynamics with reference 
desired trajectory, which is a robust control technique and 
drawbacks of sliding mode controller are being reduced by 
designing of fuzzy sliding mode controller, which drives the 
state trajectory in the stable form. The real world systems are 
complex in nature and their mathematical models are ill-
defined and the classical methods are quite cumbersome to 
generate the desirable stable performance by the system. This 
new fuzzy controller is made on the intelligence heuristic 
method based. The proposed technique is more compatible 
even if in the variation of environmental conditions or any 
other type of uncertainties. The simulation results are showing 
stable output response when the parameters are perturbed.  
This newly designed controller will be more effective for 
highly unstable systems like aerospace systems. 
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Abstract—In the present study, transformed cluster analysis 
(TCA) has been described in steps for better understanding of 
sensor responses for the identification of individual gases/odors. 
The effect of data preprocessing technique (TCA) for 
identification of odors/gases using published data obtained from 
responses of tin-oxide thick film gas sensor array, fabricated in 
our laboratory, has been studied. The raw data obtained from 
the dynamic responses of gas sensor array when plotted on 
scatter graphs was showing very high overlapping among 
different gas responses.  But when the transformed data was 
plotted on the scatter graphs, distinct clusters of respective 
gases/odors were obtained. Thus, it is observed that TCA can be 
a very useful and simple data preprocessing technique and can be 
further utilized for various pattern recognition/identification 
purposes. 

Keywords- Data preprocessing, sensor array, thick-film, tin-
oxide, transformed cluster analysis.  

I.  INTRODUCTION  
In the modern era, the need of gas sensors is increasing day 

by day. The gas sensors are very useful for monitoring the 
harmful gases/odors in the ambient. This makes the field of gas 
sensors more important and challenging for the industrial as 
well as domestic environment monitoring. Thick film gas 
sensors have proven their ability in the gas sensing area in 
recent decades [1]. The tin oxide thick film gas sensors along 
with various added dopants like Pd, Pt, Zno etc., have been 
widely reported for detection and discrimination of 
gases/odors. The pure tin oxide sensor with doped sensor 
elements can be used in array form to improve the selectivity 
and hence the discrimination efficiency of gas sensing system 
[6]. The signals from an array of sensors form a pattern which 
is of typical for a particular type of gas/odor. So, an array of 
sensors can be used to generate more information about the 
environment compared with a single sensor element [7]. 

Various pattern analysis techniques are employed on the 
response obtained from the gas sensor array in order to identify 
or quantify different gases/odors. A gas sensing system, which 
combines the gas sensors and pattern analysis module, is 
generally referred as electronic nose [2]. The number of sensor 
elements in gas sensor array decides the complexity of the 
response signal obtained from the sensor array. Based on the 

complexity of the response signal of sensor array, any suitable 
pattern analysis technique can be used for the identification/ 
discrimination of constituents. Thus, the pattern analysis 
technique can also play a measure role in the efficient 
detection/identification or discrimination of different 
gases/odors [3-4]. 

Data pre-processing techniques, including feature 
extraction for statistical information extraction and 
classification tasks, is an important part for the classification 
task. These techniques may highly improve the efficiency of 
gas sensing system. Raw data are highly susceptible to noise, 
missing values and inconsistency. The data preprocessing is 
one of the most critical steps in pattern recognition and 
classification task with the preparation and the transformation 
of the original raw data. Many data preprocessing techniques 
exist in literature like, transformed cluster analysis, principal 
component analysis, multiple correspondence analysis, rule-
based classifiers, decision trees etc [5]. All these preprocessing 
techniques are found to be complex and intricate. The 
transformed cluster analysis technique has been chosen for this 
work because it is less complex and still provides better results 
[8]. 

II. EXPERIMENTAL 
  Tin oxide-based sensors were fabricated using the thick 

film screen printing technique. The gas sensitive tin oxide paste 
was prepared in our laboratory  and was doped with 1% Pd, Pt, 
Cd, CuO, ZnO and pure SnO2 (by weight) for the fabrication of 
the array. The test gases used were LPG, CCl4, CO and 
C3H7OH. The dynamic response of the array was measured by 
measuring the resistance variations of all the sensors of the 
array with time. Further, the complete detail of the experiment 
has been given in [1]. 

III.  DATA EXTRACTION 
The data has been prepared by sampling the curves 

explained in section II. 48 samples of each gas’s curve has 
been taken making a data set of 192 samples for all four gases.. 
The extracted data set has been plotted on the 3-D scatter 
graphs for each gas as shown in Fig.1. Ten such graphs have 
been obtained but only one is shown for the sake of the 
simplicity. 
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Fig.1. 3-D Scatter plot of the raw data obtained from 

dynamic response of the sensor array for first combination of 
sensors. 

The separation of data points in graphs still remains a 
limiting factor and hence it is urgently required to preprocess 
the data before they are subjected to a classifier. In the next 
section the basic fundamental behind the transformed cluster 
analysis (TCA) technique, which has been used for 
preprocessing purpose, has been discussed. 

IV.  TRANSFORMED CLUSTER ANALYSIS [5] 
The transformation of dynamic response data belonging to 

individual gas/odor was carried out using the mean and 
variance of respective data set. The general equation for the 
calculation of the mean can be written as in (1) 
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where Xijk is the ith sensor reading for the jth gas at the kth 
observation, ijX is the mean value of the ith sensor for the jth 
gas, i = 1 to P (sensor), j = 1 to Q (gas) and rj = number of 
samples of jth gas. 

The variance can be calculated as  in (2) 
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where Vij, is the variance value of the ith sensor for the jth 
gas, i = 1 to P (sensor), j = 1 to Q (gas) and rj = number of 
samples of jth gas . Now, the equation for the transformation of 
data can be written as  in (3) 
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where Tijk  is the transformed value of the ith sensor 
response for the jth gas at the kth concentration, i = I to P 
(sensor), .j = 1 to Q (gas), k = 1 to r, (jth gas concentration). 
Equation (3) reduces the scatter of data within a cluster for a 

gas and thus the separation between clusters is improved. 
Further, if the value of the variance is less than one, there will 
be a spread in the data set, and for that, the equation (4) of 
transformation of data can be used: 

                
( ) ijijijijkij XVXXT +−=

                                  (4) 

It is evident from eqns. (3) and (4) that the transformation 
of data is gas/odor as well as sensor specific, i.e., it depends 
upon the variance value (say, Vij, the ith sensor for jth gas). 

V. RESULTS AND DISCUSSION 
 The TCA technique has been applied to the raw data 

obtained after sampling the dynamic responses of thick film tin 
oxide gas sensors as mentioned in section 3. The preprocessed 
data obtained for each gas has been plotted on 3-D scatter 
graph as shown in fig.2, with different combinations of gas 
sensors taking 3 sensors at a time. Ten such graphs were 
plotted but only one is shown here for the sake of simplicity. 
Comparison of 3-D scatter graphs in Fig. 1 and Fig.2 clearly 
shows the highly improved separation of different classes of 
gases. The raw data was showing large amount of overlapping 
(as shown in Fig 1). The separation is much improved in TCA 
processed data (as shown in Fig.2). This shows the improved 
performance of transformed data over the raw data. 

 

          
Fig.2. 3-D Scatter plot of the TCA Processed data obtained 

for first combination of sensors array. 

VI.  CONCLUSION 
 Data preprocessing plays an important role in the 

classification task. Many data preprocessing techniques exist in 
literature out of which transformed cluster analysis has been 
used in this work. The raw data extracted from the dynamic 
responses of thick film tin oxide gas sensors array for different 
gases was showing large overlapping. So, it was a difficult task 
to recognize each gas clearly. When the raw data was 
preprocessed using TCA technique the separation has 
improved to a high extent showing no overlapping between 
different classes. Thus it is concluded that TCA may be useful 
for the data preprocessing technique for the gases/odors 
discrimination purpose and the TCA preprocessed data can be 
further utilized for intelligent gas recognition/identification 
system. 
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Abstract— In this article the inverse kinematics problem for an 
industrial robot manipulator is solved using Artificial Neural 
Networks (ANN). The considered manipulator is the IRB 6640 
from ABB which posses six revolute joints with an offset wrist. 
The ANN utilized is a Back Propagation (BP) network trained 
using data calculated from the forward kinematics of the robot. 
The article highlights the advantages and disadvantages of 
applying ANN to solve the inverse kinematics problem for 
robotic manipulators. 

Keywords- robotic arm; inverse kinematics; IRB 6640; back 
propagation neural networks 

I.  INTRODUCTION   

Artificial intelligence (AI) is a branch of computer science 
that deals with the automation of intelligent behaviors. In 
robotics, AI is concerned with providing a robot with sensory 
inputs and the ability to interpret and process these inputs. 
These capabilities are essential towards the creation of an 
intelligent robot which will greatly enhance its effectiveness 
and flexibility. Artificial Neural Networks (ANNs) are artificial 
intelligence paradigms that are trained rather than programmed 
to cope up in nonlinear and complex systems.  

In recent years ANNs have gained a wide attention as a 
powerful learning technique to perform complex tasks in 
highly nonlinear dynamic environments. The ANN is capable 
of performing nonlinear mapping between the input and output 
space by utilizing a large parallel interconnection between 
different layers in the network. It uses data sets to obtain the 
models of systems in fields such as robotics, factory 
automation, and autonomous vehicles. The prime advantage of 
using ANN models is their ability to learn by examples based 
on optimization of an appropriate error function. This ability to 
adaptively learn non-linear functions that are hard to solve and 
to generalize on acquired knowledge makes artificial neural 
networks a very flexible and powerful tool. The robust 
processing and adaptive capability in fluctuating and noisy 
environment are also other distinct ANN features.  

Research activities in the field of neural network 
technology have increased dramatically over the last decade. 
Recently, neural networks have been adopted in many areas 
that require computational techniques such as pattern 
recognition, optical character recognition, outcome prediction 

and problem classification. The current focus in learning 
research is on increasingly more sophisticated algorithms for 
the off-line analysis of finite data sets, without severe 
constraints on the computational complexity of the algorithms 
[1]. 

On the other hand, the solution of the inverse kinematics 
problem of robotic manipulators has been of interest of robotic 
researchers from the early days of robotics. Traditional 
numerical approaches to the inverse calibration of robots are 
time-consuming and suffer from numerical problems of ill-
conditioning and singularities. The complexity arises from the 
robot geometry and from the coupled and nonlinear 
trigonometric equations linking the Cartesian space and joint 
space parameters of the robot. The multiple solutions of the 
inverse kinematics and singularities in the robot workspace 
complicate the problem further. Moreover, the mathematical 
solutions for inverse kinematics problems may not always 
correspond to physical solutions. Therefore, the inverse 
kinematic computation using an artificial neural network that 
learns the inverse kinematics of a robot arm has been employed 
by many researchers as a proper alternative method.  

Colbaugh et al. [2] implemented an adaptive algorithm 
based on the Model Reference Adaptive Control (MRAC) to 
solve the inverse kinematics problem of robotic manipulators. 
Guo et al. [3] solved the problem based on the Jacobian control 
technique. They used a Hopfield neural network to find the 
solutions of the inverse kinematics of a planar four degree-of-
freedom (DoF) manipulator for a straight line trajectory in the 
XY –coordinate frame. Morris and Mansor [4] applied 
multilayers back-propagation neural networks to solve the 
inverse kinematics problem for two DoF planar and three Dof 
articulated revolute jointed manipulators along with lookup 
tables for different arm configurations. Oyama et al. [5] 
proposed a modular neural network system that consists of a 
number of expert neural networks in order to overcome the 
discontinuity of the inverse kinematics function. Mayorga and 
Sanongboon [6] presented an ANN approach for fast inverse 
kinematics computation and effective geometrically bounded 
singularities prevention of redundant manipulators. 

In this article, the emphasis is upon the application of 
ANNs to predict the joint angles of a six DoF robotic 
manipulator using the neural networks tool available in 

* Corresponding author. a Ph.D. research scholar at the Department of Mechanical Engineering, IIT-BHU, Varanasi, 221005, U.P., 
India. Ph.: 09792096460 
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Abstract— With increase in requirement of flexibility in various 

manufacturing processes, it has become important to design a 

robot which has high manipulability, so that it can easily and 

efficiently move from one position to other. The ease with which a 

robot can move is defined by manipulability index. In this 

research, the links of an articulated robotic arm, with 6 degree of 

freedom, are optimized using the inverse kinematics method and 
manipulability index with the help of genetic algorithm. 

Keywords- Manipulability index, Optimization 

I.  INTRODUCTION  

In recent years ,many methods has been developed to design 

an articulated robotic arm with n degree of freedom. The key 

designing parameters are minimum torque, minimum task 

time, minimum position error, maximum flexibility. To do this 

the analysis is performed using forward kinematics, inverse 

kinematics, forward dynamics, inverse dynamics. Apart from 

this the error in positioning is reduced to improve the accuracy 

of robot. The various tools used in designing are MATLAB, 

CATIA, AUTOCAD, ANSYS etc. In this research, we have 
extensively used the mat lab tool to optimize the link lengths 

using optimtool and genetic algorithm to obtain the link 

lengths.  

To obtain the link lengths, static stability of the robot is 

considered. These lengths are then used to obtain the angles 

between the links using inverse kinematics. 

 In inverse kinematics method the end position of the robotic 

arm is known and the link length are known, and orientation is 

fixed and using geometry the angles between the link is 

calculated 

 Once the angles are known, the jacobian matrix is calculated 

and this is utilized to obtain the manipulability index. Using 
optimtool this manipulability index is maximized and thus 

corresponding link lengths are calculated. 

 

II. INVERSE KINEMATICS 

In our robot model , to obtain the joint angles  the final 

position and orientation of the robot was fixed and using 

simple geometry the angles were calculated. These are 

 

 
Here  

θn: represents angle between link  n-1 and n. 

Px ,Py , Pz : target location. 

d n: link offset 

an: link length 

ax ay  az : approach vector of end effector. 

Cn : cos(θn) 

S n=sin(θn) 

Cab=cos(θa+θb) 
 

The values of these variables are giving using static model and 

assumptions.  

The target location is assumed and the approach vector is kept 

constant. 

Using Mat lab algorithm and optimtool the various values of d 

and a are calculated. 

 

III. MANIPULABILITY INDEX  

 

Among the various performance indices proposed, the concept 
of service angle first introduced by Vinogradov et al. (1971), 

150



and the conditioning of robotic manipulators, as proposed by 

Yang and Lai (1985), finally emerged out to be 

manipulability, being introduced by Yoshikawa. 

Manipulability is the measure of the manipulating ability of a 

robotic mechanism in positioning and orienting the end 

effectors. The notion of manipulability has been particularly 
useful in the analysis and design of robot manipulators. 

Manipulability, or the ability to move and apply forces in 

arbitrary directions, has been used in applications ranging 

from the kinematic design of robotic fingers to the optimal 

positioning of the work piece in a robot’s workspace. 

Various factors should be taken into consideration for an 

optimum robot manipulator design for performing a given task 

in the workspace – the factor that enables changing the 

position and orientation is known as Manipulability. 

Manipulability however helps in determining the structure and 

organization of manipulators suited for various task 

performances. Yoshikawa’s proposed concept of 
manipulability can be mathematically represented as 

  

 
J represents the jacobian matrix. 

 

 

Jacobian matrix relates the Cartesian space velocity to joint 
space velocity. 

  

Ve (t)= J (q)ω  
 

Manipulability can be classified as Kinematic manipulability 

and Dynamic manipulability. The principal objective of 
kinematic manipulability lies in the quantification of velocity 

and force transmission characteristics of the manipulator for 

performing a specific task in a particular orientation and 

position. But the Dynamic manipulability is concerned with 

the acceleration of the end effector in arbitrary directions. This 

concept was developed by Yoshikawa. 

 

Advantages and Disadvantages of Manipulability 

 

The advantages of manipulability are as explained below: 

 

I. The manipulability measure helps in design and control of 
robots and task planning as they yield quantitative measure of 

the easiness of arbitrary changing of position and orientation 

of the manipulator. 

II. The other benefit is the measure of fast recovery ability 

from the escapable singular point for redundant manipulators. 

 

But however there are some disadvantages of manipulability 

too. 

 

I. Scale and Order dependencies. These factors prevent fair 

comparison among manipulators with different dimension and 

make it impossible to derive the physical meaning of 

manipulability. 

II. The Jacobian that relates the joint space to the task space is 

dependent on the configuration of the manipulator and is 

considered to be a local performance index that varies 

randomly which in turn makes the manipulability index 
variable too. 

III. The Jacobian that relates the joint space to the task space is 

dependent on the configuration of the manipulator and is 

considered to be a local performance index that varies 

randomly which in turn makes the manipulability index 

variable too. 

 

The closer to unity the index M implies better the 

manipulability behavior of the system. 

 

IV. APPROACH TOWARDS PROBLEM 

 
To calculate the optimized length of the link for a particular 

target location, the above two concepts are utilised. The entire 

problem is solved using mat lab. 

As mentioned earlier various values for the variables in the 

calculation of angle of links are given depending on target 

location. To obtain the link length, genetic algorithm is used. 

In this, different values of length are feed and these values are 

used to calculate manipulability index. Now those value of 

links is taken for which the manipulability index is maximum. 

The algorithm for the program is 

 

 
 

 

This algorithm is iterated in genetic algorithm and the final 

value is obtained when the manipulability index is maximum. 

The bound is provided to select the values of link lengths. 

The entire operation is performed using optimtool in 

MATLAB. 

 

 

 

Genetic 

Algorithm 
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IV. RESULTS 

 
 

From the above table, we infer the optimised link length 

values for various target locations. For a pick and place type 

robot target location(s) will be fixed hence optimum link 

lengths can be easily calculated using the above method.  

 

 
From the above graph, we can select the points where 
manipulability of the robot will be maximum and hence place 

the target objects in this region . 

For a given workspace the optimum link length can be 

calculated .However the link lengths are for the corner points 

of the cuboidal workspace with robot at its centre. Thus there 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

will be  singularity points in the workspace for the above link 

lengths with robot at center of cuboid .To eliminate this we  

shift the workspace to one side of the arm and repeat the 
process to obtain optimized link length at the ecorner points of 

the new cudoidal workspace which shows similar result. 

This new workspace has no singularity and link length at the 

corner points are almost same.Thus with above process we are 

able to limit the solution space of the possible link length for a 

given workspace and using this workspace we can find the 

optimized link length using global manipulabity concept. 

 

V.FUTURE WORK 

In this research, we utilised kinematics to obtain the optimised 

value of link lengths and joint angles for a particular target 

location. This work can be further extended to obtain link 
length considering the Robot dynamics. To do so , a particular 

task is chosen in which trajectory is fixed which is used to 

calculate the velocity and acceleration in both Cartesian space 

and Joint space .Using this torque on various links will be 

calculated which will then be minimised to optimise the link 

mass and lengths.   
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NO. 

Position Orientation Link Length Mani_index 

(scaled) 

1. 

 

450,-300,-60 -1.4734   -1.9880   -0.4517         

0    1.3470         0 

101.0893  474.5013  

374.6076   50.6398 

 

0.669 
 

2. 450,300,-60 0.8389   -1.9328   -0.3890         

0   73.8247         0 

104.3344  461.2745  

372.6898   69.1287 

0.64 

3. -450,300,-60 -1.3651   -1.9394   -0.4871         

0    1.4089         0 

100.0762  468.2087  

395.0742   49.7473 
 

0.659 

4. -450,-300,-60 0.8981   -1.8655   -0.3125         

0   23.5621         0 

113.7586  444.2691  

370.0698   60.0535 

0.647 

5. 50,500,-60 2.9154   -1.8142   -0.4227         

0   -4.6841         0 

111.4069  407.8898  

376.4841   50.8109 

0.83 

6. 50,-500,-60 -2.9680   -2.0149   -0.6443         

0    1.1213         0 

102.0325  457.4392  

384.4328   67.3190 

1.00 

7. -50,500,-60   -2.9674   -2.0400   -0.6087         

0    1.1095         0 

100.0856  459.0040  

370.6088   53.0020 

0.994 

8. -50,-500,-60  

    2.9602   -1.8371   -0.3976         

0   -4.6816         0 

100.1481  413.0304  

368.1470   61.1717 

0.808 

9. -450,-300,60 0.9371   -2.1270   -0.5940         

0   -7.8775         0 

 100.0115  473.4517  

423.4184   54.7487 

0.69 

10. 450,-300,60 -1.4703   -2.0814   -0.4115         

0    1.4190         0 

100.0159  456.9613  

386.6168   64.3573 

0.642 
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Abstract— English and Urdu, both the languages belong to 
different language family and both languages follow 
different grammatical structure, where sentences in English 
follow S-V-O (subject-verb-object) order while Urdu 
sentences are mostly written in S-O-V order. Urdu is a 
morphologically rich language. Factored translation model 
handles such languages in target side by integrating 
linguistic features with the words. In factored corpus which 
we have created for factored translation model, superficial 
form of the word is factorized with factors like lemma and 
POS tag. In this paper, we have presented a system model 
for English to Urdu machine translation which uses 
GIZA++, SRILM and Moses. Giza++ is a tool for learning 
statistical translation models. SRILM is used to train 
language model. Moses is used for decoding and to train 
factored translation model by minimum error rate training. 
We have calculated MT score for translation output 
obtained from the system using n-gram bleu score, precision, 
recall, F-measure and Meteor. Cumulative MT evaluation 
scores achieved by the system for around 800 test sentences 
are as: n-gram Bleu score is 0.429, F-measure is 0.578 and 
METEOR score is 0.542 and precision is 0.724, recall is 
0.619. 

Keywords- English, Urdu, factored translation model, 
statistical machine translation 

I.  INTRODUCTION 

Machine Translation (MT) is the process to translate 
one natural language text to equivalent another natural 
language text. The language from which text is being 
translated is referred as source language (English is used 
as source language in this work) and the language into 
which text is being translated is referred as target 
language (as Urdu). Urdu is a morphologically rich 
language. Factored translation model operates on general 
information such as lemma instead of surface form of the 
words and can draw richer statistics and overcome the 
data sparseness problems aroused due to lack of training 
data.  Factored translation model integrates linguistic 
features at word level; presence of morphological features 
on target side allows agreement checking and translation 
can be best explained at morphological, semantic and 
syntactic level. We have created factored data using 
Apertium tool and reformed it manually for incorrectly 
integrated linguistic features with the words. System 
model presented in this paper uses Giza++, SRILM and 
Moses toolkit to learn and implement translation model, 
language model and decoding process. 

This paper is organized into five sections; next section 
presents the literature review of English to Urdu translation 
research. Then, under the section named as system 
architecture and implementation, we have discussed corpus 
collection, building translation model and language model 
and decoding process and an introduction to statistical 
machine translation technique and tools which we have 
used in developing statistical machine translation system. 
Next, we have discussed results and evaluation of the 
system output. We conclude this paper with our ongoing 
work and future work plans. 

II. LITERATURE REVIEW 

Though machine Translation has completed a life span 
of around 60 years and many languages have been targeted 
during this period but research work for Urdu machine 
translation is substantially lagging behind in spite of the 
large population of Urdu speakers. Since last decade, a few 
researchers have been working in English to Urdu machine 
translation and mainly using rule based and expert system 
based approach for English to Urdu machine translation. 
Tafseer Ahmed and Sadaf Alvi [24] have used transfer 
based approach and bottom up chart parsing. S. Khan et al. 
[20] have used an expert system based approach which 
relies upon QTAG for part of speech tagging and uses 
knowledge base for grammatical patterns and gender 
aware dictionary. Maryam Zafar et al. [12] developed an 
interactive machine translation system using Example 
based approach which uses Levenshtein algorithm and 
semantic distance algorithm for searching bilingual corpus. 
System uses n-ary product for listing all the possible 
translations for the input sentence and has rules for 
ordering the translated text and also supports homograph, 
idioms and some other linguistic features. System 
developed by M. K. Shaikh et al. [13] uses rule based 
methodology with bottom up parsing and dynamic 
dictionary for translation and is a bidirectional English-
Urdu machine translation system with natural language 
processing. Kashif Bilal et al. [8] have built an expert 
system based MT system AGHAZ, which has patterns or 
rules and a rich knowledge base to stores English words 
with their Urdu meaning, part of speech, gender, number 
and multi-word information. R M K Sinha [19] uses his 
English-Hindi MT System as a model to translate Urdu 
from English. This English-Hindi MT system is built by 
using rule based approach and a pseudo Interlingua and a 
Hindi-Urdu mapping table to store Urdu meaning of Hindi 
words and related information that affect the composition 
of Urdu text; to generate Urdu text from the Hindi output 
of this system.  
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TABLE I.  OVERVIEW OF ENGLISH-URDU MACHINE 

TRANSLATION WORK / SYSTEMS 

Work / System 
(Year) 

Research Team 
/ Organization 

Work / System 
Methodology 

English to Urdu 
Translation 

System (2002) 

Tafseer Ahmed, 
Sadaf Alvi 

Transfer based approach, 
Bottom Up Chart Parsing 

Expert system 
driven approach to 

generate natural 
language (2003) 

S. Khan, Pervez, 
M Mahmood, F. 
Mustafa and U. 

Hasun 

Expert system based 
approach, QTAG, 

knowledge base for 
grammatical patterns and 
gender aware dictionary 

Urdu Translation 
Engine (2004) 

Mohammad 
Kashif Shaikh, 
Hussain Hyder 
Ali Khowaja, 

Muzammil 
Ahmed Khan 

Natural language 
processing, rule based, 
bottom up parsing and 

dynamic dictionary  
Bidirectional English-Urdu 

machine translation 

AGHAZ (2005) 

Uzair 
Muhammad, 

Kashif Bilal, Atif 
Khan, and M. 
Nasir Khan 

Expert System based 
approach, knowledge base 

for grammatical patterns and 
gender aware dictionary 

Handles multiple words and 
proper noun 

Interactive 
English-Urdu 

machine 
translation (2009) 

Maryam Zafar et 
al 

Example based approach, 
Levenshtein and semantic 

distance algorithm, is N-ary 
Product, ordering rules 
Supports homograph, 
idioms and some other 

features. 

English-Urdu 
Machine 

Translation Via 
Hindi (2009) 

R. M. K. Sinha 

Mapping of Hindi output 
from English-Hindi MT 

system which is based upon 
PLIL (pseudo Lingua for 

Indian Languages) and Rule 
based approach. 

Sampark 
( 2009 ) 

Sampark 
machine 

translation 
Team- 

Consortium of 
Institutions 

A hybrid system which uses 
rules based algorithms, 

transfer based approach and 
statistical machine learning 

techniques. 
Translates among multiple 

Indian languages. 

Knowledge based 
Machine 

Translation 
System (2010) 

Ghulam Rasool 
Tahir, Sohail 

Asghar, Nayyer 
Masood 

Text mining and Data 
mining techniques 
Focuses on adding 

semantics.  

English to 
Urdu/Hindi MT 
System (2011) 

Shahnawaz, R. 
B. Mishra 

Rule based approach and 
artificial neural network 

 
Sampark [25], an MT system for translation among 

Indian languages including Urdu, developed by the 
Consortium of institutions include IIIT Hyderabad, 
University of Hyderabad, KBC, Chennai, IIT Kharagpur, 
CDAC (Noida,Pune), Anna University, IIT Kanpur, IISc 
Bangalore, IIIT Alahabad, Jadavpur University, Tamil 
University. This system uses hybrid methodology which 
consists of rule based approach and dictionaries and 
statistical machine learning techniques. A proposed 
knowledge based machine translation system in [4] is an 
enhancement of Sampark model which considers most of 
the types of ambiguities and uses text mining and data 

mining techniques for machine translation. In a work of 
English to Urdu [21] and English to Urdu/Hindi machine 
translation [22], classical rule based approach and neural 
network have been used for developing machine 
translation system. A brief overview of English-Urdu 
machine translation researches discussed here is given 
above in table 1. 

The approach presented in this paper is based upon 
statistical methods which uses factored translation model.  
System model presented in this paper uses Giza++, 
SRILM and Moses toolkit to learn and implement 
translation model, language model and decoding process 

III. SYSTEM ARCHITECTURE AND IMPLEMENTATION 

The architecture of our English to Urdu machine 
translation system is presented in figure 1 below. System 
mainly contains five different module viz. 1) Corpus 
Creation 2) Factorization 3) Translation Model 4) 
Language Model and 5) Decoder. Each module is 
described in detail below. 

 

Figure 1.  Example of a ONE-COLUMN figure caption. 

A. Corpus Creation and Collection 

To work with statistical machine translation (SMT) 
approach of MT parallel corpus for the language pair is 
required. In order to develop a SMT system for a new 
language pair depends on the availability of parallel 
corpus. Preparing parallel aligned corpus for English, Urdu 
language requires lot of effort. English-Urdu parallel 
corpora are collected from different resources. We have 
collected 1000 aligned parallel corpus from LDC-IL and 
around 14500 English-Urdu parallel aligned sentences 
from UMC005 [6]. We have a1so collected sentences from 
news websites viz. http://www.jang.net/Urdu/, 
http://www.bbc.co.uk/urdu/, http://www.urdulibrary.org/ 
and stories which are manually translated to create parallel 
corpus. We have manually translated around 800 English 
sentences to Urdu collected from different news websites 
and stories to prepare parallel aligned corpus. The size of 

Parallel Corpus 
Source   Target 

Monolingual 
Corpus 

Factorization 

Translation Model 
 

Language Model 
 

Decoder 

Source Text 

Translated 
Text 
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the parallel aligned corpus of English and Urdu language is 
around 16300 sentences. Parallel corpus for English-Urdu 
is not easily available; we have to perform experiment with 
small amount of corpus. Though, we were able to collect a 
bit large amount of monolingual corpus for Urdu language. 
To build monolingual corpus of Urdu language for 
language modeling, different Urdu news websites and 
stories have been access. The size of monolingual corpus 
for Urdu language was around 24K sentences. These 
sentences were extracted from different Urdu news 
websites, stories etc. The documents from which we have 
extracted text were available in form web pages or PDF 
documents. We have developed Java based applications 
for extracting text from web pages and pdf documents. 

Java based web crawler: Web crawler reads a web 
page and look for the main text contents in the page to read 
and extract the text written in the page then it writes this 
text into a raw corpus file in Unicode text format which is 
evaluated and corrected by the human evaluators and final 
corpus file is created. 

Java PDF text extraction: We have developed a Java 
application to read and extract text from PDF documents. 
Java application opens PDF file and reads text from the 
file, this text is then written to a monolingual corpus file 
which is split into sentences and prepared for SMT system 
training corpus.  

Parallel aligned corpus creation for languages like 
English and Urdu is a costly task. There is no big amount 
of parallel corpus available for English-Urdu languages as 
it is for European languages like Canadian Hansard corpus 
for English and French described in [15]. 

B. Factorization 

In factored translation model [10, 11], each word in the 
training data is incorporated with multiple layers of 
information, these layers of information are called factors. 
Factored translation model handles languages in target side 
which are morphologically rich by integrating linguistic 
features with the word. It can be considered as a 
combination of reordering model, language model, 
translation steps and generation steps. Factored translation 
model operates on general information such as lemma 
instead of superficial form of the words and can draw 
richer statistics and overcome the data sparseness problems 
aroused due to lack of training data.  Factored translation 
model integrates linguistic features at word level; presence 
of morphological features on target side allows agreement 
checking and translation can be best explained at 
morphological, semantic and syntactic level. We have used 
Apertium tool for POS tagging corpus and creating 
factored training data from tagged data. The training 
parallel corpus is tagged with part of speech and lemma 
and other factors. There are words in Urdu corpus which 
are not properly lemmatized and tagged and there are 
words which are lemmatized but not tagged by the 
Apertium tool. We have manually reformed and applied 
morphological features to such words in the corpus 

The generation and translation tables are learnt from 
word aligned parallel corpus and scoring methods are 
defined that help to choose between ambiguous mappings. 
Generation models are probability distributions that are 
estimated on output side only. 

C. Language Model 

In statistical approach, translation problem is depicted 
as modeling the probability distribution p(T|S), where T is 
the target language text and S is source language text. 
Suppose we have a parallel corpus of source language say 
English (E1, E2, …, En) and target language say Urdu 
(U1, U2, …, Un), now we have to develop the system 
which will be able to translate automatically, the English 
text into Urdu. So we have to simply find out the target 
language sentence which have the highest probability for 
the given source language sentence i.e. conditional 
probability, and this sentence would be the most probable 
translation for the input sentence [3].  

Therefore: Translated text (Ut) = argmax {p(U|E)},  
Where, argmax is the search method to find out the 

output in the target language. This distribution can be 
rewritten using Bayes’ theorem: 

p(U|E) = p(E|U) * p(U) / p(E). 
Since E is the text in source language which has to be 

translated, so we can assign p(E) = 1 as it is fixed. 
So, p(U|E) = p(E|U) * p(U). 
It means that most likely translation can be obtained by 

maximizing the product of two terms i.e. p(E|U) and p(U). 
Hence: Translated text (Ut) = argmax {p(E|U) * p(U)}.  

This approach of machine translation is referred as 
source channel approach or the fundamental statistical MT 
equation [3]. It generates three main problems of statistical 
MT approach: first is translation modeling problem it 
means to find the data from which p(E|U) can be 
estimated, second is language modeling problem it means 
to find the data from which p(U) can be estimated and 
third is search problem i.e. to find an efficient and effective 
suboptimal searching algorithm for the target language 
string which maximizes the product p(E|U) * p(U). While 
translating, we have a sequence of words and numerous 
sequences of words can be generated from these words. To 
find out the best sequence from these sequences, every 
conceivable sequence of words is assigned a probability 
then, most probable sequence is chosen for translation.  

Consider the following sentences: 
English: Ram gave books to Sita. 
Urdu:  ید یںکو کتاب یتارام نے س  
Urdu: rām ne sītā ko kitābeń dī 
Urdu:  ید یںنے رام کو کتاب یتاس  
Urdu: sītā ko rām ne kitābeń dī 
Both, Urdu sentences represent the same meaning but 

the chance of the second sentence to be chosen is rare 
because the occurrence of the sequence ‘sītā ko rām ne’ is 
very less than the occurrence of the sequence ‘rām ne sītā 
ko’ in our corpus, so the probability of the first sentence to 
be chosen as translation is higher than the second sentence. 
Probabilities of n-gram sequences can be calculated 
automatically from the corpus. p(ne | rām) is the 
conditional probability if the given word is ‘rām’ then the 
next word will be ‘ne’. The conditional quad-gram 
probability for the sequence ‘rām ne sītā ko’ which is p(ko 
| rām ne sītā) can be calculated by dividing the number of 
total occurrences where ‘ko’ is followed by ‘rām ne sītā’ 
and the total number of occurrence of ‘rām ne sītā’ in the 
corpus and so on. There may be such words sequences 
which are never appeared in the training corpus, the 
processes of assigning non-zero probabilities to these 
sequences is called smoothing and the process of assigning 

155



the probabilities to sentences is referred as language 
modeling. Language modeling is necessary for word-
ordering and choosing alternate translation [9] as in the 
above example.  

The second term p(U) of the product p(E|U) * p(U) is 
called language model [2, 3]. SRILM is an open source 
language modeling toolkit to build and evaluate language 
models [23]. The monolingual corpus is used by SRILM 
language modeling toolkit to train and to create language 
model with modified Kneser-Ney discounting and 
interpolation. We have created a 5-gram language model. 
Language model is used to assign probabilities to the 
hypothesis translations. Modified Kneser-Ney discounting 
is used as smoothing scheme for training 5-gram language 
model. There are more open source statistical language 
modeling toolkits available like IRSTLM, RandLM and 
KenLM. 

D. Translation Model 

The first part p(E|U) of the product p(E|U) * p(U) 
models the probability that U appears from the channel 
when E is the input to the channel. This term in statistical 
MT is called translation model. It has the domain of all 
pairs of source and target (E, U) language sentences. Word 
to word translation is of no use especially for the language 
pair like English and Urdu, as Urdu is a morphologically 
rich and both languages belong to different grammatical 
classes, so alignment between the sentences of both 
languages is required. Let us see the following example 
sentence for more illustration: 

English: Play the movie 
Urdu: فلم چال دو 
Urdu Transliteration: film chalā do 

The possible alignments for the above example can be as 
follows: 

 
Figure 2.   Possible alignments of example sentence. 

In first alignment in figure 2(a), ‘the’ and ‘movie’ is 
aligned to single word Urdu ‘فلم’ while in second alignment 
as shown in figure 2(b) ‘the’ is not aligned to any Urdu 
word. ‘Play’ in both alignments is aligned to ‘چال دو’. There 
can be more than one alignment for any sentence.  

Giza++ is a tool for learning statistical translation 
models and is a widely used alignment tools to build align 
files and for phrase extraction from parallel aligned corpus. 
GIZA++ is an implementation of statistical translation 
models presented in [3, 15, 16 and 28]. There are other 
word aligner tools also available like Barkley aligner and 
MGIZA. The parallel corpus is tagged and factorized by 
Apertium tool. This factorized data is fed to Moses 
decoder. Moses builds factored translation model using 
GIZA++. To generate the alignment files and translation 
tables, parallel aligned plain corpus is transformed into 
GIZA++ format using the plain2snt.out program from 
GIZA++ package which generates vocabulary and bitext 

files. These files are used as input by GIZA++ to generate 
alignment files, perplexity files, cross entropy files revised 
vocabulary files and different probability tables as 
translation table, fertility table, HMM table etc. 

E. Decoder 

The actual translation is performed by the decoder. For 
a given sentence U in the target language, decoder 
searches for a viable translation by selecting a sentence E 
in the source language which maximizes the probability 
p(E|U). Moses [5] is SMT decoder to decode and train 
translation models for a pair of language. System is trained 
and tuned with minimum error rate training [16] for 
performance. The training scripts in Moses generate 
reordering and phrase tables using word aligner tools. 
Moses toolkit uses GIZA++ for creating word alignment. 
Word order probabilities for the target language are 
generated using language modeling toolkit. Moses uses 
these word order probabilities for selecting the best match 
from the translation matches in source word sequences to 
target word sequences in tables. The tuning scripts find the 
optimal configuration for best translation by repeatedly 
translating source sentences and comparing the translations 
to the reference sentences.  

Moses decoder uses an implementation of beam search 
algorithm which is roughly to Tillmann and Och work [17, 
26]. For an input sentence, a number of sequences of 
translation can be possible. Each such possible sequence of 
translation is a translation option. All these sequences or 
translation options are collected then decoding takes place. 
The information with which these translation options are 
stored is first and last foreign word covered, phrase 
translation probability and English phrase translations. The 
beam search algorithm employed by Moses is similar to 
the one employed by Jelinek [7]. In initial state of the 
search, no English word is translated and Urdu word has 
been generated. The new states are created extending the 
Urdu output with the phrasal translation of English input 
words which are not translated yet. The current cost of any 
new state is the original state cost multiplied by the 
translation, distortion and language model costs of added 
phrasal translation. A high cost here means a low 
probability. Each hypothesis (search state) is denoted by a 
back link to best previous state, all the English words 
covered, last two Urdu words generated, end of the last 
English phrase covered and the costs computed so far. In 
search, final states are the hypotheses which cover all 
foreign words. The hypothesis with highest probability 
(i.e. lowest cost) is selected from all the hypotheses as the 
best translation. 

IV. RESULTS AND EVALUATION 

English-Urdu system was trained using around 16300 
sentences. We have used BLEU [18] to calculate the score 
of system output. BLEU (Bilingual Evaluation 
Understudy) is an IBM-developed metric and uses 
modified n-gram precision to compare the candidate 
translation against reference translations. It takes the 
geometric mean of modified precision scores of the test 
corpus and then multiplies the result by exponential 
brevity penalty factor to give the BLEU score. Modified 
precision score can be calculated as follows: 

Play the movie Play the movie 

 فلم چال دو فلم چال دو

(a) (b) 
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 Where C is the set of candidate translation sentences
C’ is the set of reference sentences. Count clip in this 
equation is calculated as: 

 Countclip = min (Count, Max_Ref_Count). 
The formula for calculating brevity penalty is

   
Where r is the length of reference and c is the length 

of candidate;  
Then Bleu score is calculated as: 

���� = ��. exp	 ���� ���

The n-gram BLEU score obtained by the system was 
0.415.  

 
Precision is fraction of correct instances among those 

that algorithm believes to belong to relevant subset [
and is calculated as: 

;  
Where Y is the set of candidate items and X is the set 

of reference items. 
Recall is fraction of correct instances among all 

instances that actually belong to relevant subset [
can be calculated as: 

;  
Where Y is the set of candidate items and X is the set 

of reference items. 
F-Measure: It is an MT evaluation metric developed at 

the New York University. The F-measure is defined as the 
harmonic mean of precision and the recall as:

METEOR [1] (Metric for Evaluation of Translation 
with Explicit ORdering) is an MT evaluation metric 
which is developed at Carnegie Mellon University. The 
Meteor metric is based on the weighted harmonic mean of 

unigram precision  and unigram recall

. Where m is number of unigram matches, wt 
is the number of unigrams in candidate translation and wr 
is the reference translation. Fmean is calculated by 
combining the recall and precision via a harmonic
[14] that places equal weight on precision and recall as 
follows: 

����� =
2��

� + �
 

This measure is for congruity with respect to single 
words but for considering longer n-
penalty p is calculated for the alignment as:

 
Where c is the number of chunks, and

number of unigrams that have been mapped. The more 
mappings there are, that are not adjacent in the reference 
and the candidate sentence, the higher the penalty will be. 

Where C is the set of candidate translation sentences and 
is the set of reference sentences. Count clip in this 

= min (Count, Max_Ref_Count).  
The formula for calculating brevity penalty is 

Where r is the length of reference and c is the length 

������ 

gram BLEU score obtained by the system was 

is fraction of correct instances among those 
lgorithm believes to belong to relevant subset [27] 

Where Y is the set of candidate items and X is the set 

is fraction of correct instances among all 
instances that actually belong to relevant subset [27] and 

Where Y is the set of candidate items and X is the set 

: It is an MT evaluation metric developed at 
measure is defined as the 

recall as: 

 
[1] (Metric for Evaluation of Translation 

with Explicit ORdering) is an MT evaluation metric 
which is developed at Carnegie Mellon University. The 
Meteor metric is based on the weighted harmonic mean of 

and unigram recall

. Where m is number of unigram matches, wt 
is the number of unigrams in candidate translation and wr 
is the reference translation. Fmean is calculated by 
combining the recall and precision via a harmonic-mean 

t places equal weight on precision and recall as 

This measure is for congruity with respect to single 
-gram matches, a 

penalty p is calculated for the alignment as: 

chunks, and um is the 
number of unigrams that have been mapped. The more 
mappings there are, that are not adjacent in the reference 
and the candidate sentence, the higher the penalty will be.  

Final Meteor-score (M-score) can be calculated as:

 

Figure 3.   Comparative MT score for some randomly selected 
sentences

Figure 3 above represents the comparative score of 
system output for some randomly sentences calculating 
using different MT evaluation methods and also precision 
and recall. It has been observed that system performs better 
on the sentences which have the same domain as 
training corpus. 

We have calculated MT scores for around 800 test 
sentences and obtain an average precision of 0.724, recall 
of 0.619 and n-gram Bleu score for the same test achieved 
is 0.429 with F-measure 0.578 and METEOR 0.542.

V. CONCLUSION AND 

We have used factored translation model as Urdu is 
morphological rich language and factored translation 
models perform well in such cases. Factored translation 
model operates on general information such as lemma 
instead of superficial form of the wor
models built using this techniques perform better for 
morphologically-rich languages like Urdu, Arabic, 
Turkish, Finnish, Korean, etc. The major problem we 
faced is the availability and accessibility of parallel corpus 
for English-Urdu. Results can be improved with more 
amount of parallel corpus. We have depicted some of the 
translated sentences by our system. The n
precision, recall, F-measure and Meteor score calculated 
for these sentences is also discussed. MT evaluatio
achieved by the system for around 800 test sentences are: 
n-gram Bleu score is 0.429, F
METEOR score is 0.542 and precision is 0.724, recall is 
0.619.  
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Abstract  

Plastic money is now becoming part of every one’s life. Nobody wants to carry cash in the 
pocket instead they prefer plastic money. Tremendous growth in use of Debit/ Credit cards has 
been noticed in last decade. Banks are providing Debit/ Credit cards with pin. Any card can be 
used with the combination of PIN( Personal Identification Number). In case of loss and theft it 
can be misused easily. This paper is an effort to provide a frame work for providing biometric 
feature for additional security, PIN for user identification and biometric feature for verification.  

Introduction: 

Traditionally, access to Banks ATM has been controlled by specific artifact (such as smart card) 

and /or knowledge of specific piece of information such as personal identification number or a 

password. Gong and colleagues noted that if people are permitted to choose their own password 

they tend to select one which are easily guessed. People tend to choose one that is related to 

everyday life. They choose PIN or password which is easy to remember, and, typically predicted, 

or they change all PIN and password to be same. Also, people are often relax about the security 

of this information and may deliberately share the information or write down the PIN and even 

keep it with the card itself.  Once card has been lost or stolen, it can be used easily by 

unauthorized person. The number of misuse of the card is increasing day by day and customers  

face problems. The more reliable and secure system is required to prevent this. Providing 

biometric security system for identification is also not a solution due to lack of consistency of 

biometric system for large database.     

A combination of PIN and a biometric feature in serial fashion may be used to solve this 

problem. Card with the PIN will identify the user and after identification the biometric feature 

will verify that the card user is authentic user. Biometric systems are giving 99.999% result in 

positive identification.  

Method of Implementation: 

This proposed system can operate or be implemented using one of the following methods.  

 Serial Mode: In this method of operation, output of one modality is used to narrow down 

the number of possible identities before the next modality is used. In this method PIN and 

biometric feature is used in serial fashion. 
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 Parallel Mode: In the parallel method of operation the PIN and Biometric feature is used 

simultaneously to perform recognition.  

 Hierarchical Mode: In this method of operation, classifier is combined in tree like 

structure but this method is useful where multimodal biometrics is used and number of 

classifier is large. 

In this proposed system serial mode has been used because card and PIN will be narrowing the 

biometric match to Positive Identification (one-to-one). It will increase the efficiency and 

accuracy of the proposed system. For example a person claims through card and PIN that he is 

Mr. X within the authentication system and offers a biometric feature the system then either 

accepts or rejects the claim based on the comparison performed between the offered pattern and  

the enrolled pattern associated with the claimed identity.    

 

Figure-1 Enrollment and Verification process. 

The above figures shows the enrollment and verification process. In proposed system user will 

claim identity by offering card and PIN and if the combination of both are valid then verification 

of claimed identity will be judged by biometric system.  
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Selection of Biometric:  

A number of biometric characteristics exist and are use in various applications. Each biometric 

has its strength and weakness, and the choice depends on the application. The match between a 

specific biometric and an application is determined on the operational mode of application and 

the properties of the biometric characteristics. A brief introduction of the possible biometric 

characteristics may be used in the proposed system. In this paper only Iris, face, voice, and 

fingerprint has been taken due to universality, performance, permanence and acceptability. 

Iris :  The iris is the annular region of the eye bounded by the pupil and the sclera (white part of 
the eye) on either side. The visual texture of the iris is formed during fetal development and 
stabilizes during the first two years of life. The complex iris texture carries very distinctive 
information useful for personal recognition. The accuracy and speed of currently deployed iris-
based recognition systems is promising and point to the feasibility of large-scale identification 
systems based on iris information. Each iris is distinctive and, like fingerprints, even the irises of 
identical twins are different. It is extremely difficult to surgically tamper the texture of the iris. 
Further, it is rather easy to detect artificial irises (e.g., designer contact lenses). Although, the 
early iris-based recognition systems required considerable user participation and were expensive, 
the newer systems have become more user-friendly and cost-effective. With iris verification, for 
application at ATMs, a wide angle camera finds the head of the person to be identified. A zoom 
lens then targets in on the user’s iris and takes a digital photo. A template of concentric lines is 
laid on the iris image and a number of specific points are recorded and the information converted 
into a digital template. This can then be compared with others for verification and identification 
purposes. 
 
Face: Face recognition is a non-intrusive method, and facial images are probably the most 
common biometric characteristic used by people to make a personal recognition. The 
applications of facial recognition range from a static, controlled “mug-shot” verification to a 
dynamic, uncontrolled face identification in a cluttered background (e.g., airport). The most 
popular approaches to face recognition are based on either (i) the location and shape of facial 
attributes, such as the eyes, eyebrows, nose, lips, and chin and their spatial relationships, or (ii) 
the overall (global) analysis of the face image that represents a face as a weighted combination of 
a number of canonical faces. While the verification performance of the face recognition systems 
that are commercially available is reasonable, they impose a number of restrictions on how are 
the facial images obtained, sometimes requiring a fixed and simple background or special 
illumination. These systems also have difficulty in recognizing a face from images captured from 
two drastically different views and under different illumination conditions. It is questionable 
whether the face itself, without any contextual information, is a sufficient basis for recognizing a 
person from a large number of identities with an extremely high level of confidence. In order that 
a facial recognition system works well in practice, it should automatically (i) detect whether a 
face is present in the acquired image; (ii) locate the face if there is one; and (iii) recognize the 
face from a general viewpoint (i.e., from any pose). 
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Voice: Voice biometrics has been used for several years in telephony by many banks and 
correction services - to verify the identity of calling individuals (one-to-one speaker verification). 
It is also used by police in forensic investigations as an important piece of evidence (one-to-
many speaker identification). It has never been used however in fully-automated applications and 
in particular those dealing with high security. The technology used today in voice biometric has 
been available science the 1960 when Texas instrument introduced it. Of all form of biometrics, 
voice has lead in research in recent years. Moreover it also convey one of the greatest challenges, 
which is to capture voice sample and be able to complete authentication process with the 
presence of   noise, distortion, etc. One of the major drawback of this system is how to account 
for the variation in voice during sampling. Variations in one’s  voice  could be due to following 
reason: illness, fatigue, pitch , surgery or any combination of that.   
 
Fingerprint: Human have used fingerprints for personal identification for a very long time. 
Modern fingerprint matching techniques were initiated in the late 16th century. Henry Fauld, in 
1980, first scientifically suggested the individuality and uniqueness of fingerprints. At the same 
time, Hercchel asserted that he had practiced fingerprint identification for about 20 years. This 
discovery established the foundation of modern fingerprint identification. A finger print is a 
pattern ridges and valleys on the surface of the finger tip,  the formation of which is determined 
during the first seven month of fetal development. Even fingerprint of identical twin is different 
and so are the prints of each finger of the same person. Most fingerprint approaches use specific 
feature minutiae as a description of the fingerprint. These minutiae are composed of big details like 
starting lines, splitting lines and line fragments and smaller ones like ridges ending, incipient 
ridges, bifurcation, pores, delta and line shapes. Automatic minutiae detection is an extremely 
critical process, especially in low-quality fingerprint images, where noise and contrast deficiency 
can originate pixel configurations similar to minutiae or hide real minutiae.    
 
Hand and Finger Geometry: Hand and finger geometry recognition is the process of 
identifying an individual through the unique "geometry" (shape, thickness, length, width, etc.) of 
that individual's hand or fingers. Hand geometry recognition has been employed since the early 
1980's and is among the most widely-used biometric technologies for controlling access to 
important assets. It is easy to install and use, and is appropriate for use in any location requiring 
highly-accurate, non-intrusive biometric security. The technique is very simple, relatively easy to 
use and inexpensive. Dry weather or individual anomalies such as dry skin do not appear to have 
any negative effects on the verification accuracy. Since hand geometry is not very distinctive it 
cannot be used for identification of an individual from a large population, but rather in a 
verification mode. Further, hand geometry information may not be invariant during the growth 
period of children. Limitations in dexterity (arthritis) or even jewelry may influence extracting 
the correct hand geometry information. This method can find its commercial use in laptops rather 
easy. There are even verification systems available that are based on measurements of only a few 
fingers instead of the entire hand. These devices are smaller than those used for hand geometry. 
A Comparison of Various Biometrics : 
Biometric characteristic may be used, if it is fulfilling the following requirement: 
Universality: Each person should have the characteristics. 
Distinctiveness: Any two persons should be different in terms of characteristics. 
Permanence: The characteristics should be invariant over a long period of time. 
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Collectability: The characteristic can be measured quantitatively. 
Apart from these, there are other important issue should be considered while implementing 
biometrics system. 
 
Performance:  This refers to achievable recognition accuracy and speed, as well as resources 
required to meet the desired recognition accuracy and speed and the factors which affect the 
accuracy and speed of biometric system.     
Acceptability: This indicates the extent to which, people are willing to accept the use of 
particular biometric feature. Many people can resist giving their specific biometric feature like 
DNA and blood.    
Circumvention: This reflects how easily recognition system can be fooled or broken. 
A practical biometric system while selecting biometric feature for banks,  should meet the 
specified recognition accuracy, speed, and resource requirements, be harmless to the users, be 
accepted by the intended population, and be sufficiently robust to various fraudulent methods 
and attacks to the system. For the selection of biometric feature in banks ATM the feature should 
meet the above mention characteristics. However universality, distinctiveness, permanence and 
performance should be higher in the proposed biometric system.  
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Iris High High High Medium High High Low 
Face High Low Medium High Low High High 
Voice  Medium Low Low Medium Low High High 
Fingerprint Medium High High Medium High Medium Medium 
Hand  
Geometry  

Medium Medium Medium High Medium Medium Medium 

     
 
 
 
Conclusion  Due to high distinctiveness, permanence and high performance fingerprint may 
used for second layer of security. The cost of fingerprint recognition device is also low in 
comparison to other biometric devices. Fingerprint devices are easy to implement and use. 
Implementation of additional security feature will improve the ATM security system of banks 
with minimum investment and minimum change in existing process.          
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ABSTRACT--A Routing mechanism is proposed for 

highly dynamic mobile ad hoc networks to deliver the 

data packets in a reliable and timely manner. Most 

existing ad hoc routing protocols are susceptible to node 

mobility, especially for large-scale networks. Driven by 

this issue, an efficient Position-based Opportunistic 

Routing (POR) protocol is proposed which takes 

advantage of the stateless property of geographic 

routing and the broadcast nature of wireless medium. 

When a data packet is sent out, some of the neighbor 

nodes that have overheard the transmission will serve as 

forwarding candidates, and take turn to forward the 

packet if it is not relayed by the specific best forwarder 

within a certain period of time. By utilizing such in-the-

air backup, communication is maintained without being 

interrupted. The additional latency incurred by local 

route recovery is greatly reduced and the duplicate 

relaying caused by packet reroute is also decreased. In 

the case of communication hole, a Virtual Destination-

based Void Handling (VDVH) scheme is further 

proposed to work together with POR. Destination 

prediction scheme is used in association with POR 

protocol to avoid LOOP problem. Both theoretical 

analysis and simulation results show that POR achieves 

excellent performance even under high node mobility 

with acceptable overhead and the new void handling 

scheme also works well. Efficiency of proposed protocol 

is compared with GPSR scheme. 

Keywords-Position based Opportunistic Routing (POR) 

Protocol, Virtual Destination-based void Handling 

(VDVH), Destination Prediction Scheme, GPSR scheme 

1. INTRODUCTION 

Topology based routing protocols   

Topology based routing protocols use the information 

about the links that exist in the     network to perform 

packet forwarding. They can be further divided into 

proactive, reactive and hybrid approaches.  

Proactive algorithms employ classical routing 

strategies such as distance vector routing (e.g., 

DSDV) or link state routing such as OLSR and 

TBRPF. They maintain routing information about the 

available paths in the network even if these paths are 

not currently used. The main drawback of these 

approaches is that the maintenance of unused paths 

may occupy as significant part of the available 

bandwidth if the topology of the network changes 

frequently. 

Reactive routing protocol such as DSR, TORA and 

AODV maintain only the routes that are currently in 

use, thereby reducing the burden on the network 

when only a small subset of all available routes is in 

use at anytime. These protocols have the following 

limitation. Since routes are only maintained while in 

use, it is typically required to perform a route 

discovery before packets can be exchanged between 

communication peers. This leads to a delay for the 

first packet to be transmitted. Even though route 

maintenance for reactive algorithm is restricted to the 

routes currently in use, it may still generate a 

significant amount of network traffic when the 

topology of the network changes frequently. Packets 

en route to destination are likely to be lost if the route 

to the destination changes. 

 

Position based routing protocols 

Position based routing algorithms eliminate some of 

the limitations of topology-based routing by using 

additional information. They require that information 

about the physical position of the participating nodes 

be available. Commonly each node determines its 

own position through the use of GPS or some other 

type of positioning service. A location service is used 

by the sender of a packet to determine the position of 

the destination and include it I the packet’s 

destination.  

The routing decision at each node is then based on 

the destination’s position contained in the packet and 

the position of the forwarding node’s neighbors. 

Position based routing thus does not require the 

establishment or maintenance of routes. The nodes 

have neither to store routing tables nor to transmit 

messages to keep routing tables up to date. As a 

further advantage, position-based routing supports 

the delivery of packets to all nodes in a given 

geographic region in a natural way. This type of 

service is called geocasting. 
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In networks comprised entirely of wireless stations, 

communication between source and destination nodes 

may require traversal of multiple hops, as radio 

ranges are finite. A community of adhoc network 

researchers has proposed, implemented, and 

measured a variety of routing algorithms for such 

networks. The observation that topology changes 

more rapidly on a mobile, wireless network than on 

wired networks, where the use of Distance Vector 

(DV), Link State (LS), and Path Vector routing 

algorithms is well established, motivates this body of 

work. DV and LS algorithms require continual 

distribution of a current map of the entire network’s 

topology to all routers. DV’s Bellman- Ford approach 

constructs this global picture transitively; each router 

includes its distance from all network destinations in 

each of its periodic beacons. LS’s Dijkstra approach 

directly floods announcements of the change in any 

link’s status to every router in the network. Small 

inaccuracies in the state at a router under both DV 

and LS can cause routing loops or disconnection. 

When the topology is in constant flux, as under 

mobility, LS generates torrents of link status change 

messages, and DV either suffers from out-of-date 

state, or generates torrents of triggered updates. The 

two dominant factors in the scaling of a routing 

algorithm are: 

_ The rate of change of the topology. 

_  The number of routers in the routing domain. 

Both factors affect the message complexity of DV 

and LS routing algorithms: intuitively, pushing 

current state globally costs packets proportional to 

the product of the rate of state change and number of 

destinations for the updated state. 

Hierarchy is the most widely deployed approach to 

scale routing as the number of network destinations 

increases. Without hierarchy, Internet routing could 

not scale to support today’s number of Internet leaf 

networks. An Autonomous System runs an intra-

domain routing protocol inside its borders, and 

appears as a single entity in the backbone inter-

domain routing protocol, BGP. This hierarchy is 

based on well-defined and rarely changing 

administrative and topological boundaries. It is 

therefore not easily applicable to freely moving ad-

hoc wireless networks, where topology has no well-

defined AS boundaries, and routers may have no 

common administrative authority 

We propose the aggressive use of geography to 

achieve scalability in our wireless routing protocol, 

Position-based Opportunistic Routing (POR) 

protocol. We aim for scalability under increasing 

numbers of nodes in the network, and increasing 

mobility rate. As these factors increase, our measures 

of scalability are: 

_ Routing protocol message cost: How many routing 

protocol packets does a routing algorithm send? 

_ Application packet delivery success rate: what 

fractions of applications’ packets are delivered 

successfully by a routing algorithm? 

_ Per-node state: How much storage does a routing 

algorithm require at each node? 

2. CONTRIBUTION 

 With GPSR, a packet is forwarded towards 

the coordinate of the destination stored in the packet 

header, and identification of a node is meaningless 

until the packet reaches the destination node in 

greedy forwarding. Consider the case when a 

destination node moves away from its original 

location and another becomes a node located closest 

to the original coordinate of the destination. This 

situation is misunderstood as local maximum by 

GPSR protocol, and the perimeter mode forwarding 

is used to resolve this problem. However, packets 

normally get dropped unless the destination node 

doesn’t come back to near the original location and 

becomes the closest node to the destination location 

of the packet. Perimeter forwarding generates 

wasteful loops in this situation, and we label these 

situations as LOOP problems, 

Destination Location Prediction (DLP) 

Mobility prediction scheme is a solution to the LOOP 

problem, which turns out to be the most serious 

problem for greedy forwarding. A great number of 

packets get dropped even when those are delivered to 

a neighbor node of the destination node. Packet drop 

after forwarding it to a neighbor of a destination node 

is the most undesirable thing to do with packet 

routing because it means more wastage of energy and 

bandwidth in the network. To avoid this kind of 

problem and to increase the chance of packet delivery 

for the case when the destination node is moved out 

of its original location, a destination location 

prediction (DLP) scheme is proposed. With DLP, 

each node searches its neighbor list for the 

destination node before it makes a packet forwarding 

decision based on the location information of the 

destination. If the destination node exists in the 

neighbor list and located within the transmission 

range of the packet holder, the packet is forwarded 

directly to the destination node without further 

calculation for finding a closest neighbor to the 
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destination. LOOP problems can be overcome by 

utilizing the identification information of nodes as 

well as location information. Mobile systems are 

characterized by the movement of their constituents. 

The nature of movement — its speed, direction, and 

rate of change — can have a dramatic effect on 

protocols and systems designed to support mobility. 

Unfortunately, movement in the physical world is 

often unrepeatable. Live use of a mobile system can 

provide meaningful insight, but cannot form the sole 

basis of experimental evaluation. Performance of the 

proposed protocol is checked over three mobility 

models. 1. Random waypoint 2.Random direction 3 

Random walkers. We consider three movement 

patterns: Random way point selects the movement 

location independently from each other. Random 

direction selects the movement independently from 

one another. Random walk selects the movement 

having the equal probability of hopping in any 

direction. 

 

 

Fig-1 

  

4. CONCLUSION 

The problem of reliable data delivery in highly 

dynamic mobile ad hoc networks considered. 

Constantly changing network topology makes 

conventional ad hoc routing protocols incapable of 

providing satisfactory performance. In the face of 

frequent link break due to node mobility, substantial 

data packets would either get lost, or experience long 

latency before restoration of connectivity. Inspired by 

opportunistic routing, we propose a novel MANET 

routing protocol POR which takes advantage of the 

stateless property of geographic routing and 

broadcast nature of wireless medium. Besides 

selecting the next hop, several forwarding candidates 

are also explicitly specified in case of link break. 

Leveraging on such natural backup in the air, broken 

route can be recovered in a timely manner. The 

efficacy of the involvement of forwarding candidates 

against node mobility, as well as the overhead due to 

opportunistic forwarding is analyzed. Through 

simulation, we further confirm the effectiveness and 

efficiency of POR: high packet delivery ratio is 

achieved while the delay and duplication are the 

lowest. On the other hand, inherited from geographic 

routing, the problem of communication void is also 

investigated. To work with the multicast forwarding 

style, a virtual destination-based void handling 

scheme is proposed. By temporarily adjusting the 

direction of data flow, the advantage of greedy 

forwarding as well as the robustness brought about 

by opportunistic routing can still be achieved when 

handling communication voids. Traditional void 

handling method performs poorly in mobile 

environments while VDVH works quite well. 

Significant amount of lost packets and wasted 

network resources can be saved using destination 

location prediction scheme. 

5. FUTURE WORK 

 Accurate position information is needed for 

the efficient performance of POR protocol. Future 

work will be to make greedy routing more tolerant of 

inaccurate position information. 
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Abstract—Diabetic retinopathy causes blindness due to
the physiological changes in the eye. Due to progression
of diabetes, fundus images differ from normal fundus
images by the presence of lesions such as: microaneurysm,
hemorrhages, exudates, cotton wool spots and variations in
blood vessels etc. Automatic detection of these lesions is very
important for diagnosis and therapy of diabetic retinopathy.
In this paper, a rule-based system is proposed for automatic
diagnosis of diabetic retinopathy. Here, the probabilities of
lesion appearance on the fundus image are examined by
taking eight (8) indications (28 = 256 number of possible
cases of diabetic retinopathy) on the images using a medical
expert system. Based on the possible lesion combinations
and the types of diabetic retinopathy, the truth table is
established. Forty-nine images with different lesions are
evaluated with the proposed expert system. Accuracy of this
system is found to be89.79%.

Index Terms—Rule based system,diabetic retinopathy,
glaucoma, fundus image,CDR,microaneurysm

I. Introduction

Diabetes is a chronic end organ disease which occurs
due to insufficient secretion of insulin from pancreas [1].
Physical inactivity, aging in population, and increasing
levels of obesity are contributing factors for the main
cause of diabetics [2]. According to the global diabetics
study the disease is expected to rise from nearly2.8% in
2000 to4.4% of the world population by 2030 [3]. Over
time, diabetes affects the circulatory system, including
that of the retina in the eye. Diabetic retinopathy (DR)
is a medical condition where the retina in the eye is
damaged due to fluid leaking from blood vessels into
the retina. Ophthalmologists recognize the DR based on
the features on retina such as red lesions (microaneurysm
(MAs), small intra retinal dot hemorrhages, larger blot
hemorrhages), white lesions (exudates and cotton wool
spots) etc [4]. The image of the retina is called fundus
image which is captured by a special camera called fundus
camera [5]. The condition of the retina can be predicted
by analyzing the fundus image [6]. Figure 1 shows the
image of retina in normal and disease cases. The figure
also shows different lesions those appear during the
progression of DR. Normal fundus image shows optic
disc, macula and blood vessels. An healthy retina doesn’t
contain any lesion. Different lesions appear in the retina
as the disease progresses. The appearance of retina in
different stages of DR is shown in Figure 2. Figure 2(a)
is the normal image which doesn’t contain any lesion.

The ratio of cup area to disk area increases in Figure 2(b)
with some white patches on the left side. It is an image of
glaucoma affected eye. Figure 2(c) is the image of mild
non-prolific diabetic retinopathy (NPDR) which contains
microaneurysm (MA). Microaneurysm (MA) along with
exudates or hemorrhages are shown in Figure 2(d). This
is moderate NPDR stage. The degree of NPDR varies
with the number of lesions. During severe prolific diabetic
retinopathy (PDR), exudates and hemorrhages appear in
the retina. In this case, the size and the numbers are more
as shown in Figure 2(e). In mild PDR, the lesions appear
near to the macula as shown in Figure 2(f). During severe
PDR, the lesions appear over the macula as shown in
Figure 2(g) and Figure 2(h). In these cases, new blood
vessels also appear which is called neovascularization. .

Fig. 1. Normal and DR fundus image

Microaneurysms are the earliest unequivocal indicators
for the presence of diabetic retinopathy (DR) [7]. These
are saccular outpourchings of retinal capillaries. They
are continually formed while the existing ones disappear.
They look like isolated patterns. Microaneurysms are
small red dots with sizes equal to the size of a pin
head (diameter ranges from 10µm to 100µm). Exudates
are the protein and lipid deposits over the retina from
the damaged blood vessels [8], [9]. They are found as
yellowish patches with irregular borders over the retina.
They appear as soft and hard exudates. Soft exudates are
oval in shape whereas hard exudates are irregular in shape.
Soft exudates disappear between 4 to 12 weeks whereas
hard exudates have tendency to form coalescence or
macular star. During image segmentation, hard exudates
are conflicted with the optic disc (OD). Drusens are hyper
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Fig. 2. Appearance of retina in different stages of DR (a) normal fundus image, (b) glaucoma, (c) mild NPDR, (d) moderate NPDR, (e) severe
NPDR, (f) mild PDR, (g) severe PDR, (h) severe PDR

I/P

Fundus 
Image

Preprocessing
Detection

Rule Based 

System of DR

GradingLesion/Feature

Fig. 3. Proposed Method: rule based system for grading of DR

fluorescent spots with yellowish in color, which are marks
of macular degeneration [10]. They appear anywhere
on the surface of retina as soft and hard drusens. Soft
drusen is dome shaped where as hard drusen has a small
nodule shape. In glaucoma, the structure of the optic disc
(OD) changes and it leads to cupping due to increase
in intraocular pressure [11], [12]. Effective treatment is
possible if the conditions are detected early. So, detection
of these lesions is important for the diagnosis of diabetic
retinopathy.

A large number of papers are published in the literature
for detection and segmentation of different lesions from
the color fundus images. Segmentation of blood vessels
help provide the information about the condition of blood
vessels [13], [14]. Nirmalaet al., have quantified the
blood vessel information present in different wavelet
subbands [15]. Niemeijeret al., [16], Quellec et al.,
[7] and Walter et al., [17] detect the microaneurysms
from the color fundus images. Exudates are extracted by
Walter et al., [8] and Osarehet al., [9]. Bock et al.,have
determined the glaucoma from color fundus images [12].
These methods are aimed at segmentation of the features.
Automatic diagnosis of diabetic retinopathy from fundus
image has not been attempted. The work presented in this
paper aims at developing an automated diagnostic system

for diabetic retinopathy.
Artificial intelligence (AI) is used for automatic diagno-

sis, treatment and advice for medicine based on heuristic
and logical approach rather than mathematical approach
[18]. In case of fundus image, the features are diverse and
incremental during the progression of diabetic retinopathy
(DR). Knowledge based system models the reasoning
process of a physician in detection, classification and
diagnosing the disease. In this work, a rule based system
is proposed with some feature extraction techniques for
automatic detection of different stages of DR. The stages
of DR is detected by considering eight (8) indications
(28 = 256 number of possible cases). The rest part
of this paper is organized as follows. Methodology is
explained in section II. Results and Discussions are shown
in Section III and conclusions are discussed in Section IV.

II. Methodology

The proposed method uses the characteristics of fea-
tures/lesions of the color fundus images to develop a
rule based system for automatic grading of DR. This rule
based system is designed with features, cup to disc ratio
(CDR), microaneurisms, hemorrhages, exudates, cotton
wool spots, drusen and new vessels. Normal fundus image
consists of OD, macula and blood vessels (shown in

169



Figure 1). The characteristics of these features and lesions
are tabulated in Table. I and Table II respectively. The
proposed method for automatic diagnosis of DR by a rule
based system is shown in Figure 3. It consists of following
steps such as preprocessing, detection of lesions and rule
based system.

A. Preprocessing and Detection of Lesions

Color fundus image is captured by the fundus camera
and it is used for automatic DR grading based on lesions.
Among the three color channels (red, green and blue), the
green channel is used for preprocessing as it has higher
contrast between the lesions/features and the background.
Preprocessing consists of illumination correction and his-
togram equalization [21].

Then histogram equalization is applied to all the images
in order to spread energy of all the pixels inside the image
and then normalize them to equalize the amount of energy
related to each image.

The lesions are detected from the illumination cor-
rected images. Microaneurysms, exudates, hemorrhages
and optic disc (OD) can be detected by mathematical
morphology operation. Mathematical operation uses an
image and a mask to produce morphological primitives
[22]. The basic morphological operations are dilation and
erosion. By combining dilation and erosion other mathe-
matical operations are developed such as opening, closing,
dilation residue, erosion residue, top hat transformation
and bottom hat transformation [19], [23]. Welferet al.,
used adaptive morphological approach for segmentation
of OD [19]. Welferet al.,used mathematical morphology
for detection of fovea and fovea center [24].

Canny edge detection is applied to the histogram
equalized image to detect the outlines of the image [25].
The microaneurisms are obtained by subtracting the edge
image. This image contains the noise like blood vessels
and the exudates. The exudates appear as bright spots on
the image. Adaptive histogram equalization is applied on
the image twice for image segmentation to bring out the
exudates. Blood vessels are segmented using adaptive his-
togram equalization twice and a second threshold value.
The segmentation of different feature is under process. In
this work,manually segmented features are given as input
to the rule based system.

B. Rule Based System

Rule based system (expert system) is the simplest form of
artificial intelligence (AI) which is based upon heuristic
and logical approach of decision making [18]. It uses the
knowledge of the expert in a set of if-then-rules and each
of which encodes a small piece of the expert’s knowl-
edge by rete algorithm. Rule based systems can improve
themselves in time by acquiring knowledge in that area
from the expertise. Each rule has a left hand side and a
right hand side. The left hand side contains information
about certain facts and objects which must be true in order
for the rule to potentially execute. The right hand side
contains the output as knowledge. It maps transition data
processing to knowledge processing. It can be used for
medical applications for automatic diagnosis, treatment

and advice for medicine. It is involved in knowledge
on acquisition, representation and implementation of the
reasoning process of the experts for diagnosis, grading
the disease, advice for the disease and treatment.

Different lesions (MAs, exudates, drusen and cotton
wool spot) appear in the retina due to progression of
diseases (shown in Figure 1). Depending upon the le-
sions, diabetic retinopathy (DR) can be graded as mild
non-proliferative DR (NPDR), moderate NPDR, severe
NPDR, proliferative DR, macular degeneration and glau-
coma etc [4], [1] (shown in Figure 2). During the mild
NPDR microaneurysms appear. In moderate NPDR and
severe NPDR the number of microaneurysms increases.
Haemorrhages appear due to bursting of the microa-
neurysm walls. As the disease progresses more and
more features appear. During PDR the microneurysms
and the exudates appear near the macula. Cup to disc
ratio (CDR) is used for detection of glaucoma [12]. The
features appear clearly in a fundus image. The features
can be detected and their pathological significance can
be measured using various image processing techniques.
They are proposed to be used as inputs to the rule based
system. In this paper, lesions and CDR values are used in
rule based system for grading diabetic retinopathy. Here,
eight facts are used for gradation of DR. These eight
indications are transformed to binary values considering
the real results of the patients. Both the input and output
values for grading/diagnosis of DR is given in Table III.
An example of a simple rule based system is demonstrated
below detecting microaneurysms (MAs) or soft exudates.

Frame 1: Size is round.
Rule 1: MAs or soft exudates.

Frame 2: The size of lesion diameter is 10 to 100µm.
Rule 1: The lesion is MAs.

TABLE III
INPUT AND OUTPUT VALUES FOR GRADING/DIAGNOSIS OFDR

Input
Symbol

Input Cases Output
Symbols

Output
Cases

x1 CDR y1 Glaucoma
x2 MAs y2 Mild NPDR
x3 Hemorrhages (Hemo) y3 Moderate

NPDR
x4 Exudates (Exu) y4 Severe

NPDR
x5 Cotton wool spots

(CWS)
y5 Mild PDR

x6 Drusen (Dru) y6 Severe PDR
x7 Distance of lesions

from macula (Dis)
x8 New Vessels (NVs)

On the basis of Table IV the weighting factor for the
different input cases are given in Table V. A simple output
for DR grading/diagnosis is given in Table IV according
to their indications and output conditions. The meanings
of zero (’0’), one (’1’) and x used at Table IV:

• ’0’: Represent the indications which are not present
• ’1’: Represent the indications which are present
• ’x’: Represent the case when the indications which

are not important.
In table V weighting factor of different input features

are decided by table IV. The weighting factors are decided
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TABLE I
PROPERTIES OF DIFFERENT FEATURES IN NORMAL FUNDUS IMAGE

Region Type Size Color Shape Contour
Optic Disc [16], [19] 1/30 of retina,

Diameter: 1.5 to 2 mm
Orange or yellow Round Clear

& well defined
Cup [12] Smaller than OD,

Cup is 1/3 height of disc
Pale yellow Round Clear edges

Macula Diameter: 4 - 5 mm Hazy dark Round -
Fovea Diameter: 1.5 - 2.5 mm Dark,

Darker than surround-
ing

Round -

TABLE II
CHARACTERISTICS OF DIFFERENT FEATURES IN FUNDUS IMAGE

Features Size Color Shape
Microaneurysm [7], [17] Very small, size of a pin head,

Diameter: 10 - 100µm
Reddish Rounded

Soft Exudates Small &
1/3 of disc diameter

Whitish or
Pearly grey

Oval

Hard Exudate [9], [8] Variable,
Ranging from pin point to larger than disc
diameter

Waxy or
Yellowish white

Not regular

Soft drusen [10] Diameter:≥ 125µm Pale Yellow or
Grayish White

Dome shaped

Hard drusen Diameter:≤ 63µm Yellow Small nodules
Cotton Wool Spots [20] Localized Yellowish white -
Hemorrhage Small or large Red or dark red Dot

TABLE IV
RESULTS ACCORDING TO INDICATIONS FOR OUTPUT CASES

Output Symbol Output Cases x1 x2 x3 x4 x5 x6 x7 x8
y1 Glaucoma 1 x x x x x x x
y2 Mild NPDR x 1 0 0 0 0 1 0
y3 Moderate NPDR x 1 1 0 0 0 1 0
y4 Severe NPDR x 1 1 1 0 0 1 0
y5 Mild PDR x x x 1 x 1 1 1
y6 Severe PDR x x x 1 x 1 0 1

TABLE V
WEIGHTING FACTORS FORINPUTS

Input Cases CDR MAs Hemorrhages Exudates Drusen Distance of
lesions from
macula

New Vessels

Weighting Factor 0.167 0.5 0.33 0.5 0.33 0.5 0.33

by the features necessary for detection of diseases. For
example out of six output cases CDR is mandatory feature
for detection of glaucoma, hence weighting factor of CDR
is 0.167. MAs is compulsory feature for detection of
three diseases (such as mild NPDR, moderate NPDR and
severe NPDR) out of six diseases. Similarly, hemorrhages
and dursen are responsible for two diseases out of six
tabulated diseases. Exudates are remarkable features for
three diseases and distance of lesions from the macula is
compulsory feature for detection of three diseases out of
six diseases.

The if-then rule for the automatic grading/diagnosis of
DR for one state is given in Table VI. Here one case is
shown for different combination of lesions out of28 =

256 lesion combinations.

C. System Evaluation

The performance of the system can be defined in terms
of true positive (TP), false positive (FP), true negative
(TN) and false negative (FN). True Positive(TP) is the

situation when test is positive for subject with disease.
A True Negative(TN) represents the case when the test
is negative for a subject who does not have disease. A
False Negative(FN) is said to occur when the test is
negative for a subject who has disease of concern, that
is, the test has missed the case. A False positive(FP) is
defined as the case where the result of test is positive
when the individual being tested does not have disease.
The performance of the system is measured by accuracy
(Acc) [8] which is defined as

Acc =
TP + TN

TP + TN + FP + FN
(1)

III. Results and Discussions

The rule based algorithm is written in Matlab. The
specification of the computer used is a PC withIntelr

core(TM) i5-2400 CPU 3.10GHZ and 4GB RAM. The
lesions can be segmented from the preprocessed images
by the mathematical morphology based method. In this
case eight disease indications are determined for DR
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TABLE VI
REPRESENTATION OFif-then RULE STRUCTURE FOR GRADING OFDR

1xxxxxxx x1000010 x1100010 x1110010 xxx1x111 xxx1x101

If If If If If If
1. CDR: High 1. CDR: Unimportant 1. CDR: Unimportant 1. CDR: Unimportant 1. CDR: Unimportant 1. CDR: Unimportant
2. MAs: Unimportant 2. MAs: Present 2. MAs: Present 2. MAs: Present 2. MAs: Unimportant 2. MAs: Unimportant
3. Hemo: Unimpor-
tant

3. Hemo: Absent 3. Hemo: Present 3. Hemo: Present 3. Hemo: Unimpor-
tant

3. Hemo: Unimpor-
tant

4. Exu: Unimportant 4. Exu: Absent 4. Exu: Absent 4. Exu: Present 4. Exu: Unimportant 4. Exu: Unimportant
5. CWS: Unimportant 5. CWS: Absent 5. CWS: Absent 5. CWS: Absent 5. CWS: Unimportant 5. CWS: Unimportant
6. Dru: Unimportant 6. Dru: Absent 6. Dru: Absent 6. Dru: Absent 6. Dru: Unimportant 6. Dru: Unimportant
7. Dsi: Unimportant 7. Dsi: High 7. Dsi: High 7. Dsi: High 7. Dsi: High 7. Dsi: Low
8. NVs: Unimportant 8. NVs: Absent 8. NVs: Absent 8. NVs: Absent 8. NVs: Absent 8. NVs: Present
Then Then Then Then Then Then
Patients have glau-
coma

Patients have mild
NPDR

Patients have moder-
ate NPDR

Patients have severe
NPDR

Patients have mild
PDR

Patients have severe
PDR

grading/diagnosis. Accordingly the truth table is created
and the rule based system is developed. The method is
tested on different possible combinations (28 = 256) of
indications obtained from the images. Fourty-nine number
of images are selected for the testing purpose. For these
49 images we make 8 most appropriate combination out
of 256 combinations which are mentioned in Table VI.
For Glaucoma the CDR is most important input case. In
this rule based based system CDR is kept at the highest
priority in making rule for the detection of Glaucoma.
Other input cases are not required for the detection of
glaucoma, hence they are not required for making of rule.
For detection of NPDR MAs and distance lesions from
macula (Dsi) are most important are hence they have
highest priority in rule. Hence, so on for the detection
of other diseases. The selected images consist of equal
number of normal, mild NPDR, moderate NPDR, severe
NPDR, mild PDR, severe PDR, glaucoma images.

The main aim of designing of the rule based system
is the performance maximization. The performance of
this system is maximum when the performance of rule
based system maximizes as the features are manually
segmented. The rule based system performance depends
on the features of inputs per rule (i.e., CDR, number
and shapes of lesions etc.,). So, it is important to find
out the most dominant feature of the rule. For Glaucoma
detection, the range of CDR is most important feature
of input per rule. If the given input feature is outside
the range of CDR, then rule based system will fail to
detect the Glaucoma . For the most important features
of input, the accuracy (Acc) of rule based system is
given Table VII. In this work, seven images are used
which are effected by Glaucoma. By rule based system six
images show true positive (TP) and one image shows false
negative (FN). This means six images are detected cor-
rectly and one image is not detect correctly. For NPDR,
the number of Microaneurysms and their distances from
macula is most important feature for the rule. Out of
49 images selected from database 7 images are normal
images and 42 images are abnormal images. Out of 42
abnormal images 7 images of glaucoma, 7 images of mild
NPDR, 7 images of moderate NRDR, 7 images of severe
NPDR and 14 images of PDR (7 images for mild PDR
and 7 images for severe PDR). After selecting the most

TABLE VII
PERFORMANCE OFRULE BASED SYSTEM

Categories Image
Considered

Accurately
Detected
Images

Acc

Normal Images 7 7 100%

Abnormal Images 42 40 91.17%

Glaucoma 7 6 85.71%

Mild NPDR 7 6 85.71%

Moderate NPDR 7 6 85.71%

Severe NPDR 7 6 85.71%

PDR 14 13 92.85%

Average 49 44 89.79%

important feature of input, out of 7 normal images all are
accurately detected, out of 7 glaucoma images 6 images
are accurately detected, out of 7 mild NPDR images 6
images are accurately detected, out of 7 moderate NPDR
images 6 images are accurately detected, out of 7 severe
NPDR images 6 images are accurately detected and out of
14 PDR images 13 images are accurately detected. Hence,
44 images are diagnosed correctly out of 49 images
selected from the database. The accuracy of the system
is found to be89.79%.

IV. Conclusions

In this paper, a rule based system is developed for
automatic grading/diagnosis of diabetic retinopathy from
fundus images. The rule based system is developed by
considering eight (8) indications from the color fundus
images. The average performance of the system is found
to be89.79%. Pathological changes and the determination
of diagnostic information is a challenge for the biomedical
signal processing due to the lower contrast between retinal
vasculature and the background. Sometimes the patholog-
ical features are undetected by the existing algorithms
and causes misinterpretation. The lesions may not get
segmented correctly due to the presence of multiple
features in the color fundus image. Overall performance
can be improved by improving the performance of the
segmentation algorithm and using more facts in the rule
based system. It can be used for medical applications for
automatic diagnosis, treatment and advice for medicine.
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Abstract—The objective of this paper is to evaluate the software 

system using the best available set of metrics from the existing 

traditional and object oriented metrics and then to apply re-

engineering to build a high quality object oriented system. The 

traditional metrics such as cyclomatic complexity, size and 

comment percentage are used to predict the complexity of the 

system. A set of object oriented metrics such as the Chidamber 

and Kemerer metrics, R.C. Martin’s metric is used to evaluate 

the system thoroughly. Then reverse engineering is applied to the 

existing software system to identify the system components with 

their inter-relationship and to get a higher level representation of 

the system. Then the process of forward engineering is applied to 

get a more efficient system with less complexity. The main 

objective of the paper emphasizes on developing less complex 

object oriented software with the help of the metrics and 

reengineering. 
 

Keywords-metrics; re-engineering; reverse engineering; 
restructuring; Foroward engineering 
 

I. INTRODUCTION 
 

Numerous metrics related to object oriented systems 
have been proposed and there are metrics still being proposed 
over time and even several books represent such metrics exist, 
such as Fenton [1], Shepperd [2] and others [3]. Even though 
many metrics have been applicable to programming languages 
such as object oriented language, these metrics are extracted 
from the concept of structured programming and can be used 
to match the needs of object oriented programming. But the 
point of concern for a researcher or a practitioner is to select a 
suitable metric, which can effectively evaluate the software 
system from a large number of available object oriented 
metrics.  

Reengineering also known as both renovation and 
alteration, is the examination and alteration of a subject 
system to reconstitute it in a new form and followed by 
reimplementation in a new form[12]. Re-engineering is the 
process of creating an abstract representation of a system, 
reason about a change at the higher abstraction level, and then 
re-implement the system [13]. Reengineering generally starts 
with reverse engineering followed by some change or 
modifications and then forward engineering is applied to re-
implement the system. The change may be addition of some 
functionalities or changing the structure of code. The process 
of reengineering can be summarized as: Re-engineering=  
Reverse Engineering + Change + Forward Engineering.  

The rest of the paper is organized as follows: section 
2 presents a description of various Traditional and Object 
Oriented metrics. Section 3 represents software metrics 

 
evaluation criteria. Section4 represents a brief description of 
reverse engineering process. Section 5 represents our proposed 
method for implementation. Section 6 mining and evaluating 
software metrics for a real time system. Section 7 represents 
the application of reengineering to the software system and 
subsequent re-evaluation of the system. Section 8 concludes 
the paper. 
 

II.       METRICS 
 

The metrics presented in this paper are both 
Traditional and Object Oriented Metrics. The objective of this 
paper is not to mention or explain all the existing metrics but 
to evaluate the software system with the best set of metrics. 
 
A.   Traditional Metrics 
 

Traditional Metrics are generally applied to the 
methods wherein operations related to the class are needed. 
Traditional metrics have been relevantly used since 1976. The 
metrics briefly explained below such as the Cyclomatic [4] 
Complexity, Size [5] and Comment Percentage [5] are the 
possible indicators to gauge the complexity and cyclomatic 
complexity is one of the best indicators of system reliability 
 

1)     McCabe’s Metric Suite 
 

Cyclomatic Complexity [4], is used to evaluate the 

complexity of an algorithm in a method and every method has 
a maximum threshold value of ten as cyclomatic complexity. 
It gives the lower bound on number of test cases need to test 
the method completely. The formula used for computing the 
value is V(G) = e – n + 2, where V(G) represents the 

cyclomatic complexity value, e is the number of edges and n is 
the number of nodes, which are all determined from the 
control flow graph drawn for the particular algorithm. 
Cyclomatic complexity is a most accepted measure in field of 

software engineering. While it has some pitfalls, it does assist 
as a good predictor of software maintainability. Cyclomatic 
complexity has also been found to be correlating to 
productivity. Research is in progress to figure out the 

complexity value to understand maintainability based on 
cognitive weights.  

This suite consists of additional set of traditional 
metrics such as Lines of Code [8], Method Lines of Code [9], 
Source Lines of Code [10] and Nested Block Depth [9].  

a)     Lines of Code (LOC) 
 

The Lines of Code of a class is the total number lines in 
the body of the class and its methods excluding empty and 

 
1 

174



 
comment lines. LOC metrics calculates total lines of code, 
blank lines of code and comment lines of code. 
 

b)     Method Lines of Code (MLOC)  
A Method Line of Code (MLOC) is the sum of non-blank 

and non-comment lines present in a method. The total number 
of lines of code consists of average, maximum and sum but 
excludes blank and comment lines. 
 

c)     Source Lines of Code (SLOC)  
Source Lines of Code is normally used to predict the 

amount of effort that is necessary to build a program. There 
are two types in SLOC i.e., physical and logical. Physical 
SLOC is the number of lines in a source code of the program 
including comment lines and blank lines. Logical SLOC 
measures the number of statements instead of lines of 
program’s source code. 
 

d)     Nested Block Depth  
Average, maximum and sum are included in the 

calculation of depth of nested blocks of code 
 

2)     Size  
Size of the class is used to estimate the ease with which 

the maintainers understand the code written by developers. 
There are different ways to determine the size of the class viz., 
physical lines of code, the number of statements, the number 
of blank lines and the number of commented lines. Lines of 
Code (LOC) counts all the lines, usually referring to non-
commentary lines, meaning pure whitespace and lines 
containing only comments are not included in the metric 
 

3)     Comment Percentage  
The line counts used to compute the size metrics can be 

expanded to include a count of the number of comments, both 
on-line (with code) and stand-alone. Comment percentage is 
given by the ratio as total number of comments divided by the 
total lines of code minus the number of blank lines. The 
Software Assurance Technology, a department in NASA has 
found a comment percentage of about 30% to be most 
effective. Since these metrics boost the developers and 
maintainers to easily evaluate the attributes of 
understandability, Reusability and Maintainability. 
 

B.    Object-Oriented Metrics  
The ongoing development practices are based on Object 

Oriented concepts; these object oriented metrics help in 
analysing the product quality and help to evaluate the process 
effectiveness. The major benefit of using object oriented 
metrics is to improve quality of the work performed at the 
project level. Some of the major metrics are: 
 

1)     Chidamber and Kemerer metric  
Chidamber and Kemerer metric suite [6] for OO 

programming is the deepest research in OO metric analysis. 
They identified six metrics and are commonly known as CK 
Metric Suite. In this section we will have a complete 
description of their metrics: 
 
 

2 

a)     Weighted Method per Class (WMC)  
WMC is included in the suite because it has been proven 

to be useful in predicting maintenance and testing effort. This 
method has its own pitfalls, but it can be combined with other 
metrics such as cyclomatic complexity to contribute vital 
information about a class complexity. WMC relates directly to 
the definition of complexity of a thing, since methods are 
properties of object classes and complexity is determined by 
the cardinality of its set of properties. The number of methods 
is therefore a measure of class definition as well as being 
attributes of a class, since attributes correspond to properties. 
 

b)     Depth of Inheritance Tree (DIT)  
Depth of Inheritance of the class is the DIT metric for the 

class. In cases involving multiple references, the DIT will be 
the maximum length from the node to the root of the tree. DIT 
is a measure of how many ancestor classes can potentially 
affect this class. The deeper a class will be in the hierarchy the 
greater the possibility to inherit more number of methods 
which makes it difficult to assess the behaviour of the class. 
On the other side DIT value imply that many methods may be 
reused. 
 

a)     Number of Children (NOC)  
NOC is termed as the number of immediate sub-classes 

subordinate to a class in the class hierarchy. NOC is a measure 
of how many subclasses are going to inherit the methods of 
the parent class. As the NOC value increases, reuse increases, 
but it is also true that as NOC value increases the abstraction 
represented by the parent class can be diluted i.e, there is a 
possibility that some of the children are not really appropriate 
members of the parent class. As NOC increases the effort 
required for testing also increases. 
 

b)     Coupling between Object Classes (CBO)  
CBO for a class is a count of the number of other classes 

to which it is coupled. As we know since object of same class 
have same properties, two classes can be coupled when 
methods declared in one class use methods or variables 
defined by the other class. Excessive coupling between object 
classes is detrimental to modular design and prevent reuse of 
class and its properties. The higher the inter-object class 
coupling, the more rigorous the testing needs to be. 
 

c)     Response for a Class (RFC)  
The response set of class is a set of methods that can 

potentially be executed in response to a message received by 
an object of that class. RFC is defined as the number of 
methods in response set. 
 

d)     Lack of Cohesion in Methods  
The number of disjoint sets formed by the intersections of 

the n sets. If LCOM is high, methods may be coupled to other 
methods via attributes, which increases the complexity of class 
design. In a conventional way high values of LCOM imply 
that the class might be better designed by breaking it into two 
or more separate classes, where in the concept of 
modularization comes into act. So as to reduce the complexity 
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and increase the understandability of the class implemented in 
object oriented systems. 
 

2)     R. C. Martins Metrics Suite  
The most widely known package metrics was presented 

by R.C.Martin [4].  
This suite consists of the following metrics. 

 
a)     Efferent Coupling (Ce)  
Efferent coupling between packages is the measure of 

total number of external classes coupled with classes of a 
package because of outgoing coupling. All classes are counted 
only once. If the package does not contain any class or the 
classes in the same package do not use any external class 
linkage, then the value of Ce is zero. 
 

b)     Afferent Coupling (Ca)  
Afferent coupling between packages (Ca) measures the 

total number of external classes coupled to classes of a 
package because of incoming coupling. All classes are 
counted only once. If the package does not contain any class 
or external classes do not use any of the classes of the 
package, then the value of Ca is zero. 
 

c)     Instability  
Instability (I) is the ratio of efferent coupling (Ce) to total 

coupling (Ce + Ca) i.e., I = Ce / (Ce + Ca).  
This metric implies the package's adaptability to change. 

The range of this metric varies from 0 to 1, with I = 0 
signifying an absolutely stable package and I = 1 signifying an 
absolutely instable package. 
 

d)     Abstractness  
Abstractness is the comparison of the number of abstract 

classes (and interfaces) to the total number of classes in the 
evaluated package. The range for this metric is 0 to 1, with A 
= 0 signifies an absolute concrete package and A = 1 signifies 
an absolute abstract package. 
 

e) Normalized Distance from Main Sequence Normalized 
Distance from Main Sequence(Dn) is the perpendicular  

distance of a package from the idealized line A+ I = 1. This 

metric is a measure of abstractness and stability. Ideal packages 

are either absolutely abstract or stable                 (x = 0, y = 1) or 

absolutely concrete and unstable (x = 1, y = 0). The range for this 

metric is 0 to 1, with D = 0 represents a package that is coincident 

with the main sequence and D = 1 represents a package which is 

far away from the main sequence [4]. 
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The graph shown figure-1 is A-I Graph, it depicts the line 
drawn from (0,1) to (1,0), and it represents the categories with 
the fact that abstractness is balanced with stability. Since its 
similarity to a graph used in astronomy it is called as Main 
Sequence. 

 
III.      METRIC EVALUATION CRITERIA 

 
While it is important to come up with certain metrics 

for object oriented system, the metrics worth is in their 
application to programs- how these metrics suit the developers 
to improve the quality of programs. Some of the guidelines 
[14] are listed as follows in table 2. 

 
A high cyclomatic complexity increases the 

complexity of the procedure which is hard to understand, test 
and maintain. There's a relationship between cyclomatic 
complexity and the "risk" in a procedure. 

 
Table 1: Relationship between cyclomatic complexity 

and risk  
CC Type of procedure Risk 
1-4 A simple procedure Low 
5-10 A well-structured and stable procedure Low 
11-20 A more complex procedure Moderate 
21-50 A complex procedure, alarming High 
>50 An error-prone, extremely Very high 

 troublesome, untestable procedure  

 
Table 2: Metric Evaluation Guidelines  

Metric  Objective 
 

Lines of Code/  
Low  

Executable Statement  
 

  
 

Comment Percentage  ~ 20-30% 
 

Weighted Method per Class  
Low  

(WMC)   
 

   
 

Depth of Inheritance (DIT)  Low 
 

Number of Children (NOC)  Low 
 

Coupling between Objects  
Low  

(CBO)   
 

   
 

Response for Class (RFC)  Low 
 

Lack of Cohesion among  
Low  

Methods (LCOM)  
 

 High  

Cohesion of Methods  
 

  
 

IV. REVERSE ENGINEERING  
  

Reverse engineering is the process of analysing a subject 
system to identify the system component and their 
interrelationship. It also represent the system in another form 
or higher level of abstraction[12]. The concept of Reverse 
engineering comes from other branches of Engineering. For 
example when a new machine comes to market, a competing 
manufacturer can buy one machine and de-assemble it to learn 
how it was built and it’s working details. A pharmaceutical 
company can use reverse engineering to defeat a competitor 
by duplicating the manufacturing process. Similarly in civil 
engineering process many old designs are also reverse 
engineered to have more efficient design. 
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In software engineering the process of reverse 
engineering can be applied to get back the design structure 
from the source file (which may be in binary form or in source 
code form). Now from the extracted design pattern the 
developer can re-develop the system with some additional 
functionalities and enhanced performance. This concept helps 
in replacing legacy system in a most effective manner. There 
is also a need to integrate forward and reverse engineering 
process for the large evolving software system which also help 
in cost-effective and high productive evolutionary 
development of software. 
 
 
A.   WHY REVERSE ENGINEERING 
 
The motivation is to arrive at a conclusion that how an 
equivalent of an existing system could could be implemented 
in different programming languages/platforms. After years of 
research, three general approaches to re-implement an existing 
system are listed as follows:- 
 

 Manually re-write the existing system. 

 Use an automatic language translator. 

 Redesign and re-implement the system. 
 

All these traditional approach are found to be 
expensive, and even effort as well as time consuming. Reverse 
engineering provides a new approach. From the existing 
system, we can produce a reconstructed design that behaves 
similar to the existing system. Then the design should be 
represented in higher abstraction level and remove the 
implementation language dependencies[11]. 
 
 
B.   UML TOOLS SUPPORT FOR REVERSE ENGINEERING 
 

Reverse engineering has been traditionally viewed as 
a two-step process: information extraction and abstraction 
[15]. Information extraction analyses the subject system 
completely to gather raw data and whereas abstraction creates 
user-oriented documents and views. Most tools of reverse 
engineering, restructuring and re-engineering uses the same 
basic architecture. 
 

Accordingly, Chikofsky and Cross [12] outlined a 
basic structure for reverse engineering tools (Fig. 1). The 
software product to be reverse engineered is analyzed and the 
results of this analysis are stored into an information base. 
Such information is then extracted by view composers to 
produce alternate views of the software product, such as 
metrics, graphics, reports, etc. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:   shows the Reverse engineering tools architecture. 
 
Though there are many tools available as given in Table 9, 
here we have used Eclipse UML for generation of class 
diagram (static view) and sequence diagram (dynamic view) 
of an existing system. 
 

V.       PROPOSED SYSTEM 
 
Here we have integrated the software evaluation with software 
re-engineering which help in enhancing the performance of the 
existing system in a better way. The model of our proposed 
system is shown below in Figure 3. The existing system is first 
evaluated with a best set of metric suite. If the system 
complexity is high then it is reengineered to reduce the 
complexity and then it may be added with some more 
functionality. After that the system is again validated with the 
above set of metric suites to check its reduced complexity 
value. 

 
 
 
 
 
 
 
 
 

Figure 3: Proposed System for implementation 
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VI.       MINING AND EVALUATION OF METRICS FOR A REAL  
TIME SYSTEM 

 
In this section, an ATM example, written in java was 

employed and the metric values for both the traditional and 
Object Oriented metrics were calculated in Eclipse IDE.  

The ATM example of Michael R Blaha, James R Rumbaugh 
[9] is coded in a different style with some additional 
functionality. 

 
The Table- 3,4,5 tabulates the metric values for the 

three sets viz., McCabe metric suite, R. C. Martins and 
Chidamber and Kemerer metric suite respectively briefed in 
section-2. 

Table 3: McCabe Metrics for ATM example 
 

McCabe’s McCabe’s Method Total Nested 
Metric Complexity: Lines of Lines Block 

 (Maximum) Code of Code Depth: 
  (MLOC): (TLOC) (Max) 
  (Max)   

DB.java 25 116 139 4 
DB2.java 15 92 216 4 
Transfer.java 25 134 181 3 
MainMenu.java 13 107 213 4 
Information.java 3 27 47 2 
Cash.java 2 94 113 4 
CardTransaction.java 1 50 62 3 

. 
 

TABLE 4: R.C. Martins Metric Values for ATM Example 
 

R.C. Martin’s Ca Ce I A Dn 
Metric      

ATM Project 0 1 1 0 0 
 

Table 5: CK Metric values for ATM example 
 

 WMC LCOM DIT NOC 
CK Metric     

DB.java 26 .939 6 0 
DB2.java 20 .789 6 0 
Transfer.java 26 .737 6 0 
MainMenu.java 17 .86 6 0 
Information.java 4 .5 6 0 
Cash.java 3 .929 6 0 
CardTransaction.java 1 0 6 0 

 
VII. APPLICATION OF REENGINEERING TO THE SOFTWARE 

SYSTEM AND SUBSEQUENT RE-EVALUATION OF THE SYSTEM 

 
system. Now we can modify the corresponding classes to 

reduce the method complexity. Here we have also added a new 

class StandardCash.java to our ATM Example as a additional 

functionality. It performs instant dispension of Rs.100. The 

reverse engineered class diagram is shown in Figure 4. 
 

Now the new ATM Example is rebuilt with modified 
code structure and with a additional functionality through 
forward engineering process. The Re-evaluated metrics values 
are given in the Table 6, 7, 8. 
 

Table 6: McCabe Metrics for Re-engineered ATM example 

 
McCabe’s McCabe’s Method Total Nested 
Metric Complexity: Lines of Lines Block 

 (Maximum) Code of Code Depth: 
  (MLOC): (TLOC) (Max) 
  (Max)   

DB.java 12 76 139 4 
DB2.java 15 92 216 4 
Transfer.java 11 79 126 3 
MainMenu.java 14 107 216 4 
StandardCash.java 6 41 85 4 
Information.java 3 27 47 2 
Cash.java 2 94 112 4 
CardTransaction.java 1 50 62 3 

     

 
Table 7: R.C. Martins Metric values for Re-

engineered ATM example 
 

R.C. Martin’s Ca Ce I A Dn 
Metric      

ATM Project 0 1 1 0 0 
 
 

Table8: CK Metric values for Re-engineered ATM example 
 

 WMC LCOM DIT NOC 
CK Metric     

DB.java 21 .939 6 0 
DB2.java 20 .789 6 0 
Transfer.java 20 .737 6 0 
MainMenu.java 18 .86 6 0 
StandardCash.java 11 .625 6 0 
Information.java 4 .5 6 0 
Cash.java 3 .929 6 0 
CardTransaction.java 1 0 6 0 

 
From the above table it can be inferenced that, the 

analysed object oriented systems need to be remodelled 
because of the variation of some of the metric values which 
increases the cost, time and software development effort. A 
large complexity value also increases the testing effort. Hence 
we can re-engineer the system through the reverse engineering 
followed by code restructuring to obtain a better quality 
system.  

Now we have to re-engineer the ATM Example to 
reduce the complexity of the system. We have reverse 
engineered the ATM Example using Eclipse UML 2. From the 
generated class diagram and sequence diagram we get the 
information about the static and dynamic structure of the 
 
 

5 

 
From the above table we have found that the new ATM 

Example is having less complexity and with additional 
functionality. The R.C. Martin metric remains constant 
because there is only one default package in the project. But in 
larger projects this metric suite also affects the complexity of 
the system. So, by applying reverse engineering we can 
remodel the system effectively. It is a cost-effective solution to 
improve the software quality. 
 

VIII.    CONCLUSION 
 

Being able to obtain metrics is important for Object 
Oriented System, as it will assist researchers to evaluate the 
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software. There are many metrics available as mentioned in 
the above sections, like the CK Metric suite and even certain 
tools to obtain the metric values. There is a necessity to take 
full advantage of the metrics to analyse the characteristics of 
classes and systems in object oriented programming. In this 
paper, we have also presented a procedure for recovering the 
design patterns of an existing software by using Reverse 
engineering. It helps in reducing time and effort required to 
remodel and recover the design details of the object oriented 
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Figure 4: Reverse Engineered Class diagram of Existing ATM Example 
 
 

 
Table 9: Comparison of different reverse engineering tools  

     Programmi   
 

Name of Creator Platform Open U ng Integrated Reverse 
 

   sourc  Language   
 

Tool  /OS e M used With Engineered 
 

    L   Language 
 

    -2    
 

AgileJ AgileJ Cross- No No Java Eclipse Java 
 

Structure  platform      
 

Views  (Java)      
 

Eclipse Eclipse Cross- Yes Yes Java Eclipse Java 
 

UML2 Foundation platform     (or Eclipse 
 

  (Java)     project 
 

       supported) 
 

Visual Visual Cross- No Yes Java Eclipse, Java, C# 
 

Paradigm Paradigm platform    NetBeans (binary), C++, 
 

 Int'l Ltd. (Java)      
 

MyEclipse company Cross- Yes Yes Java  Java 
 

 Genuitec platform      
 

  (Java)      
 

UML Lab Yatta Cross- NO Yes Java  Java 
 

 Solutions platform      
 

  (Java)      
 

     Java, C#,   
 

Altova Altova Microsoft No Yes Visual Eclipse, Java, C#, 
 

UModel  Windows   Basic Visual Visual Basic 
 

      Studio  
 

Rational IBM Microsoft No Yes   Java,C++, 
 

Software  Windows     .NET 
 

Architect        
 

     Java, C#,  

Java (other 
 

ArgoUML Tigris.org Cross- Yes No Visual Java, C# 
 

  platform   Basic (binary), languages with 
 

  (Java)    C++, plugins) 
 

objectaid Objectaid Cross- Yes Yes Java Eclipse Java 
 

 group platform      
 

  (Java)      
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Abstract – National Science Foundation (NSF) Panel Assignment 

problem falls under the category of Multi Resource Generalised 
Assignment Problem (MRGAP). It involves allocation of 
proposals for multiple reviewing to the available reviewers in the 
panel subject to a set of preference based constraints. The 
preference value is determined by reviewers for each proposal to 
be reviewed. This work primarily focuses on formulating the 
required assignment problem using Constraint Programming 
(CP) technique and obtaining the minimal preference value of 
overall allocation in those cases involving violation of preference 
criteria given by each reviewer for the infeasible set of data. In 
such cases penalty based approach is opted which take care of 
minimal violation of the constraint. Effective strategy is 
presented to determine the optimal solution of the problem using 
different case studies for both feasible and infeasible data using 
IBM OPL CPLEX Optimization Studio. 

Keywords- Multi-objective Optimization; Resource Allocation; 
Constraint Programming; Artificial Intelligence; Assignment 
Problem. 

INTRODUCTION      

The National Science Foundation (NSF) panel assignment 
problem has been previously addressed in [1] as a Mixed 
Integer Linear Programming (MILP) problem of the type 
Multi-Resource General Assignment Problem (MRGAP). 
Diwekar [2] described the technique of MRGAP to be a 
valuable tool in solving many real life application problems 
including staff assignment, task scheduling, production 
planning, traffic management, and warehouse-storage 
allocation. These situations can be represented as a 
mathematical model which can be further solved to obtain the 
required optimality. Mazzola and Wilcox [3] considered the 
MRGAP and developed heuristics to obtain an initial feasible 
solution and then apply procedures to improve it. 

In this work, the NSF preference constrained allotment 
problem is formulated using Constraint Programming (CP). 
CP is a powerful tool for modeling and solving complex 
optimization problems. It is widely used to support industrial 
decision-making, as well as being used as a component in 
various intelligent systems. CP has its origins in constraint 
satisfaction and logic programming from the field of artificial 
intelligence, and mathematical programming from the field of 
operations research. CP is an intelligent, non-gradient, tree 
based, enumerative search technique, developed by the 

Artificial Intelligence and Computer Science Community for 
solving Constraint Satisfaction Problems (CSPs) arising in 
different fields. CP technique falls under the paradigm of 
Artificial Intelligence (AI). Optimization and AI are 
profoundly interlinked. Many problems in AI can be solved in 
theory by intelligently searching through numerous possible 
solutions. Reasoning can be reduced to performing a search. It 
has found applications in various areas such as computer 
graphics, software engineering, databases, hybrid systems, 
finance, circuit design, etc [4].  

There has been notable success of CP in areas involving 
combinatorial optimization such as planning, resource 
allocation, routing and scheduling. Ozfirat and Ozkarahan [5] 
have studied CP and its application in solving real-life 
problem of vehicle routing with a heterogeneous fleet. Using 
CP, Lin et al. [6] have solved a combinatorial optimization 
problem that investigated the routing of pressurized tank 
trailers taking in account different combinations of parameters 
that incorporates resource, safety, utilization and efficiency 
constraints. Schoch et al. [7] proposed search strategy using 
CP, that suggested building-volume optimization model which 
can generate cost-effective and site-specific building-volume 
designs. Solutions for several real industrial problems have 
been developed with constraint logic programming, for 
example at the Monsanto plant in Antwerp for the scheduling 
of a herbicide production and bottling plant, and in five oil 
refineries world-wide for short and medium term planning of 
the production sequence [8]. Kotecha et al. [9] presented CP 
as an efficient logic-based optimization technique, for the 
determination of all the multiple optimal solutions of a single 
objective optimization problem and globally optimal pareto 
fronts along with their multiple realizations for multi-objective 
optimization problems. The proposed algorithm involve 
modifying the search techniques and are shown to be 
computationally efficient in terms of not requiring successive 
re-solving of the problem to obtain the required solutions.  

The further article is organised in the following manner. 
Next section gives a synopsis about the Constraint 
Programming and its working. After a brief outline of CP, the 
problem formulation along with its mathematical framework 
giving the complete description about the model is presented. 
Consequently, several computational case studies of feasible 
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data for single objective of minimizing the Global Preference 
Value, as discussed later, are studied in detail. Multiple 
realizations for the same objective value are also assessed for 
different cases. Further in the article, this formulation is 
extended for the infeasible data and an appraisal of necessity 
of penalization is illustrated with different case studies.  

CONSTRAINT PROGRAMMING    

CP is not a statement of a problem as in mathematical 
programming, but is rather a computer program that indicates 
a method for solving a particular problem [10]. CP is a domain 
reduction technique which depends on constraint propagation 
[4]. This proves to be an advantage of CP over MILP. CP is 
also favourable over traditional mathematical programming in 
reducing the number of decision variables. It works by 
converting an optimization problem into a Constraint 
Satisfaction Problem (CSP), which is similar to any other 
optimization problem, with the exception of not containing the 
objective function. A CSP is a problem in which the goal is to 
choose a value for each set of variables, in such a way that all 
values obey a set of constraints. This CSP is solved repeatedly 
with simultaneous calculation of objective function value and 
a continuous improvement in it till an optimal value is 
achieved and no further improvement in objective value is 
possible i.e. the optimality of the final solution is proved. So 
for a CSP any set of decision variables satisfying all the 
constraints is a valid solution. 

Consider an optimization problem OP as shown below: 

OP  
 

 

    

      

Optimize f x

Subject to C x    (1)

 

Here  f x  is the Objective function which is, subject to a set 

of constraints  C x  which can directly include one or more 

equalities, inequalities, implications and other relational 
operators. The corresponding CSP for this optimization 
problem is given by 

CSP  
      ( )

( )

Solve C x

F f x            (2)

 

Ignoring the objective function in the formulation CSP, an 
additional variable F  is added which stores the value of 
objective function corresponding to the solution of CSP. An 
additional constraint, given as follows, is added to CSP which 
ensures that the objective function value progressively 
improves during the course of search. 

1i i
F F


   (3) 

Where 
1i

F


and 
i

F  represents the value of Objective 

function of i+1th and ith solution of CSP and  is dominant 
operator, which will be equivalent to < or ≤ in case of 
minimization problem and > or ≥ in case of maximization 
problem. The existence of multiple solutions with different 
decision variable space and identical objective value is called 
realizations [9]. Strict inequality will be used to obtain the 

optimal solution with different objective function value i.e. it 
is not required to obtain realizations. If the bounds of objective 
value are unknown, the initial value of F  is set to ∞ for 
minimization problems and -∞ for maximization problems. 
There are many ready to use free and commercial CP solvers 
available like ECLiPSe, JaCoP and ILOG CPLEX 
Optimization Studio, Koalog Constraint Solver respectively. 

PROBLEM DESCRIPTION 

The NSF Panel Assignment problem can be typically 
defined as follows. With given set of data containing (i) 
number of proposals to be reviewed by the panel, (ii) number 
of reviewers available for reviewing in the panel, (iii) number 
of times a proposal needs to be reviewed, and (iv) preference 
matrix for each reviewer on each proposal, the objective is to 
assign reviewers to the proposals so that the sum of preference 
matrix associated with the allocation is minimum. In the rest 
of the discussion, this value is referred as Global Preference 
Value. 

While obtaining the required allotment solution, there are 
certain requirements that must be fulfilled, stated as follows: 

(i) number of proposals allotted to a particular reviewer must 
be approximately same, to ensure equal load. It is notable 
that the proposals allotted to a reviewer cannot be always 
strictly equal as it might be the case when total number of 
reviews for all the proposals are not in proportion with the 
total number of reviewers in the panel. 

(ii) number of reviewers allotted to a particular proposal must 
be same, as number of vacancies for filling up required 
position of reviewing are exactly same for each proposal, 

(iii) reviewers that have a “conflict of interest” (COI) with a 
proposal must not be allotted to that particular proposal, 

(iv) each proposal should be reviewed a fixed number of times, 
K. The distinct positions being K1, K2, K3 and so on. For 
example, K1 can be LEAD, K2 can be SCRIBE, K3 can be 
REV1… each position being filled exactly once for each 
proposal by different reviewers, 

(v) each reviewer should be allotted to each position of 
reviewing for approximately same number of times, as 
total positions for reviewing the proposals may not be in 
proportion with the reviewers available, 

(vi) the assignment procedure must match to the preference 
criteria of each reviewer for each proposal. For a particular 
proposal, allotment of reviewers must follow the 
descending pattern of preference for filling the set of 
positions of a proposal, higher position being allotted to 
reviewer having high preference for the proposal. For 
instance, a reviewer with a higher preference should not be 
allotted a lower position, say SCRIBE, when a reviewer 
with lower preference is assigned a higher position, say 
LEAD, in the same proposal. 

This article extends the work presented in [13]. The idea 
represented in this work is proficient in obtaining required 
optimal solution fulfilling the given set of constraints, and if in 
case feasible solution is not obtained, then the best solution 
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with least violation of specified constraint is also obtained. 
This facilitates the user in making an informed decision 
without any alteration in proposed model.  

CONSTRAINT PROGRAMMING OUTLINE 

The CP formulation of the given problem involves the 
following notation of parameters and variables. 

A. Parameters 

x  P  set of proposals; 

y  R
 
reviewers in the panel; 

z  Q
 
number of reviews required per proposal; 

N , cardinality of proposal set P  i.e. total number of 

proposals; 

M , cardinality of reviewer set R  i.e. total number of 

reviewers available in the panel; 

K , cardinality of set Q  i.e. number of times 

reviewing is required for each proposal; 

,x yW , preference of each reviewer ( )y
 

for each 

proposal ( )x  (typically integers ranging from 1, being 

highest preferred, to N, being the least preferred, and 0 
for COI). Note that smaller the value of ,x yW > 0, 

higher is the preference of reviewer ( )y  for that 

proposal ( )x ; 

B. Decision Variables 

soln(x, z)  is the resultant matrix that will comprise of 

the reviewer number performing the job of position 

( )z  of the proposal ( )x . Domain of this decision 

variable is set R . For instance, ( 1, ) 5soln P LEAD R  

would mean that the reviewer 5R  acts as LEAD  

reviewing position to proposal 1P . This formulation 
does not involve declaration of any binary variable as 
decision variables. 

pen(x, y, yy)  is a continuous variable that would take 

into account of the violation of preference constraint 

i.e. when reviewer ( )yy  has lower preference for 

proposal ( )x  than reviewer ( )y  and reviewer ( )yy  is 

assigned a higher position than reviewer ( )y .  

C. Decision Expressions 

This permits us to declare and reuse decision 

variables in the form of an expression. 

 

                         (4) 
 

    

Global Preference Value is computed in first 
decision expression (4) which is essentially the sum of 
preference values of all those reviewers who are 

allotted a particular position ( )z  of a proposal ( )x . For 

instance, if 7 proposals are to be reviewed twice by 3 
reviewers having certain preference criteria viz. for 

proposal 1P , (1,1) 2;  (1, 2) 0;  (1,3) 3;W W W   . 

The allotment of reviewers as per the constraint 

satisfaction be (1,1) 1;  (1, 2) 3;soln soln  . Then this 

means that reviewer 1R  acts as LEAD , reviewer 3R  

acts as SCRIBE  reviewing position to proposal 1P . 

Similarly the rest of the entities of 

( , ) 7, 2soln x y x y    gives the resultant allotment 

matrix of reviewer numbers performing ( )y  job of 

reviewing for each proposal ( )x . The complete 

allotment process will take into account of all the 
constraints satisfaction for rest 6 proposals also. The 

Global Preference Variable Pref  will ultimately store 

the sum of preference values of the respective 
reviewers assigned for the particular proposal i.e. for 
proposal 1P , 2 and 3 and so on. Thus to ensure 

preference based constraints Pref  must be kept 

minimum. 

  (5) 

 
 

In cases when there is no feasible solution possible, 
amount of penalization imposed on the objective 
function is computed using the above formulation for 
violation of the preference constraint.   

D. Constraints 

Resource constraint for each reviewer. 
This constraint specifies the bounds for the total 

number of proposals reviewed by a reviewer 
irrespective of the position of reviewing.  

(6) 

Purpose of using OPL function “count” is to sum 

total the number of times reviewer ( )y  appears in the 

complete solution matrix. This expression takes two 
arguments. It counts how many of the variables in the 
array given as the first argument, here solution matrix, 
are equal to the value given as the second argument, 

here reviewer ( )y . Use of floor function   and ceil 

function   allows us to express that maximum 

number of proposals reviewed by a reviewer (y)  

cannot be more than 
NK

M

 
  

 and minimum number 

cannot be less than 
NK

M

 
  

 proposals. This safeguards 

our requirement of allotting approximately same 
number of proposals to a reviewer. It must be noticed 
that as total number of reviews for all the proposals are 
not in ratio with the total number of reviewers in the 
panel, hence the allocation has bounds for keeping the 
allotment approximately same. 

 

 = [ ][ [ ][ ]]
x P z Q

Pref W x soln x z
 



 = [ ][ ][ ] 
x P y R yy R

y yy

Penalty pen x y yy
  





(( , ) [ ][ ] )) ,

                                                                      

NK NK

M M
count x P z Q soln x z , y

y R
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Resource Constraint for Individual Reviewing 

Position for Each Reviewer 
      (7) 

For restraining the allocation of a reviewer to a 
particular position (i.e. LEAD, SCRIBE, REV1 and so 
on), approximately same number of times, we again 
need to use the mathematical function of ceil and floor.    

Such formulation ensures that each reviewer ( )y  must 

be assigned a particular position ( )z  at least 

N

M

 
  

times and at most 
N

M

 
 
 

 times. 

Allotment Constraints for Reviewers to Positions. 
This constraint will take into account that if a 

particular reviewer ( )y  is allotted a proposal ( )x , then 

( )y  must review ( )x  only once, be it in any position 

whatsoever.  

         (8) 

     OPL function “allDifferent” is used to constrain all 
integer variables in a particular row, of the solution 
matrix, to have different values i.e. the values in the 

solution array, of a particular proposal ( )x , 

representing the reviewers allotted various positions, 
will be distinct. 

Resource constraint, applicable on each proposal. 
By initialising the size of solution matrix as 

[ , ]P Q , the number of reviewers allotted to a proposal 

( x  P ) is restricted to K  i.e. the cardinality of set Q . 

Thus number of reviewers allotted to a particular 

proposal (x)  will be same for each proposal, which is 

equal to the number of elements in a row. 

Preference Constraints for Reviewers to Proposals  
This constraint represents the condition of 

preference based allottment. 

           

(9)  

For a particular proposal ( )x , reviewer 

( [ ][ ]soln x z ) with higher position of reviewing ( )z  

must have high preference, i.e. low integer value in 

preference matrix, than all other reviewers ( [ ][ ]soln x z ) 

who are reviewing comparatively lower position ( )zz . 

If reviewer ( [ ][ ]soln x z ) is allotted to the proposal ( )x
 

as position of reviewing ( )z , then preference value of 

that reviewer for the specific proposal must be less than 

or equal to the remaining reviewers ( [ ][ ]soln x zz ) 

having position of reviewing less than the former i.e.  

[ ][ [ ][ ] [ ][ [ ][ ]w x soln x z w x soln x zz . 

If the preference constraint is violated, the penalty 
function [ ][ ][ ]pen x z zz  will be activated. 

 

(10) 

The above penalty equation will be activated if 
there is allotment of proposals against the preference 
value i.e. if (9) is not satisfied. It will penalize the 
objective function with the difference in the value of 
preference of the reviewers who are allotted against the 

preference constraint to the proposal ( )x
 

for the 

position ( )z or ( )zz  of reviewing. For instance in the 

above discussed case for N=7, M=3, and K=2, if 
allotment for proposal 1P  would have been  

(1,1) 3;  (1, 2) 1;soln soln   then the penalty function 

will be activated as 1[1][3][1] -  pen  3  2  . This 

penalty function will later penalize the objective 
function. 

Conflict of Interest constraint 
In case of COI between a reviewer and a proposal, 

the proposal ( )x  should not be allotted to the reviewer. 

COI between a proposal and reviewer can be 
distinguished from the preference matrix as preference 
of the reviewer for that proposal will be zero.  

                 (11) 

E. Objective Function
 
 

 

(12) 

 
The objective function represents the minimization of the 

weighted sum of global preference value plus a penalization 
term to minimize the infeasibilities introduced through the 
assignment of reviewers to positions in conflict with 
preference criterion. The multiplication factor α fulfills the 
requirement of relative weights. It is generally kept in the 

order of at least 10 times the magnitude of Pref  value, 

implying that even for small violation, objective is highly 
penalized, hence keeping the infeasibilities to the minimum. 

In this way the proposed constraint programming 
framework involves the satisfaction of set of constraints (6)-
(11), to obtain optimality of objective function (12) for a given 
set of proposals to be reviewed by a panel of reviewers. 

COMPUTATIONAL EXAMPLES 

Proceeding section discusses about the solution obtained 
for several panel assignment problems with varying 
specification and size. All the problems have been solved in 
IBM ILOG CPLEX Optimization studio 12.2 on Windows 7 
platform running on 2.67 GHz processor. 

Example 1: In this case a panel comprising of 8 reviewers are 
given a set of 14 proposals, such that each proposal needs to 

( (( ) [ ][ ] )) , 

                                                        ,

N N

M M
count x P soln x z , y

y R z Q

   
      

   

  

(  ) [ ][ ]   allDifferent z Q soln x z x P   

[ ][ [ ][ ]] [ ][ [ ][ ]], 

                              ; , ;  

W x soln x z W x soln x zz

x P z zz Q z zz



   

[ ][ [ ][ ]] ! 0  ;W x soln x z x P z Q   

Minimize     ( + α* )Pref Penalty

[ ][ [ ][ ]][ [ ][ ]]

[ ][ [ ][ ]] - [ ][ [ ][ ] ]    

pen x soln x z soln x zz

 w x soln x z   w x soln x zz  
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be reviewed thrice. Thus N=14, M=8, K=3. The preference 
values for this panel are given in Table I.  

The given set of preference values is feasible type of data, 
which means that all the constraints are well satisfied without 
any violation. Solving this data in IBM ILOG CPLEX 
Optimization studio gives the following result. 

Table I: Preference matrix for Example 1. 

 r1 r2 r3 r4 r5 r6 r7 r8 

p1 0 1 6 14 2 14 5 2 

p2 2 14 14 3 14 1 2 6 

p3 2 3 8 14 14 2 14 1 

p4 1 0 3 2 6 14 5 3 

p5 14 14 14 2 1 3 2 14 

p6 3 5 1 14 2 14 6 14 

p7 2 14 14 3 14 1 5 14 

p8 14 3 2 14 1 0 14 6 

p9 6 2 14 3 14 1 14 5 

p10 14 3 2 14 1 2 14 14 

p11 3 1 0 1 14 2 14 2 

p12 14 6 1 14 2 14 14 14 

p13 0 14 4 14 6 3 1 2 

p14 1 14 14 2 3 0 1 14 

 
The five non-dominated solutions or realizations can be 

obtained, one of which is shown in Table II. The solution has 
an objective value of 85. 

Table II: Optimal assignment for Example 1. 

 r1 r2 r3 r4 r5 r6 r7 r8 

p1 - L - - R1 - - S 

p2 S - - - - L R1 - 

p3 R1 - - - - S - L 

p4 L - - S - - - R1 

p5 - - - L - R1 S - 

p6 R1 - L - S - - - 

p7 L - - S - - R1 - 

p8 - R1 S - L - - - 

p9 - S - R1 - L - - 

p10 - - R1 - L S - - 

p11 - S - L - - - R1 

p12 - R1 L - S - - - 

p13 - - R1 - - - L S 

p14 S - - R1 - - L - 

LEAD 2 1 2 2 2 2 2 1 

SCRIBE 2 2 1 2 2 2 1 2 

REV1 2 2 2 2 1 1 2 2 

TOTAL 6 5 5 6 5 5 5 5 
 

 

Example 2: This is the case of panel assignment when the 
preference data cannot satisfy all constraints and has to violate 
the preference order for LEAD, SCRIBE, REV1… and so on, 
in order prevent violation of any other constraint. To obtain 
the solution with minimum violation of the preference order 
we use a penalty function [ ][ ][ ]pen x y yy , as discussed in the 

previous sections. Here we have six proposals reviewed by 
five reviewers, each proposal being reviewed four times i.e. 
N=6, M=5, K=4 .The preference values are given in Table III. 

Using a weight of α = 1000 on the penalty function, an 
assignment as shown in Table IV is obtained, with objective 

value of 1070, where Pref is 70 and Penalty  is 1 .This 

assignment is made by introducing infeasibilities into the 

preference constraints for reviewers to proposals as shown in 
the violations column of Table IV. For example, in the 
assignment of proposal3, REV1 is done by reviewer3 having 
preference value 5, whereas REV2 is done by reviewer1 
having preference value 4, hence REV1 and REV2 are in 
reverse order and violate the preference constraint thereby 
creating infeasibility and causing the objective function to be 
penalized by a value = 5-4 = 1. 

Table III: Preference values for Example 2 

 r1 r2 r3 r4 r5 

p1 3 1 6 2 5 

p2 1 2 4 3 5 

p3 4 6 5 2 3 

p4 6 3 2 4 1 

p5 3 5 1 2 6 

p6 1 2 6 3 4 

 
Table IV: Optimal assignment for Example 3. 

 r1 r2 r3 r4 r5 Violations 

p1 S L R2 - R1  

p2 L S R2 R1 -  

p3 R2 - R1 L S R1    R2 by 1 

p4 - R1 S R2 L  

p5 R1 R2 L S -  

p6 L S - R1 R2  

LEAD 2 1 1 1 1  

SCRIBE 1 2 1 1 1  

REV1 1 1 1 2 1  

REV2 1 1 2 1 1  

TOTAL 5 5 5 5 4  

 

     Thus, the assignment of positions does not completely 
follow the preference constraints for reviewers to proposals. 
However this assignment corresponds to the minimum 
possible violations of preference for obtaining the least 
objective value of our primary goal, Global Preference Value. 

Example 3: This is another case of infeasible type data, where 
7 proposals need to be reviewed by 5 reviewers, each being 
reviewed four times. Thus N=7, M=5, K=4. The preference 
values for this problem are given in Table V. 

Table V: Preference values for Example 3. 

 r1 r2 r3 r4 r5 

p1 3 1 2 7 4 

p2 2 5 0 7 3 

p3 7 0 1 3 6 

p4 0 2 4 7 1 

p5 5 1 3 2 0 

p6 7 2 4 0 1 

p7 4 2 7 0 6 
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The solution with optimal value 6105 by using  = 1000  is 

shown in Table VI, where Pref  value is 105. A penalty of 6 

is imposed on the objective due to the violations in 
assignments of proposal 2, 3 and 5. As can be seen, no other 
constraint is violated except the preference constraint for 
reviewers to proposals (9). 

Table VI: Optimal assignment for Example 3. 

 r1 r2 r3 r4 r5 Violations 

p1 R1 L S R2 -  

p2 L R2 - R1 S R2   R1 by 2 

p3 R1 - L S R2 R1   R2 by 1 

p4 - S R1 R2 L  

p5 R2 R1 S L - 
S  R1 by 2, 

R1   L by 1 

p6 R2 S R1 - L  

p7 S L R2 - R1  

LEAD 1 2 1 1 2  

SCRIBE 1 2 2 1 1  

REV1 2 1 2 1 1  

REV2 2 1 1 2 1  

TOTAL 6 6 6 5 5  

 

CONCLUSION 

     Through this article, we have successfully proposed an 

alternate technique involving CP strategy to formulate the 

NSF panel-assignment problem. This model is capable of 

providing solution to all sorts of allotment possible for 

NSF panel assignment problems, increasing the utility of 

the formulation, enhancing the real life application, and 

ensuring a guaranteed best possible assignment for the 

user input thus enhancing the decision making process. 

This has been observed that this technique very often 

continues the exploration of the search space to prove the 

optimality in spite of attaining the optimality. With the 

use of high speed processors the decisions can be taken in 

fractions of seconds hence making a machine more 

independent and creating a newer facet of artificial 

intelligence. This CP framework can further be extended 

to study the various trade-offs between competing 

objectives of penalty and Global Preference value and 

discover Pareto optimal solutions for infeasible set of 

data. 
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Abstract-In the Web environment the captured end user interaction from Web sites and portals may be used to figure 
out end user behaviour and build user profile, and then perform personalized services. The captured end user 
behaviour is a useful aid for web designer / administrator to make rule based decision for developing quality web site 
.The presence of noise in the captured web log data may affect the knowledge based decision. The null value means 
unavailable or inapplicable value in the generated operational data .To make the web log accurate the Null value 
handling may be effective approach. The knowledge based decision from database can be taken through data mining 
techniques. But it is possible to store null value in a database. Handling these null values is a major dispute. This 
paper proposes a review on web mining techniques and throws some light on null value and its involvement in web 
mining. This paper also gives the correlation between the web log and the null value in web log files. 

 

Keywords— Web Mining, Web Log, Null value, Log Parser. 

I. INTRODUCTION 

Data mining is one of the popular fields which 
extracts knowledge from data sets, and plays an 
important role in computational intelligence, by the 
log records investigator can keep an eye on the 
client’s activities but most of the time links break 
due to which it is not possible store entire log 
record entry in the database, this creates many 
problems for investigation of the client activities, to 
enhance the investigation one of the significant 
process is estimate the null values.  

The mining will give efficient results when it has 
the excellent training data set. So there is a need of 
good analysis of database. Data mining techniques 
use pre- processing in order to provide efficient 
results. As far as the database is consent it is good 
to minimize the null value from the database in 
order to enhance the information quality. If the 
database is not up to mark then there is a possibility 
of poor information mining, quality of information 
reduces even some time receive the incorrect 
information. 

A null value indicates the absence of 
information or the value is unknown. Comparisons 
between null values or any other values and null, 
return unknown results because the value of each 
null is unknown or unavailable. The mining 
process will be ineffective if the samples are not a 
good representation of the data.  

This paper is a review on data mining, web 
mining and null value estimation in data mining. 

 

II. DATA MINING 

Data mining is one of the popular fields which 
extracts knowledge from huge database, and plays 

an important role in computational intelligence, by 
the log records, investigator can keep an eye on the 
client’s activities but most of the time links break 
due to which it is not possible store entire log 
record entry in the database, this creates many 
problems for investigation of the client activities, to 
enhance the investigation one of the significant 
process is estimate the null values. 

 

Figure 1 approach of Data Mining 

 

III. WEB MINING 

In recent years, some researchers focused on 
estimating null values using fuzzy Set theory with 
learning technique. In this section, we describe 
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briefly about the null value, web mining, k-means 
clustering, fuzzy c-means clustering, log records 
and log parser. 

Web mining is the branch of the data mining 
used for discovering the patterns from the web, due 
to the heterogeneous and devoid of structure of the 
web; data mining is a challenging task. Through the 
web server many kinds of data are generated, one 
of them is log records. Due to many security 
reasons it is necessary to analyse web log record 
but many times by the failure in the networks some 
field of these log records are unknown but this 
unknown information is very important in the field 
of investigation, so we propose some possible 
methods to estimate this unknown value in log 
records with high accuracy. 

Web log mining is application of data mining 
techniques to discover user access patterns from 
web data. Web usage/log data captures web-
browsing behavior of users from a web site. Web 
usage mining can be classified according to kinds 
of usage data examined. In our context, the usage 
data is Access logs on server side, which keeps 
information about user navigation. Handling Null 
values in web server log, however, is of a more 
recent origin with somewhat different constraints 
and objectives.  

 
 

 
Figure 2 Web mining Taxonomy 

 

IV. WEB LOG AND LOG ANALYSER 

A file having all the entry related to activity of a 
specific task is called log file. Wether web log   

Log files formed by web or proxy servers are 
text files with a row for each http transaction on the 
network. The web log gives information about the 
site's visitors, activity statistics, accessed files, 
paths through the site, information about referring 
pages, search engines, browsers, operating systems, 
and more. Here we describe a log entry. 

 

 
 

Figure 3 Web Log Example 
 

180.149.53.35 - - [13/Oct/2012:02:49:09 -0700] 
"GET /index.php?option=com_content&task=view 
&id=406 HTTP/1.1" 200 29493 http:/ 
/indianrailways.gov.in/content/view/46/" "Mozilla 
/5.0 (Windows; U; Windows NT 5.2; en-US; 
rv:1.9.2) Gecko/20120115 Firefox/3.6" 

Here “121.245.6.12” is the IP address of the 
client (on the basis of client server architecture). 
[13/Oct/2012:02:49:08 -0700] is a section of time 
with date at which the data requested by client. 
“GET / HTTP/1.1” is the method of the data 
transfer from server to client. It means the server 
will use one of the methods for data transfer. It also 
defines the protocol used by the presented 
methodology.  
http://indianrailways.gov.in/content/view/46/” is 
the URL requested by the client, “HTTP/1.1” is the 
http. The one statement has whole information of 
transaction between server and client architecture. 

 
A server replies thousands of requests in a day. 

So that the web log file will have the thousands of 
entry. The analysis of a log file is very complex. 
There are two major cause of this complexity first 
is continuous entry in log file.  The second is 
unformatted log file. So there is a need of log 
analyser.  

V. NULL VALUES 

A null value indicates the absence of 
information or the value is unknown. A value of 
null is different from an empty or zero. 
Comparisons between null values or any other 
values and null, return unknown results because the 
value of each null is unknown or unavailable. The 
mining process will be ineffective if the samples 
are not a good representation of the data.  

 
Database systems have much more operational 

inefficiencies, therefore, for many applications in 
the area of data analysis, data pre-processing is an 
essential step. The null value may be due to the 
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data was not captured, due to faulty equipments, 
inconsistencies with other recorded data, the 
application program might have deleted the data, 
the data were not entered due to misunderstanding, 
certain data may not have been considered 
important enough at the time of entry and the data 
was not registered in the database.  

 
 Sometimes null values represent important and 

critical data, and may need to be inferred and 
estimated. In recent years many researchers 
focused on the research topics of estimating null 
values in relational database systems. There are 
several approaches to deal with this problem; 
ignore objects containing missing values, fill the 
gaps manually, substitute the missing values with a 
constant, use the mean of the objects and use the 
most probable value to fill in the missing values, 
but these methods are not completely satisfactory 
to handle null value problems [1]. Therefore it is 
one of the leading research areas in the pre-
processing of the data.  

VI. RELATED WORK 

In [1] Ching-Hsue Cheng, Liang-Ying Wei, Tzu-
Cheng Lin attempt to Improving Relational 
Database Quality Based on Adaptive Learning 
Method for Estimating Null Value. In this paper, 
they present a new method for estimating null 
values in relational database systems based on 
adaptive learning techniques. The proposed method 
utilizes clustering algorithms to cluster data, and 
calculate coefficient values between different 
attributes by generating minimum average error. To 
verify our method, this paper utilizes two database 
(Waugh’s database and Employee relational 
database), and Mean of Absolute Error Rate 
(MAER) as evaluation criterion to compare with 
the listing methods. Therefore, we propose the 
degree of influence to estimate null values in 
relational databases, based on clustering and the 
coefficient values generating by adaptive learning 
techniques. In [4] Muhammad Nazrul Islam, Pintu 
Chandra Shill, Muhammad Firoz Mridha, Dewan 
Muhammad Sariful Islam and M.M.A Hashem 
attempt to Generating Weighted Fuzzy Rules for 
Estimating Null Values Using an Evolutionary 
Algorithm. In their paper they present the 
technique to generate weighted Fuzzy rules from 
relational database systems for estimating null 
values using Evolutionary algorithms. The 
parameters (operators) of the Evolutionary 
algorithms are adapted via Fuzzy systems. They 
have fuzzified the attribute values using 
membership functions shape, type and parameter 
values. The results of the Evolutionary algorithms 
are the weights of the attributes. The different 
weight of attribute generates a set of Fuzzy rules. 
From this they have obtained a set of rules. Their 
proposed techniques have a higher average 
estimated accuracy rate and able to estimate the 
null values in relational database systems. In [7] 
Ching-HsueCheng and Jia-WenWang attempt to 
analyze database to estimate null values, in this, 

they proposed a new approach to estimate null 
values in relational database, which utilize other 
clustering algorithm to cluster data, and use fuzzy 
correlation and distance similarity to calculate the 

correlation of different attribute. In this paper, they 
present two kinds of correlation method to estimate 
null values in relational database based on fuzzy 
correlation and distance similarity. It can estimate 
null values in relational database systems more 
accurately.  

VII. CONCLUSION 

The proposed paper gives an idea of data 
mining. It also throws some light on the web 
mining techniques. The presented papers give the 
introduction of null value in database. Here we 
studied the previous methods proposed by authors 
in order to solve the problem of null value.  In 
future we can solve the problem of null value in 
web log in order to find the efficient web mining.  
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Abstract—  In recent years, the dramatic increase in 
content on the web has gained significant research 
attention. Research has been carried out exploring novel 
ways of providing information services using this 
available content. However, the task of extracting 
meaningful information from available E-contents and 
produce them as a concise courseware remains a 
challenge. This work presents a rule based SWS 
composition approach that exploits available E-Content 
and prepare concise specific courseware, which is need 
based, customizable and on-demand, preparation is real-
time, searchable through keyword/s. This paper describes 
development of a methodology for rule based 
customizable courseware preparation from existing 
available contents on selected topic/topics, based on a 
particular keyword. This may be a holistic approach 
towards development of concise digital library on selected 
topic/topics. We use Protégé as a tool to demonstrate this 
approach. Using protégé we created an Ontology of 
Ebooksearch and SWRL Rules to extract desired 
paragraph (containing keyword) and after combining 
different paragraphs from various eBooks we get desired 
courseware.     

Keywords-component: E-Content, OWL, SWRL, SQWRL, 
Semantic Web, Ontology, Rule based, Courseware 
 

I.  INTRODUCTION   

Presently, the web is a vast and static source of 
information. Finding the right piece of information on the 
Web is generally a nightmare. One gets lost into the huge 
amount of irrelevant materials and may often miss the 
relevant matter, while searching the Web for some specific 
information. Searches are often imprecise and returns 
pointers to many thousands of pages. User must read through 
the retrieved documents to extract the desired information 
(Fensel et al., 2005). Keyword-based search-engines, which 
are main tools of using the today’s Web, generally have a 
serious problem that their results are highly sensitive to 
vocabulary. Because of this, semantically similar queries also 
return different results. In case the required information is 
spread over the various documents, one needs to initiate the 
several queries to collect relevant contents and then to 
manually extract the partial information and put it together. 
So, the current search-engines do not seem to be ‘information 
retriever’ but only the ‘location finder’ (Antoniou and 
Harmelen, 2004). The main reason behind these problems is 
that the meaning of the Web content is not machine-

accessible. 

This situation means that the heavy burden in 
information access, extraction, and interpretation is left to the 
human web users. Means to put machine-understandable data 
on the web are becoming increasingly important.   

Motivation  

Motivation for our work comes from the following factors:  
 Growing usage of web for learning purposes.  
 Huge source of ebooks are available on the web,but  

based on a particular keyword collecting various 
chapters  from different ebooks and then again  from 
the selected  chapters selection  of specific 
paragraphs (based on their relevance) for the 
dynamic content creation for particular topic. No 
works was found in the literature dealing with this 
issue.   

In this work we have to develop an ebooksearch 
ontology using protégé. In ebooksearch ontology our 
objective is to prepare E-Content, which is need based, 
customized, on-demand, real-time, and searchable through 
keyword/s. This ontology contains Ebook, Chapter and 
Paragraph classes along with the various object and datatype 
properties. Besides of classes with corresponding individuals 
ontology also comprises of SWRL and SQWRL rules for 
inferring the resultant content. The resulting content must be 
based on a keyword/s as well as it must contain only relevant 
paragraphs of various chapters. For this we have to use 
OWL-DL as the main ontology language together with 
SWRL AND SQWRL as a query language, pellet as a 
reasoner, and JESS as a rule solver for both the rule 
languages SWRL and the SQWRL. 

 
II.   PROBLEM DESCRIPTION  
 

Let us consider, we have to prepare a study material for 
one of the topic Tk (from different topics T1…Tn) of a 
particular subject Sp from various subjects S1...Sm.  

To do this we decomposed problem in two phases- 
a.  Extracting chapters from eBooks based on key,  

then  
b.  Extracting paragraphs from extracted chapters 

based on keyword and their relevance.   
 

To prepare desired contents: first of all we have to take 
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 the available books Ebook1…Ebookn for that particular 
subject(s) in which topic (t) is available. See figure 1 
After that from the keyword we have to identify the subject, 
then we get the various books on that subject like B1, B2, 
B3, … ,Bn. Each of the B1-Bn books contain n no of chapters 
from Ch1, Ch2, … , Chn, now suppose concern 
chapters in book B1 is Ch3, in book B2 is Ch2, and so on. 
So till now we have extracted chapters from different books, 
after getting chapters which is again collections of n no of 
paragraphs and let it be P1, P2,…,Pn. But our concern is of 
only those paragraphs which contain particular keyword, 
based on this we have collected paragraph P3 from Ch3 
chapter, P1 from Ch2 chapter, and P2 from Ch2 chapter. 
Now finally we get the no. of chapters which contains the 
maximum no. of keywords. 

 

Figure1: Illustrates how content will be prepared from the 

keyword 

Abbreviations 

Ch1, Ch2,…. :  Chapter1, Chapter2 of a particular book 
B1, B2, …… :  Book1, Book2 of a particular subject 
P1, P2, …… :  Paragraph1, Paragraph2 corresponds to the keyword 

 
III.        REPRESENTATION OF EBOOKSEARCH   

DOMAIN KNOWLEDGE 
 

Knowledge representation is the symbolization or 
formalization of the knowledge of the world. Various 
Knowledge representation methods are predicate logics, 
production rules, framework, and ontology and so on. In this 
paper, we use the ontology and the rules to represent the 
knowledge of ebook. Rules can lay the foundation for 
expression and reasoning capabilities. Adding rules with the 
ontologies will solve the expressivity and reasonin problems. 
We use Protégé as an ontology editor, along with the JESS 
for rule based reasoning in Protégé. 

In Protégé, we developed Ebooksearch ontology, which 
contain three classes; Ebook, Chapter and Paragraph along 
with the various datatype and object properties. See figure 2. 
Just knowledge store is not enough, unless we use the rules 
to extract desired particular inferred knowledge and for it 
protégé integrated with the SQWRLTAB plugin to write 
various SWRL and SQWRL rules. We also use JESS as a 
rule solver for both SWRL and SQWRL rule languages. 

 

 
Figure 2   Illustrates the Ebook and chapter classes with three 

instances along with the object and data property 

 

IV.  IMPLEMENTATION  
   

A.  Ebooksearch ontology and reasoning  
 

Classes are the main component of ontology and 
Ebooksearch ontology contains three classes: Ebook, chapter, 
and paragraph, which are the subclasses of owl:thing class. 
Each class having certain properties to describe the value 
type, allowed values and other features of the values that the 
property can take. The Data type properties in Ebooksearch 
ontology are hasAuthors, hasCKeys, hasContents, hasName, 
hasRelevance. The Object property has domain and range. 
The class to which property is described is called the domain 
of the property. The allowed classes or type instances for the 
property are often called as range of the property. The Object 
properties have domain and range. The class to which 
property is described is called the domain of the property. 
The allowed classes or type instances for the property are 
often called as range of the property. The Object properties 
in Ebooksearch ontology are hasChapters and hasParagraph. 
The next step is creating individual or instances of classes in 
the hierarchy, and we have created 3 different instances of 
ebook, 4 for each ebook i.e. total 12 instances of chapters and 
36 instances of paragraphs. See the figure 3. We use Pallet 
reasoner for checking consistencies in the ontology and 
checking the consistency is used to identify the semantic 
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contradiction which makes ambiguity in the description of 
the domain. 

Below is the part of the Ontology for ebooksearch 
showing class chapter, ebook and their dataproperty and 
objectproperty along with restrictions of domain. 

 
 <owl:Class rdf:ID="Chapter"> 
    <rdfs:subClassOf 

rdf:resource="http://www.w3.org/2002/07/owl#Thing"/> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:minCardinality 

rdf:datatype="http://www.w3.org/2001/XMLSchema#int" 
        >1</owl:minCardinality> 
        <owl:onProperty> 
          <owl:DatatypeProperty rdf:ID="hasCKeys"/> 
        </owl:onProperty> 
      </owl:Restriction> 
    </rdfs:subClassOf> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:minCardinality 

rdf:datatype="http://www.w3.org/2001/XMLSchema#int" 
        >1</owl:minCardinality> 
        <owl:onProperty> 
          <owl:ObjectProperty rdf:ID="hasParagraphs"/> 
        </owl:onProperty> 
      </owl:Restriction> 
    </rdfs:subClassOf> 
  </owl:Class> 
  <owl:Class rdf:ID="Ebook"> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:onProperty> 
          <owl:DatatypeProperty rdf:ID="hasAuthors"/> 
        </owl:onProperty> 
        <owl:minCardinality 

rdf:datatype="http://www.w3.org/2001/XMLSchema#int" 
        >1</owl:minCardinality> 
      </owl:Restriction> 
    </rdfs:subClassOf> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:cardinality 

rdf:datatype="http://www.w3.org/2001/XMLSchema#int" 
        >1</owl:cardinality> 
        <owl:onProperty> 
          <owl:DatatypeProperty rdf:ID="hasName"/> 
        </owl:onProperty> 
      </owl:Restriction> 
    </rdfs:subClassOf> 
    <rdfs:subClassOf 

rdf:resource="http://www.w3.org/2002/07/owl#Thing"/> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:minCardinality 

rdf:datatype="http://www.w3.org/2001/XMLSchema#int" 
        >1</owl:minCardinality> 
        <owl:onProperty> 

          <owl:ObjectProperty rdf:ID="hasChapters"/> 
        </owl:onProperty> 
      </owl:Restriction> 
    </rdfs:subClassOf> 
  </owl:Class> 
  <owl:ObjectProperty rdf:about="#hasParagraphs"> 
    <rdfs:domain rdf:resource="#Chapter"/> 
  </owl:ObjectProperty> 
  <owl:ObjectProperty rdf:about="#hasChapters"> 
    <rdfs:range rdf:resource="#Chapter"/> 
    <rdfs:domain rdf:resource="#Ebook"/> 
  </owl:ObjectProperty> 
 
 
B. Ebooksearch-Ontology based reasoning 

 
In this work, SWRL is used for creating rules and 

SQWRL is used for supporting OWL queries. For example, 
the following query retrieves the ebook and their 
corresponding chapters. 

 Ebook(?e) ∧ hasChapters(?e, ?name) → 

sqwrl:select(?e, ?name) ∧ sqwrl:orderBy(?e) ∧ 
sqwrl:columnNames("Ebook Names", "Chapter Name") 

 The following query returns the paragraph containing 
keyword “frame” and relevance of the “frame” keyword is 
greater than 7.0. 

Paragraph(?p) ∧ hasKeywords(?p, "frame") ∧ 

hasRelevance(?p, ?r) ∧ swrlb:greaterThan(?r, 7.0) → 
sqwrl:select(?p)  

The query for retrieving the contents of the paragraph 
from all the available ebook with having chapter keyword 
“knowledge representation” with having paragraph keyword 
“frame” and having relevance of that keyword “frame” in the 
paragraph greater than 4.0. 

 Chapter(?c) ∧ hasCKeys(?c, "knowledge 

representation") ∧ asParagraphs(?c, ?p) ∧ 

hasKeywords(?p, "frame") ∧ hasContents(?p, ?n) ∧ 

hasRelevance(?p, ?r) ∧ swrlb:greaterThan(?r, 4.0) → 

sqwrl:select(?c, ?p, ?n) ∧ 
sqwrl:columnNames("ChapterName", "Paragraph Name", 
"Contents") 

 
 

V.     CONCLUSION 
 

The OWL-DL based Ebooksearch ontology was created 
using protégé. We have used the SWRL and SQWRL for 
inferring the constructed Ebooksearch ontology using 
different rules, and for it we use JESS rule engine to solve 
them. Consistencies checking of ontology was done using 
pellet reasoner. See figure 4 for final courseware creation 
output. This ontology will be of immense use for the content 
creation based on a particular keyword and hence customized 
digital library. In future we could integrate the other factors 
also to improve content creation along with the natural 
language support besides of just relevance coefficient. We 
can also include other parameters like 
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QoS and cognitive to decide the relevance of particular 
keyword/s in available contents. 
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Figure 3 Ontology graph showing classes and instances for 
ebooksearch 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 shows the final contents based on a particular chapter keyword (ckeys), particular paragraph keyword along with 
the relevance of that paragraph 
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ABSTRACT 
Combining human and machine capabilities can lead to powerful systems. In this regard we 
are inspired by a quote by Albert Einstein who said: "Computers are incredibly fast, accurate 
and stupid; humans are incredibly slow, inaccurate and brilliant; together they are powerful 
beyond imagination." We are interested in improving accuracy and speed in visual 
recognition tasks. Specifically, we want to enhance human-computer interaction in 
applications of pattern recognition where higher accuracy is required than is currently 
achievable by automated systems, but where there is enough time for a limited amount of 
human interaction. This topic has so far received only limited attention from the research 
community. Our proposal gives a good introduction and background to this area. The 
proposal's objective was to develop guidelines for the design of mobile interactive object 
classification systems; to explore where interaction is, and where it is not, appropriate; and to 
demonstrate working interactive recognition systems. Mobile computing devices are being 
endowed with ever-increasing functionality. To demonstrate the augmentation of human 
cognition in an interactive visual recognition task, we reengineered a PC-based system called 
CAVIAR (Computer Assisted Visual Interactive System) for a handheld computer with 
camera attachment. The resulting Interactive Visual System (IVS) exploits the pattern 
recognition capabilities of humans and the computational power of a computer to identify 
flowers based on features that are interactively extracted from an image and submitted for 
comparison to a species database. While IVS has similar functionality to that of CAVIAR, 
because it runs on a handheld computer, it offers complete portability for use in the field. We 
find that the handheld IVS and PC-based CAVIAR systems outperform humans alone both 
on speed and accuracy and machines alone on accuracy. 
 

INTRODUCTION 

The term neural network was traditionally used to refer to a network or circuit of neurons. 

The modern usage of the term often refers to artificial neural networks, which are composed 

of artificial neurons or nodes. Thus the term has two distinct usages: 

Biological neural networks  are made up of real biological neurons that are connected or 

functionally related in a nervous system. In the field of neuroscience, they are often identified 

as groups of neurons that perform a specific physiological function in laboratory analysis. 

Artificial neural networks  are composed of interconnecting artificial neurons 

(programming constructs that mimic the properties of biological neurons). Artificial neural 

networks may either be used to gain an understanding of biological neural networks, or for 

solving artificial intelligence problems without necessarily creating a model of a real 

195

http://en.wikipedia.org/wiki/Artificial_neural_network
http://en.wikipedia.org/wiki/Artificial_neuron
http://en.wikipedia.org/wiki/Biological_neural_network
http://en.wikipedia.org/wiki/Nervous_system
http://en.wikipedia.org/wiki/Neuroscience
http://en.wikipedia.org/wiki/Artificial_neural_network


biological system. The real, biological nervous system is highly complex: artificial neural 

network algorithms attempt to abstract this complexity and focus on what may hypothetically 

matter most from an information processing point of view. Good performance (e.g. as 

measured by good predictive ability, low generalization error), or performance mimicking 

animal or human error patterns, can then be used as one source of evidence towards 

supporting the hypothesis that the abstraction really captured something important from the 

point of view of information processing in the brain. Another incentive for these abstractions 

is to reduce the amount of computation required to simulate artificial neural networks, so as 

to allow one to experiment with larger networks and train them on larger data sets. 

Applications of artificial neural networks  

The tasks to which artificial neural networks are applied tend to fall within the following 

broad categories: 

 Function approximation, or regression analysis, including time series prediction and 

modelling.  

 Classification, including pattern and sequence recognition, novelty detection and 

sequential decision making. 

 Data processing, including filtering, clustering, blind signal separation and compression.  

Application areas of ANNs include system identification and control (vehicle control, process 

control), game-playing and decision making (backgammon, chess, racing), pattern 

recognition (radar systems, face identification, object recognition), sequence recognition 

(gesture, speech, handwritten text recognition), medical diagnosis, financial applications, data 

mining (or knowledge discovery in databases, "KDD"), visualization and e-mail 

spam filtering. 

 

INTERACTIVE VISUAL SYSTEM 

IVS draws on innate perceptual ability to group "similar" regions, perceive approximate 
symmetries, outline objects, and recognize "significant" differences. It exploits computer 
capability of storing image-label pairs, quantifying features, and computing distances in an 
abstract feature space of shapes and colours. The IVS architecture was developed specifically 
for isolated object recognition in the field, where the time available for classifying each 
image is comparable to that of image acquisition. Whereas many of the more interesting 
mobile applications are communications based, IVS is autonomous.  
This approach could also be used in other domains such as 

Interactive flower recognition 

Interactive flag recognition 
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Interactive skin lesion recognition 

INTERACTIVE FLOWER RECOGNITION 

OPERATION 
User interaction is a defining feature of the IVS. Interaction with a handheld computer is 
similar to that with a desktop. The user points, and drags objects on the screen with a stylus, 
which is a better direct action device than a mouse. The display features are optimized to fit 
in a relatively small space. For detailed examination, thumbnail images can be zoomed to fill 
most of the screen.  
 

 
 
The IVS in the field. 
 

   
IVS graphical user interface           Adding a new exemplar to IVS 
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The Load button loads a new image. The IVS resizes and centres it in a 240x150 pixel area 
without changing its aspect ratio. The Auto operation directs IVS to attempt to outline the 
flower by edge detection and filtering, and to determine the colour(s) and shape of the petals 
and of the centre. A nearest-neighbours classifier ranks the species and produces an ordered 
thumbnail display (80 x 50 pixels each) of the top three candidates. The user may then click 
on one of the candidates to confirm classification, or inspect other classes by means of the 
Next 3 button. It is also possible to enter or correct the features with the stylus. 
 

As an alternative to the Auto operation the user can interactively assist IVS to extract features 
selected from the Action drop-down menu at the bottom of the screen. Selection prompts a 
toggled panel displayed at the top of the screen. Then, the user either enters the required 
information, such as the number of petals, or directs IVS to record the feature measurement, 
such as the petal or centre colour from the location on the image touched by the user. The OK 
button confirms the action and stores the feature. 
 
Once some or all the features have been interactively extracted or corrected, the Identify 
button directs IVS to identify the flower by comparing the extracted feature measurements to 
those of species in the database. New species can be added to the database via the Store 
button. Context-sensitive Help provides a brief guide for every option.  
 

EXTENSIONS 
 
Mobile, interactive visual recognition is likely to prove applicable to other families of 
“natural” objects, such as fruit, trees, beetles, and traces of disease or stress on specific plants. 
It may also be useful in the final stages of some biometric applications, especially face 
recognition. 
 
We don’t consider IVS as just a temporary solution until computer vision gets to be “good 
enough.” Its potentially most significant applications may well be in education and training. 
After sufficient experience with an IVS, students could learn to classify objects of a given 
family as accurately and as fast as a domain expert and, like the expert, rarely require 
computer help. The IVS is an example of human cognitive augmentation. 
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Abstract: IT firms must develop high quality software products on time and at low cost. Agile Software 
Development and the breed of Agile Methodologies (XP, SCRUM, DSDM, etc.) have gained popularity 
since 2001. Primarily founded as methodologies for software projects executed at a single location, 
Agile Methodologies have started showing promising results in multi-site projects too with many 
adopters and practitioners across the globe. For more than two decades, offshore delivery models 
have been successful in case of application maintenance and enhancement projects. In case of 
development projects iterative lifecycle approaches have gained familiarity and acceptability 
compared to the classical waterfall approach in delivering results and ensuring customer satisfaction. 
Agile Software Development focuses on early delivery of working software to measure the progress of 
projects and hence to mitigate risks. It creates an environment that responds to changes by means of 
being flexible and nimble. It discourages creation of extensive documents that do not add any value to 
the customer. Applying Agile Principles and Practices to software projects executed by teams located 
across geographies. This paper is based on our experience in executing Outsourced Product 
Development & Testing engagements using Distributed Agile practices.  This paper presents Critical 
Success Factors that need to be considered while implementing Agile Software Development and 
Testing across distributed teams

1. INTRODUCTION  
The information technology (IT) industry is 
characterized by rapid innovation and intense 
competition. To survive, IT firms must develop 
high quality software products on time and at low 
cost. A key issue is whether high levels of quality 
can be achieved without adversely impacting 
cycle time and effort. Conventional beliefs hold 
that processes to improve software quality can be 
implemented only at the expense of longer cycle 
times and greater development effort. However, 
an alternate view is that quality improvement, 
faster cycle time, and effort reduction can be 
simultaneously attained by reducing defects and 
rework.  In Outsourced Product Development & 
Testing arena Agile [1] has been the mantra of 
success during this decade. This trend is going to 
continue as the adoption of agile practices 
continues to increase with seemingly better rate of 
adoption. In order to exploit the availability of 

talent mix and associated cost-effectiveness in 
various geographies, distributed agile has started 
gaining momentum [4]. When it comes to 
executing multi-site projects, agile practitioners 
do face several challenges due to factors such as 
distribution of teams that results in limitations in 
face-to-face communication, and cultural mix of 
teams that impedes team bonding. However, 
whether a collocated agile team embraces 
distributed teams and attempts to implement 
distributed agile or several virtual teams come 
together to implement distributed agile, the short 
term results are not impressive because of these 
inherent challenges. This paper, though it does not 
attempt to address all the nuances of a specific 
methodology such as Scrum or the details of 
Distributed Agile Software Development in 
general, intends to present a list of ten Critical 
Success Factors that need to be considered along 
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with agile practices and principles to ensure 
project success. 
  
2. CRITICAL SUCCESS FACTORS  

Agile Software Development [1] in a distributed 
environment does not mean step-by-step 
implementation of any specific agile methodology 
such as Scrum with high expectations on on-time 
high-quality delivery. It means collaboration 
among distributed teams to collate processes that 
follow agile principles and to put together a 
methodology that works for them. Projects that 
follow distributed agile suffer when a 
methodology accepted by a sub team drives the 
rest of the team. Successful distributed agile 
projects happen because of collaborative teams 
that drive to define a methodology for themselves 
[4]. The definition of such a methodology happens 
by means of open communication and minor 
adjustments to make things work as expected. 
More importantly, a methodology that works for 
one distributed ecosystem may not work for 
another distributed ecosystem. This is because, for 
any methodology, while the basic tenets remain 
intact, the implementation details vary across 
ecosystems [2]. With several years of experience 
in executing projects with distributed teams we 
have derived a set of Critical Success Factors, 
based on our Best Practices as well as Lessons 
Learned, to ensure project success. The following 
sections in this paper discuss these Critical 
Success Factors.  
A. Setup the Base Camp!  
In case of agile projects, collocated teams and 
face-to-face communication enable high level of 
collaboration. Collocated teams can have face-to-
face meetings and discussions to iron out the base 
architecture, design guidelines and understand 
critical milestones. Hence coding can start from 
the first week itself, if not from the first day. On 
the other hand, in case of distributed agile projects 
setting up the base camp is very essential in order 
to put the right foot forward. Setting up the base 
camp involves forming a seed team. Typically, 
members of this seed team are selected from 
distributed locations. They come together and 

spend 4 to 8 weeks depending on the size of the 
project, at a central location where the project 
initiates from. The objectives of setting up this 
base camp are creation of initial documents or 
wiki pages that provide project scope, high level 
requirements or user stories for the initial 2 or 3 
iterations or Sprints, proposed architecture, 
designs of initial user stories, and high level 
roadmap or critical milestones. Defining the 
structure of distributed teams so that engineers at 
a location are not treated as augmented team 
members reporting into a lead sitting at a different 
location. Identification of additional Project 
Manager(s), and Technical Leader(s) depending 
on the size of the project. Identification of tools to 
be used to track project tasks as well as to track 
engineering processes such as configuration 
management/source code control, code reviews, 
defect tracking, etc., Define basic guidelines on 
source code control, build & release and related 
processes.  
Setup of Development, Staging and Test 
environments and connectivity to remote 
locations. Preparation for project kick-off meeting 
or video conferencing Establishing a clear 
understanding of what to expect during the first 
few iterations or Sprints.  
Distributed projects do not to provide good results 
when some of these activities happen during 
project execution while a set of stakeholders 
continue to expect working code and the project 
team strives to complete these preparatory tasks. 
This is the zone of frustration that could impact 
team morale. In order to ensure success, setting up 
the base camp is essential. When the base camp is 
set, induct the rest of the team and introduce them 
to the project. The journey will be progressive and 
successful.  
During the first project, it is worth extending the 
base camp to produce working code for few initial 
stories – this helps in refining the build and 
release processes. Though it is not mandatory to 
setup a base camp for projects of the same nature, 
base camps of shorter duration can be considered 
to set expectation and kick start such projects.  
Setting up the base camp provides several 
benefits. On project execution front this provides 
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an opportunity to have adequate clarity on 
technical environment, tools and key engineering 
processes [3]. On people front this provides an 
opportunity for rapport building that can assure 
efficiency in resolution of issues and conflicts 
during the project. Overall, this provides an 
opportunity to start distributed agile projects on 
the right foot.  
B. Ensure Explicit Delegation and Validate 
Assumptions  
Collocated teams can deal with crisp forms of 
delegation as there is abundance of avenues such 
as follow-up discussions or informal 
conversations to catch up with details. Distributed 
teams miss such opportunities. In distributed 
environments, delegation happens over chat, 
email, phone calls or video conferences. It is the 
responsibility of the delegator to be explicit in 
delegating tasks and setting intermediate 
milestones if applicable. On the other hand, team 
members need to master their skills in asking the 
right question to understand necessary details.  
Validating the understanding of team members is 
the only way to ensure explicit delegation. During 
conference calls over phone or video conferencing 
it is good to ask the team members articulate their 
understanding of the situation or read out the 
action plan. In essence, ensuring explicit 
delegation sets right expectations.  
Assumptions made during initial stages of projects 
go unnoticed until end-users raise issues after the 
final delivery. There has to be a balance between 
„Uncertain Assumptions‟ and „Convenience‟ 
when we go agile. We need to make and 
appreciate certain uncertain assumptions to make 
progress in any project. However, at regular 
intervals, we need to clarify or validate such 
assumptions and make timely corrections. The 
impact of unresolved „Uncertain Assumptions‟ on 
Product Quality could be fatal. In this context, 
customers‟ perception on product quality would 
remain negative due to their initial experience 
during User Acceptance Testing. Besides, 
depending on the magnitude of such assumptions 
the overall product testing activities may have to 
be repeated in part or full to ensure a successful 
rollout. Finally, product release may not happen as 

planned. In distributed environments the chances 
of executing projects with „Uncertain 
Assumptions‟ is more and hence an additional 
level of status check is required to have 
assumptions validated or clarified at regular 
intervals.  
C. Cut Communication Loops  
Timely resolution of design issues or other 
technical problems provide clarity to developers 
as well as testers. When it comes to Distributed 
Agile, timely resolution of issues or timely 
selection of technical alternatives becomes very 
crucial due to the geographical spread of the team 
and the absence of onsite customer for face-to-
face interaction and query resolution. In this 
environment, there are times when team members 
start managing technical discussions through 
emails, chats and telephonic communication 
instead of having a set target date to complete the 
discussion. First of all, it is detrimental to any 
budget driven project. Also, such communication 
loops will drain the energies of productive team 
members.  
Observe long-running unproductive 
communication loops and resolve them. This is 
doable only when there is high level of 
communication and transparency across teams. 
Watch out for 1-1 interactions that show 
insignificant results. Facilitate the resolution and 
closure of stretched queries and streamline project 
progress.  

For example, a smaller development team across 
the shore may start yielding to minor delays or 
multiple hops of communication from larger 
teams at other locations. In this process, the team 
members would keep certain technical discussions 
pending until a status check or a major milestone. 
Distributed teams need to empower local leaders 
to identify and resolve impediments on a daily 
basis. Communication loops that are in progress 
may not appear to be true impediments. A way to 
identify and resolve impediments is to encourage 
leaders at each location to have informal 
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discussions with their teams so that they 
understand the pulse of such situations.  

D. Facilitate Tool Driven Query Resolution  
 
Email is not appropriate for query resolution for 
two key reasons. First, emails do not facilitate 
cumulative status tracking to reveal metrics such 
as average query age or the number of pending 
queries. Second, a valuable query and its answer 
may get lost over email between two individuals.  
Query resolution over a chat session is not 
effective either. It is time consuming as it is a 
complex process that involves thinking, referring, 
investigating and typing. However chats are useful 
for a quick handshake or discussion.  
The most appropriate way for query resolution is 
to use a web based query tracking tool. Timely 
query resolution provides clarity to developers as 
well as testers. When it comes to Distributed 
Agile, timely query resolutions become very 
crucial due to the geographical spread of the team 
and the absence of onsite customer for face-to-
face interaction and query resolution. In this 
environment, there are times when team members 
start managing query resolution through emails, 
chats and telephonic communication instead of 
using a centralized query-tracking tool. First of 
all, it is valuable to use a centralized query-
tracking tool. Next, it is important to watch out for 
pending queries and resolve them on time. Else, 
the team is constrained to work with ambiguity. 
This will impact product quality .Stretched Query 
Resolution‟ is one of the root-causes of schedule 
slippage in software projects. Team members tend 
to keep certain queries pending until there is a 
status check and a defined target date to resolve 
pending queries. In addition to query tracking 
using a centralized tool, the essential part of 
recognizing this symptom can happen by means of 
interacting with individual team members to know 
about delays in query resolution and 
understanding the action orientation of email as 
well as other forms of communication. An added 
advantage of using a query tracking tool is the 
knowledge base that gets created in the project.  
E. Initiate Test Drives  

 
Frequent delivery of working code to enable 
predictability and visibility is not sufficient in 
distributed agile projects. Leads and Managers at 
every location need to test drive the product at the 
end of each major milestone. It is very effective to 
plan a day of Test Drive at every location for 
every critical milestone to evaluate the external 
quality of the product. These Test Drives will 
provide valuable inputs to the management team 
and help them get a better view of predictability 
and visibility.  
An added benefit of these Test Drives is that 
feedbacks on Test Drives will originate from all 
locations. This will keep all team members 
committed and challenged to improve product 
quality. Product demonstration happening at one 
location is not sufficient. Typically this is a demo 
where one engineer demonstrates and the rest of 
the team at that location observes. If such demos 
happen at a central location, team members across 
other locations may stay at the receiving end in 
dealing with feedbacks. Initiate and try Test 
Drives! This increases participation in 
understanding product health and collaboration in 
resolving issues.  
F. Assess Internal Quality  
Internal Quality primarily means Design Quality 
and Code Quality. Assessment of Internal Quality 
is to identify technical issues and to avoid large 
refactoring [5].  
There are two primary dimensions of Software 
Quality namely, Internal Quality and External 
Quality. External Quality is an attribute that 
relates the end-user experience. External Quality 
can be assessed and improved through defect 
prevention as well as black box testing. Issues 
related Internal Quality could pose serious 
consequences in the form of unexpected naive 
defects, technical issues and maintenance 
nightmares. Poor Internal Quality encompasses 
the root causes for issues related to External 
Quality. Thus, in order to improve Software 
Quality, Internal Quality must be improved.  
Trivial code quality issues occur due to various 
reasons such as a) introduction of new developers 
who do not understand the coding standards 
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(implicit or explicit) followed by the team, or b) 
aggressive timelines that force team members to 
do quick fixes and dirty enhancements. A well-
performing agile team produces consistent results. 
Whenever there is a change, for example 

introduction of new team members, there is a 
good chance of encountering code quality issues. 
Aligning new team members towards code quality 
is very critical.  
G. Manage Effort Variance Constructively  
 
In Agile projects effort variance can happen due to 
several reasons. Project Managers need to deal 
with effort variance constructively. It is good to 
budget for effort variance while executing 
distributed projects – especially during the initial 
stages. While dealing with effort variance it is 
required to make sure that the team is not stressed 
out or de-motivated to keep variance to 10 to 
15%. Meanwhile, any trend that shows higher 
variance need intervention in terms of 
collaborative discussions to understand the driving 
factors or issues that contribute to such variances. 
Sometimes collaborative discussions on huge 
effort variances provide opportunity for 
optimization in the form of automation of test data 
creation or provisioning of additional 
infrastructure to improve productivity. 
Constructive discussions to understand the reasons 
for effort variance can be used to increase team 
morale [6].  
H. Take Stock of User Stories for Status Checks  
Setup a core team to take stock of user stories in 
addition to performing status reviews at the end of 
iterations or Sprints. This team needs to include 
Project Managers and Project Leaders across 
locations.  
Each story has a life cycle. Define this life cycle 
based on the context of your project. For example, 
every story goes through various stages such as 
defined, coded, code reviewed, unit tested, 
integration tested, bugs reported and bugs fixed. 
Create a matrix or an excel sheet to take stock of 
all stories. At first, this is typically a day worth of 
work that delivers immense value. Subsequently 

this will require about 15 minutes of time every 
alternate week. Check if your tool can create this 
report. Status reporting based on burn down charts 
will reveal work progress in terms of efforts 
expended but will not provide any indication on 
product quality or indication in terms of 
outstanding defects per story. Taking stock of user 
stories help project managers understand the work 
progress at a broader level. Especially in case of 
large projects this approach will provide a clear 
view of stories that undergo frequent changes or 
stories that are not completed because of technical 
issues or stories that are not tested because of 
show stopper defects.  

I. Invest in Root Cause Analysis  
Implementing a standard technique for Root 
Cause Analysis (RCA) [7] is very important to the 
success of distributed agile projects. A simple 
technique such as “5 Whys‟ or use “Fishbone 
Diagram‟ can be used to do Root Cause Analysis 
[8]. Skipping RCA will lead to poor decisions that 
may jeopardize the project. For example, if there 
are several P1 defects during an initial Sprint, the 
root cause can be something other than the 
technical competency of developers. Also, if a P1 
defect is found during a demo or test drive, the 
root cause can be something other than the 
competency of test engineers. Incident based 
deductions need to consider root causes as well as 
trends for decision making. In RCAs of 
distributed agile projects it is required to involve 
all stakeholders or locations that are involved in 
critical incidents so that there is participation from 
all ends. Investing in RCA provide benefits in 
preventing underlying problems and hence 
facilitate cost savings.  
J. Compliment People to Improve Processes  
 
Appreciations motivate people to perform better. 
Appreciate on time. Ask for suggestions to 
address impediments. This will impress engineers 
to become creative and suggest process 
improvements. If there is a trend of consistent 
delays from an engineer then schedule a 
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counseling session to discuss the trend and direct 
him to tasks that require his strengths. Announce 
monthly or quarterly awards across locations to 
rope in all team members and create a charged 
environment.  
One way to appreciate is to write an appreciation 
email or express words of appreciation over a conf 
call where all team members are present. Another 
way to appreciate is to empower people with new 
roles such as “Code Quality Champion‟ or “Build 
Champion‟. It is the responsibility of the 
management team to come up with such 
innovative ideas to grow strong virtual teams. 
Engineers at disparate locations miss the 
opportunity of getting face-to-face appreciations 
from some of the key stake holders of the project. 
This fact is often forgotten by practitioners who 
are very keen to optimize execution and improve 
productivity by focusing on negative factors in the 
project. Successful managers create a rewarding 
environment by appreciating teams for job well 
done. This motivates teams to optimize execution 
and to improve productivity.  
Motivated virtual teams create the right 
environment for process improvement in the form 
of identifying areas where processes can be 
improved to save efforts. Such teams exhibit high 
level of ownership and ask the right questions to 
optimize their code, to identify reusable 
components, to automate the build process or to 
share expert tips in debugging or defect 
reproduction.  

3. CONCLUSION  
A methodology that embraces Agile Practices for 
Distributed Software Development and Testing is 
not the panacea to ensure on-time and quality 
deliverables. A great deal of conscious monitoring 
is required to exploit the benefits of Agile 
Practices especially in distributed or virtual teams. 
Critical Success Factors presented in this paper 
can be adapted to suit the context of any 
distributed agile project to deliver what the 
customer wants.  
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Abstract— The National Science Foundation (NSF) panel-

assignment problem has been posed as a single objective problem 

in literature [1].  It involves assignment of reviewers to a set of 

proposals in a panel such that the sum total of preference criteria 

for the reviewers assigned to each proposal is optimized. As an 

extension to this problem, cost of assignment of reviewers to each 

proposal is suggested as another objective to be optimized. Due to 

the drawbacks of classical multi-objective techniques [2], we use 

the archive based simulated annealing technique for solving this 

multi-objective problem. Various instances of data have been 

used to demonstrate the applicability of archive based simulated 

annealing to solve multi-objective preference-constrained 

assignment problems. 

Keywords - multiobjective optimization; panel assignment 

problem; simulated annealing; preference constraints 

I.  INTRODUCTION 

Assignment problems are those that seek the optimum 
allocation of a set of jobs (or tasks) to a set of agents (or 
resources). Such problems are encountered very often in 
nature. University time-tables, traffic routing, storage space 
allocation, job allocation and production planning & 
scheduling are some common examples of assignment 
problems. Generalized Assignment Problem (GAP) is a 
category of assignment problems where an optimum 
assignment of a set of jobs to a set of resources is to be 
determined such that each job is assigned to exactly one 
resource. The assignment is also subject to a number of 
resource constraints specified as part of the problem. Even 
though GAP has many practical applications, it does not 
consider situations where a task needs to be assigned to more 
than one resource. Such problems are categorized as Multi-
resource Generalized Assignment Problems (MRGAP). In 
MRGAP, the resources need to be efficiently distributed 
among a set of tasks subject to various resource constraints. A 
panel-assignment problem is an example of MRGAP, where 
each job in a given set requires the same number of agents for 
completion. The panel-assignment problem that we deal with 
in this paper is as used by the National Science Foundation 
(NSF). 

The NSF panel-assignment problem [1] aims to find an 
optimum assignment of a set of reviewers in a panel to a set of 
proposals to be reviewed. This problem, as posed in literature, 

is a single-objective problem. But many real-life panel-
assignment problems are multi-objective in nature. In this 
paper, we propose an extension to the NSF panel-assignment 
problem by adding another objective to be optimized, thus 
making the problem more representative of real-life situations. 
Problems with multiple objectives present unique challenges 
compared to those with a single objective. While in a single 
objective problem there is only one optimal solution (in terms 
of objective value), a multi-objective problem can have a set of 
optimal solutions, called Pareto-optimal (PO) set. All solutions 
within this set are considered to be equally optimal in the 
absence of a subjective preference attached to various 
objectives by the decision-maker. Also, because the PO set 
may consist of a large number of points, it is difficult for a 
potential solution technique to determine the complete PO set 
with realizations [3]. 

Various methods [1,4] have been proposed in the past for 
solving single-objective MRGAP. But techniques for solving 
multi-objective panel-assignment problems have been 
relatively unexplored because of the complexities discussed 
earlier. An efficient solver for these problems is of great 
significance because most problems in the real world are multi-
objective in nature. In this work, we use Simulated Annealing 
(SA) [5] for solving panel-assignment problems. Simulated 
Annealing is an attractive technique because of its applications 
in single-objective combinatorial problems. The working 
principle of Simulated Annealing is very adaptable and has 
been used for solving problems like the Travelling Salesman 
[5], Hazardous Waste Blending [6] and other discrete variable 
problems. 

In this paper, we first outline the NSF panel-assignment 
problem as described in literature [1]. We then propose an 
extension to the problem statement so as to make it a multi-
objective problem. We test the performance of SA as a solver 
for the single objective NSF panel-assignment problem. An SA 
technique known as the Archived Multi-objective Simulated 
Annealing (AMOSA) [2] is then used to solve the multi-
objective NSF panel-assignment problem and the viability of 
SA as a solver for panel-assignment problems is discussed. 
Finally, alternative suggestions about making the NSF panel-
assignment problem more representative of the problems in 
nature are made. 
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II. PROBLEM DESCRIPTION 

The NSF panel-assignment problem is a preference-
constrained problem that seeks to find an optimum assignment 
of a number of reviewers in a panel to a set of proposals. It is a 
single objective problem. The problem can be defined as 
follows. Given (i) The number of available reviewers, (ii) The 
number of proposals in the panel, (iii) The number of reviews 
needed for each proposal, (iv) A matrix of the preference 
values for each reviewer on each proposal. 

The preference values quantify how much each reviewer is 
preferred for reviewing a certain proposal, such that the lower 
the preference value of a reviewer to a proposal, the more 
preferable the assignment of that reviewer to that proposal. The 
objective is to determine an assignment of reviewers to 
proposals on the panel so as to minimize the sum of the 
preference values of the reviewers to their assigned proposals. 
This assignment is subject to several constraints which are as 
follows: (i) each reviewer should be assigned to approximately 
the same number of proposals; (ii) reviewers who have a 
„conflict of interest‟ (COI) with a proposal must not be 
assigned to that proposal; (iii) each proposal should have three 
(POS1, POS2 and POS3) or four (POS1, POS2, POS3 and 
POS4) distinct positions and each position must be filled 
exactly once by a reviewer; (iv) each reviewer should be 
assigned to each position approximately the same number of 
times; (v) the assignment of reviewers to positions should 
follow the preference values of each reviewer for a proposal so 
that the preference value of the reviewer assigned to the POS1 
position for a proposal is less than the preference value of the 
reviewer assigned to the POS2 position. Similarly, the 
preference value of the reviewer assigned to the POS2 position 
for a proposal is less than the preference value of the reviewer 
assigned to the POS3 position and the preference value of the 
reviewer assigned to the POS3 position for a proposal is less 
than the preference value of the reviewer assigned to the POS4 
position. 

For instance, consider the preference values of reviewers 
for a proposal shown in Table I. Also, assume that there are 35 
such proposals and each proposal has three positions to be 
filled (POS1, POS2 and POS3). 

TABLE I.  EXAMPLE 

 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 

Prop 1 2 0 14 6 24 10 2 3 24 

 

Total no. of positions to be filled = 35*3 = 105 

Average no. of positions assigned to a reviewer = 105/10 
               = 10.5 

Average no. of each position assigned to reviewer = 10.5/3 
                   = 3.5 

As per the constraints, each of the 10 reviewers must be 
assigned to a total of 10 or 11 proposals with 3 or 4 POS1 
positions, 3 or 4 POS2 positions and 3 or 4 POS3 positions. 
Also, R3 cannot be assigned to the proposal as there is a 
„conflict of interest‟ indicated by the number „0‟. The three 
positions (POS1, POS2, POS3) cannot be assigned to reviewers 

(R5, R1, R4) respectively because the preference value of R5 
exceeds that of R1. A feasible order of reviewers in this case is 
(R1, R5, R4). 

Multi-objective problems are more common in nature and 
are thus more representative of the real world. We propose an 
extension to the single objective problem described earlier so 
as to make it a multi-objective problem. To this single-
objective problem we propose to add the total cost of 
assignment of reviewers to proposals as another objective to be 
optimized. The following addition is made to the problem 
statement. Given a matrix of the cost of each reviewer for each 
proposal, the objective is to determine the assignments of 
reviewers to proposals so as to optimize both (i) The sum of the 
preference values of the reviewers to their assigned proposals, 
and (ii) the total cost incurred by the assignment of the 
reviewers to their assigned proposals.  

III. MULTI-OBJECTIVE SIMULATED ANNEALING 

SA derives its name from its analogy to the physical 
annealing process. At high temperatures, atomic particles of a 
substance are at higher energy states and have large vibrations. 
At lower temperatures, the vibrations are smaller. However, if 
the temperature is dropped rapidly, the energy states obtained 
are unstable. On the other hand, if the temperature is brought 
down so gradually that thermal equilibrium is reached after 
each temperature decrement, the final lattice structure at low 
temperatures are more organized and hence stable energy states 
are obtained. Analogously, in SA we simulate the vibrations as 
random perturbations of the solution vector. We start with a 
high temperature that allows the solution vector to move to a 
point with a higher objective value. The probability of 
acceptance of such uphill moves is a function of the 
temperature such that as the temperature decreases, the 
probability decreases too. So, starting at a high temperature 
serves to prevent the solution vector from getting stuck in a 
local optimum region. 

Since SA is an unconstrained technique, penalty method is 
used to ensure that the solution obtained is feasible. Four 
different types of infeasibilities are possible in the NSF panel-
assignment problem: (i) a reviewer assigned to a proposal has a 
„conflict of interest‟ with that proposal; (ii) number of 
proposals assigned to a reviewer is either more or less than the 
desired approximate number; (iii) number of distinct positions 
assigned to a reviewer is either more or less than the desired 
approximate number; (iv) the reviewers assigned to a proposal 
are not in the order of their preference values. 

Table II shows the penalty functions associated with each 
of these infeasibilities. The penalty functions shown in the 
table not only consider the number of respective infeasibilities, 
but also consider the amount of deviation from feasibility. 

One of the goals of this paper is to study the viability of 
multi-objective simulated annealing techniques (MOSAs) as a 
solver for panel-assignment problems. Various MOSAs have 
been proposed in the recent past [7-9]. For multi-objective 
problems, the use of SA has several potential advantages which 
include (i) no explicit optimization formulation is required as a 
pre-requisite for running the algorithm; (ii) unlike preference 
based methods, which require the preferences of the decision-
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maker on a priori basis or may require repeated solving, SA 
generates a PO set that is completely free of any a priori bias. 

TABLE II.  PENALTY FUNCTIONS 

In some earlier attempts [7,8] to use SA for multi-objective 
problems, the problems were converted into a series of single 
objective problems using the weighted sum approach, that were 
then solved using SA. But because the weights were assigned a 
priori, the PO set thus obtained were not diverse enough. In this 
paper, the SA technique we employ for solving the multi-
objective problems is called Archived Multi-Objective 
Simulated Annealing (AMOSA) that has been earlier proposed 
in literature. [2] 

The AMOSA technique uses an archive of mutually non-
dominated solutions initialized at the beginning of the 
algorithm. Any new solution generated through the algorithm 
is compared to the solutions in the archive. If the new solution 
is non-dominating with respect to all archived solutions or the 
new solution dominates some of the archival solutions, it is 
then incorporated into the archive. Also, the archive is 
immediately updated so as to remove the dominated solutions. 
Hence the archive is always a non-dominated set. Also, to 
prevent the archive from becoming too large, a clustering 
technique [10] is used to limit the maximum size of the 
Archive to a number chosen in advance. If run for sufficiently 
long time the archive at the termination of the algorithm should 
represent the true PO set. Another salient feature of AMOSA is 
that while computing the acceptance probability of a dominated 
generated solution, it considers the amount by which each 
archival solution dominates the new generated solution, not 
just the number of archival solutions that dominate it. We have 
used AMOSA with the following key differences. 

 The initialized archive in literature contains multiple 
non-dominated points prior to the execution of the 
algorithm. We have used an archive size of just one 
point. This is because we found that the archive size 
increased immediately as soon as the algorithm started 
as more non-dominated points were found as the 
algorithm progressed. So we posit that the initial 
archive size would not make any difference to the final 
result.  Moreover the generation of non-dominated 
solutions for an arbitrary optimization problem may 
not be trivial. 

 In literature, a clustering technique was applied to limit 
the maximum size of the archive to a predefined 

number of solutions. We have not used any such 
technique as our aim was to obtain as many pareto-
optimal points as possible to test the viability of SA. 

The flowchart shown in “Fig. 1” describes the algorithm of 
AMOSA with the modifications mentioned above. 

IV. CASE STUDIES 

Three different instances were chosen to study the 
effectiveness of SA in solving the panel-assignment problem. 
All the problems were solved using a 3.10 GHz processor and 
the programs were coded in MATLAB 6.0.0.88. The initial 
temperature is chosen as 100 while the minimum temperature 
is fixed at 10

-6
. The algorithm terminates when the temperature 

goes below the minimum temperature limit. For the sake of 
continuity with literature [1], the positions POS1, POS2, POS3 
and POS4 are hereby referred to as LEAD, SCRIBE, REV1 
and REV2 respectively. 

Example 1: The NSF panel-assignment problem described 
earlier is a single-objective problem. To check the effectiveness 
of SA in solving a single-objective panel-assignment problem, 
we choose this problem with the same specifications used in 
literature [1]. The total number of reviewers is 10; the number 
of proposals to be reviewed is 24 with each proposal to be 
assigned to exactly 3 reviewers for positions LEAD, SCRIBE 
and REV1. The preference criteria matrix for each reviewer on 
each proposal is shown in Table III. 

TABLE III.   PREFERENCE CRITERIA MATRIX FOR EXAMPLE 1 

 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 

Prop1 1 2 24 24 24 24 10 2 3 24 

Prop2 2 24 24 24 24 24 11 4 1 24 

Prop3 12 24 6 24 8 2 12 24 5 1 

Prop4 10 3 3 1 5 14 24 5 12 24 

Prop5 3 12 11 24 24 16 24 6 5 24 

Prop6 24 6 8 24 24 13 7 7 1 8 

Prop7 6 4 24 24 24 24 6 1 1 24 

Prop8 24 24 24 24 10 8 24 24 12 1 

Prop9 24 24 24 24 4 9 24 24 12 4 

Prop10 12 10 2 1 24 3 5 24 3 1 

Prop11 10 24 24 1 11 24 24 24 12 24 

Prop12 24 24 5 1 7 7 24 24 12 8 

Prop13 24 5 1 24 24 15 4 24 3 4 

Prop14 6 24 12 1 24 24 3 24 12 24 

Prop15 24 9 4 24 24 12 2 9 5 24 

Prop16 24 1 7 1 3 6 24 24 12 4 

Prop17 24 24 24 24 9 1 24 24 12 4 

Prop18 24 24 24 24 2 4 24 24 12 4 

Prop19 8 8 24 24 24 24 1 8 9 24 

Prop20 24 24 9 7 6 5 24 24 12 6 

Prop21 24 24 10 7 12 11 8 10 7 24 

Prop22 8 11 24 24 24 24 24 24 12 24 

Prop23 6 24 24 24 24 10 9 3 9 24 

Prop24 24 7 24 7 1 24 24 24 12 8 

The objective function value for the solution obtained is 
334 and satisfies all the constraints. Table IV shows the 
optimum solution obtained through SA. The objective function 
value for the manual solution obtained from literature [1] is 
342 with 6 different infeasibilities. So, SA appears to have a 
significant advantage over manual solving. However, it is to be 
noted that the solution obtained from SA is not truly optimum 
as it is also known from literature [1] that this problem has a 
true optimum objective value of 329. Another observation that 
was made during solving the problem over multiple runs is that 
the result is largely independent of penalty coefficients (P1, P2, 
P3 and P4) associated with each type of infeasibility. For 

Description 
Penalty 

Coefficient 
Penalty Function 

Conflict of 

Interest 
P1 P1 

Deviance in 

total no. of 

proposals 

assigned to a 

reviewer 

P2 P2*(absolute value of deviation) 

Deviance in 

total no. of 

positions 

assigned to a 

reviewer 

P3 P3*(absolute value of deviation) 

Deviance on 

order of 

preference 

values 

P4 
P4*(difference in preference values of the 

deviant reviewers for the proposal) 
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T = αT, i = 1 

Tmax, Tmin, iter, α, T = Tmax, ARCHIVE = initial solution, 

current = initial solution 

T >Tmin? 

i = i + 1 

i>iter? 

new = perturb(current) 

new in 

ARCHIVE? 

rand < 

prob? 

new non- dominating 

wrt current? 

current = new 

new dominates some 

points in ARCHIVE? 

current = new,                

add new to ARCHIVE, 

remove dominated points 

new non-dominated 

wrt ARCHIVE? 

current = new,                

add new to ARCHIVE 

rand < 

prob? 

new dominates some 

points in ARCHIVE? 

new non-dominated 

wrt ARCHIVE? 

current = new,                

add new to ARCHIVE, 

remove dominated points 

current = new,                

add new to ARCHIVE 

current = new 

current = closest 

point in ARCHIVE 

Preference, Cost, Initial solution 

 

START 

STOP 

current 

dominates new? 

Figure 1. Algorithm of AMOSA 

 

Tmax = maximum temperature   
Tmin = minimum temperature            
iter = no. of iterations per temperature  
i = iteration counter                
α = decrement factor (α = 0.8 – 0.95)    
perturb = generator function        
rand = random number (0<rand<1)  
prob = acceptance probability 
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instance, while P1 was fixed at a high value of 100000 to 
prevent any „conflict of interest‟, various penalty coefficient 
values ranging from 10-5000 were used for (P2, P3 and P4) for 
solving the problem, but the results thus obtained were always 
feasible and the objective values were found to be in the 334-
338 range irrespective of the order of magnitude of the penalty 
coefficients as shown in Table V. It must be noted, however, 
that as the penalty coefficients were reduced too much, the 
algorithm was unable to remove all infeasibilities even as the 
objective function value decreased drastically to 328. The 
algorithm was executed on the same problem 10 times and the 
result shown is the best solution obtained in those trials. 

TABLE IV.  SOLUTION OBTAINED FROM SA FOR EXAMPLE 1 

 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 

Prop1 L R      S   

Prop2 S       R L  

Prop3   R   S    L 

Prop4  L S  R      

Prop5 L       R S  

Prop6  S R      L  

Prop7  R      L S  

Prop8     R S    L 

Prop9     S R    L 

Prop10   L   S R    

Prop11 S   L     R  

Prop12   S L  R     

Prop13   L    S   R 

Prop14 R   L   S    

Prop15   S    L R   

Prop16  L  S      R 

Prop17     R L    S 

Prop18     L R    S 

Prop19 R      L S   

Prop20    R S L     

Prop21    S   R  L  

Prop22 L S       R  

Prop23 S      R L   

Prop24  S  R L      

LEAD 3 2 2 3 2 2 2 2 3 3 

SCRIBE 3 3 3 2 2 3 2 2 2 2 

REV1 2 2 2 2 3 3 3 3 2 2 

TOTAL 8 7 7 7 7 8 7 7 7 7 

TABLE V.  VARIATION IN OBJECTIVE VALUES WITH PENALTY 

COEFFICIENTS 

Description Case1 Case2 Case3 Case4 Case 5 

P1 100000 100000 100000 100000 1000000 

P2 5000 1000 100 15 8 

P3 2000 500 50 10 5 

P4 1000 100 20 8 3 

Objective value 338 338 336 334 328 

Infeasibilities 0 0 0 0 5 

Example 2: In Example 1, we tested the performance of 
SA as a solver for single objective panel-assignment problems. 
Now we choose a multi-objective problem and test the viability 
of AMOSA for solving such problems. To the problem in 
Example 1, the total cost of assignment of the reviewers to the 
proposals is added as another objective to be minimized. The 
matrix of the cost each reviewer would charge to review each 
proposal is shown in Table VI. This cost matrix was chosen at 
random for this problem. “Fig. 2” shows the Pareto-front 
distribution for Example 2 obtained through AMOSA. It must 
be noted that the penalty function described earlier is applied to 
both the objectives. The objective values plotted in the figure 
include the penalty values. 

TABLE VI.   COST MATRIX FOR EXAMPLE 2. 

 R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 

Prop1 20 11 13 19 13 14 11 17 10 20 

Prop2 12 12 12 16 15 13 12 17 10 17 

Prop3 16 12 12 14 10 19 16 10 17 19 

Prop4 15 16 17 17 20 10 16 14 12 10 

Prop5 19 12 13 16 16 18 14 14 19 11 

Prop6 18 12 16 14 14 20 16 13 11 19 

Prop7 15 10 11 17 15 20 14 11 11 14 

Prop8 10 18 17 16 13 18 10 17 20 19 

Prop9 19 14 14 18 14 14 10 17 14 18 

Prop10 14 20 19 20 12 15 13 18 13 17 

Prop11 16 15 19 15 16 12 10 15 13 13 

Prop12 18 14 16 19 18 17 14 16 14 11 

Prop13 20 19 15 11 15 13 17 11 14 11 

Prop14 18 15 19 20 17 20 11 14 16 12 

Prop15 11 12 19 12 12 17 10 17 11 14 

Prop16 14 17 17 12 14 14 16 19 10 19 

Prop17 20 19 18 19 18 18 16 13 18 18 

Prop18 20 10 17 18 17 12 10 12 19 18 

Prop19 14 17 13 11 15 14 10 19 20 15 

Prop20 19 14 13 10 16 20 12 12 12 15 

Prop21 10 19 13 19 18 17 16 18 11 14 

Prop22 13 15 15 12 10 12 10 19 19 14 

Prop23 18 17 17 13 16 19 14 12 12 19 

Prop24 10 14 13 17 10 16 16 12 17 10 

The following observations were made about the result: (i) 
the plot shown consists of 60 points along the Pareto-front. 
Only one of these points (highlighted as a dark circle in the 
plot) contains an infeasibility. This indicates that the algorithm 
had a high rate of success in removing infeasibilities. (ii) A 
total of 106 different solutions were obtained with multiple 
solutions corresponding to the some points on the Pareto-front 
were obtained. (iii) The distribution of the points is largely 
even throughout the region. 

These observations indicate that archive-based SA is a 
viable technique for solving multi-objective panel assignment 
problems. 

 

                               Figure 2. Pareto Front for Example 2. 

Example 3: The third problem is also taken from literature 
and is originally a single-objective problem. The preference 
matrix in this problem ensures that there is a built-in 
infeasibility, i.e. there is no feasible solution. The total number 
of reviewers is 5; the number of proposals to be reviewed is 10 
with each proposal to be assigned to exactly 4 reviewers for 
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positions LEAD, SCRIBE, REV1 and REV2. The preference 
criteria matrix for each reviewer on each proposal is shown in 
Table VII. As in the case of Example 2, this problem too is 
extended to a multi-objective problem by defining the total cost 
of assigning reviewers to proposals as another objective to be 
optimized in addition to the total sum of the preference values 
of the reviewers assigned to the proposals. The cost matrix 
shown in Table VIII was chosen at random. 

TABLE VII.  PREFERENCE CRITERIA MATRIX FOR EXAMPLE 3 

 R1 R2 R3 R4 R5 

Prop1 3 1 10 3 10 

Prop2 6 2 9 6 1 

Prop3 4 3 8 4 4 

Prop4 10 4 7 8 6 

Prop5 1 5 6 1 2 

Prop6 2 6 5 2 3 

Prop7 8 7 4 8 5 

Prop8 5 8 3 5 10 

Prop9 10 9 2 8 7 

Prop10 3 10 1 3 10 

TABLE VIII.  COST MATRIX FOR PROBLEM 3 

 R1 R2 R3 R4 R5 

Cost1 5 5 3 1 10 

Cost2 5 6 10 8 4 

Cost3 3 10 3 4 6 

Cost4 9 7 3 10 8 

Cost5 7 6 8 5 9 

Cost6 8 5 2 4 7 

Cost7 6 1 10 7 1 

Cost8 7 8 3 10 5 

Cost9 10 6 6 9 1 

Cost10 3 3 3 4 9 

TABLE IX.  SOLUTION OBTAINED FROM SA FOR EXAMPLE 3. 

 rev1 rev2 rev3 rev4 rev5 

Prop1 R1 L  S R2 

Prop2 R1 S R2  L 

Prop3 R2 S  L R1 

Prop4  L R1 R2 S 

Prop5 S  R2 L R1 

Prop6 L R2 R1 S  

Prop7  R1 S R2 L 

Prop8 S R2 L R1  

Prop9 R2 R1 L  S 

Prop10 L  S R1 R2 

LEAD 2 2 2 2 2 

SCRIBE 2 2 2 2 2 

REV1 2 2 2 2 2 

REV2 2 2 2 2 2 

TOTAL 8 8 8 8 8 

        The algorithm was executed for 10 trials and the trial with 
the maximum number of points on the Pareto-front is discussed 
here. “Fig. 3” shows the Pareto-front distribution for Example 
3. The objective values plotted in the figure are the true 
objective values and do not include the penalty values. The 
following key observations were made about the result: (i) the 
plot shown consists of 5 points along the Pareto-front. As there 
are no feasible solutions, the PO set contains solutions with 3 
infeasibilities which is the smallest possible number of 
infeasibilities for this problem; (ii) 33 different assignments 
that represent the 5 distinct points on the Pareto-front were 
obtained. 

V. CONCLUSION 

In this article, we have considered an enhanced NSF panel 
assignment problem that includes cost of resource as an 
additional objective and thereby making it a multi-objective 

panel assignment problem. This multi-objective optimization is 
solved using an archive based simulated annealing approach as 
it does not require any a priori information. The robustness of 
this approach was studied on several instances of data set. It 
was observed that this approach was able to determine majority 
of the points on Pareto front in limited number of temperature 
decrements. By considering the cost of resource as an 
additional objective, this strategy can now be used to handle 
realistic preference-constrained assignment problems as 
suggested in literature. Further improvements of panel 
assignment can consider the amount of time required by   
reviewers to review various proposals. Possible future 
extensions of this work can include a comparative study of 
evolutionary algorithms with the archived simulated annealing 
approach used in this article.  

 

Figure 3. Pareto Front for Case 3 
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ABSTRACT 
 

Software Quality plays a very important role to in software engineering. It is used as a tool to increase the 

customer satisfaction and to decrease cost of quality. A number of well known quality models are used to 

build quality software. All of these models use parameters such as: quality factors (QF) or metrics to 

measure the quality of software. Sometimes due to uncertain and incomplete data about theses parameters it 

is not possible to calculate them exactly. On the other hand also these models cannot predict software quality 

before calculate all of quality metrics and factors. Certainty factor (CF) is a method to deal with uncertain 

and incomplete data in rule based system. In this paper, we proposed a CF based model for measuring 

software quality in ISO9126 quality model. This new model can predict software quality with incomplete 

and uncertain data. Also by this model we can reduce time and cost of calculating software quality. 

Keywords: Software quality model; quality factor; certainty factor, ISO9126 model 

 

1. Introduction 
 

Software Quality model plays very important roles in software engineering such as: in improving the 

performance of a software quality, increasing software satisfaction and decreasing the cost of calculation of 

software quality. A number of well known quality models are used to build quality software such as: McCall 

Model, Boehm Model, Dromey Model, FURPS Model, ISO 9126 (Sadana 2006). All of these models use 

parameters such as: quality factors (QF) or metrics to measure the quality of software. But it is impossible to 

compute all of quality factor in different software for some reasons quality (Motameni et al. 2010). 

 Some of quality factor (in different software) can't be computed 
 Sometimes cost of compute all of quality factors are very high 
 We need long time for compute all of quality factors 
 In some cases we need to a lot of people (user, quality manager, member of quality assurance's team) to 

compute quality factors 
 
Some other researchers have also deal with uncertainty in quality factor and matrices. Motameni et al. 

(2010) proposed a model for software quality with BNs and ISO9126 quality model. There model doesn't have 
last quality model's problems and can predict software quality with incomplete and uncertain data. Also by this 
model the time and cost of calculating software quality is reduced.  

Although number of quality models (Sadana 2006) and methods for calculating QF (Rawashdeh and 
Matalkah 2006; Dromey, 1995; Khosravi and Gu´eh´eneuc 2006; Sibisi, 2007) are available but most of these 
methods do not deal with uncertainty. And some of the methods that deal with uncertainty have other drawbacks 
such as: take more computational overhead for calculating prior and conditional probabilities and difficulties to 
access subjective probability form expert (Heckerman et al. 1992).  
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In this paper, we proposed a CF based model for measuring software quality in ISO9126 quality model. 

This new model can predict software quality with incomplete and uncertain data. Also by this model we can 

reduce time and cost of calculating software quality.  

The organization of paper is as follows: Section 2 deals with problem definition. Section 3 describes 

rule base model. Section 4 describes the cumulative confidence factor. Section 5 deals with result and 

conclusions are drawn in section 6.  

2. ISO9126 Quality Model's 
 

The ISO 9126 depends upon six characteristics: functionality, reliability, usability, efficiency, maintainability 

and portability. Functionality depends upon, security, accuracy, interoperability and Suitability. Reliability 

depends upon maturity, recoverability and fault-tolerance. Usability depends upon learnability, operability, 

understandability and attractiveness. Efficiency depends upon time behavior and resource utilization. 

Maintainability depends upon analyzability, changeability, stability, testability and compliance. Portability 

depends upon adaptability, installability, coexistence and replace-ability. The hierarchal structure of ISO 9126 

model is shown in Fig1.  

3. RULE BASE 
 

The characteristics (evidences) ISO9126 models are shown in one graph (Fig 1) which is composed of basic 
characteristics (evidences terminal node in graph) and nodes (non terminal nodes). Each non terminal node 
corresponds to a rule in the rule-base. The If (condition) of a rule relates characteristics by means of the logical 
operators (and). These characteristics are the branches that arrive to a node, that is, the evidences and the result 
of previous nodes. The system works with certainty factors (CF) which are equivalent to values associated to 
nodes and evidences represented on the graph. When a condition is satisfied, a resulting CCF is obtained from 
the CF of each entry parameter. The value attained to a node represent the maximum CCF that may be achieve 
by this node, that is, when all parameters are satisfied in a particular disease. The final result is obtained by the 
execution of all the pertinent rules. The rules build from hierarchical model are given below: 
 
Rule1. IF Security(z1) & Accuracy(z2) & Interoperability(z3) & Suitability(z4) THEN Functionality(z5). 

Rule2. IF Maturity(z1) & Fault-tolerance(z2) & Recoverability(z3) THEN Reliability(z4). 

Rule3. IF Understandability(z1) & Learnability(z2) & Operability(z3) & Attractiveness(z4) THEN 
Usability(z5). 

Rule4. IF Timebehavior(z1) & Resource utilization(z2) THEN Efficiency (z3). 

Rule5. IF Analyzability(z1) & Changeability(z2) & Stability(z3) & Testability(z4) & Compliance(z5) THEN 
Maintainability(z6). 

Rule6. IF Adaptability(z1) & Installability(z2) & Coexistence(z3) & Replaceability(z4) THEN Portability(z5). 

Rule7. IF Functionality(z1) & Reliability(z2) & Usability(z3) & Efficiency(z4) & Maintainability(z5) & 
Portability(z6) THEN Quality factor(z7). 

The value given in bracket in left hand sides is the certainty factor of the corresponding parameters whereas the 
value given in bracket in right hand sides is the certainty factor of the rule. 

4. CERTAINITY FACTOR 
 

The certainty-factor (CF) model is a method for managing uncertainty in rule-based systems which is developed 

by Shortliffe and Buchanan (1975).  The formula is as follows: 

MB(h, e1 & e2) =MB(h, e1) + MB(h,e2) * (1-MB (h, e1)……………(1) 
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MD(h, e1 & e2) =MD(h, e1) + MD(h,e2) * (1-MB (h, e1)……………(2) 

MD(h, e1 & e2) = 0 , IF MB(h, e1 & e2) = 1 i.e. all the evidences (e1 &e2) approves the hypothesis (h). 
CCF= MB(h, e1 & e2) + MD(h, e1 & e2)                        ……………..(3) 

Where MB is Measure of Belief and MD is measure of disbelief and CCF id is Cumulative Certainty Factor. 

5. RESULT 
In the hierarchal tree shown in figure 1, we assume that the Quality factor equally depends upon functionality, 

reliability, efficiency, maintainability therefore equal weights1/5 is assigned to each parameter. For different 

organization the weight is different for different parameters.  

In the hierarchal tree (Figure 1) the evidence in the support of level one i.e. functionalities are e1: 

suitability(z1=0.7), e2:accuracy(z2=0.5), e3:interoperability(z3=0.9) and e4:security(z4=0.6). Where z1, z2, z3 

and z4 are CF. Therefore the CCF for rule 1 is calculated as follows. 

For e2 

MB=0.7 + 0.5 (1-0.7) =0.85, MD=0.0 

CCF= 0.85  

For e3 

MB=0.85 + 0.9 (1-0.85) =0.985, MD=0.0 

CCF= 0.985 

For e4 

MB=0.985 + 0.6 (1-0.985) =0.994, MD=0.0 

CCF= 0.994, Therefore CCF corresponding to functionality is 0.994. 

Similarly, CCF for reliability (with Rule 2) when evidences e1: maturity(z1=0.5), e2: Fault-tolerance(z2=0.6) 

and e3: recoverability(z3=0.8) is 0.96 

CCF for usability (with Rule3) e1:understandability (z1=0.9), e2:learnability(z2=0.5), e3:operability(z3=0.7), 
and e4:aAttractiveness(z4=0.6) is 0.994 

CCF for efficiency (with Rule4) e1: timebehavior(z1=0.8) and e2:resource utilization(z2=0.6) is 0.92 

CCF for maintainability (with Rule5) e1:analyzability(z1=0.7), e2;changeability(z2=0.8), e3:stability(z3=0.8), 
e4:testability(z4=0.7) and e5: Compliance(z5=0.7) is 0.99892 

CCF for portability (with Rule6) e1:adaptability(z1=0.9), e2:installability(z2=0.5), e3:Coexistence(z3=0.4) and 
e4:replaceability(z4=0.8) is 0.994 

CCF for Quality factor (with Rule7) e1:functionality(z1 =0.994, w=1/5 therefore w*z1= 0.1988), 
e2:Reliability(z2 = 0.96, w=1/5 therefore w*z1= 0.192), e3: Usability(z3= 0.994, w=1/5 therefore w*z1= 
0.1988), e4: Efficiency(z4=0.92, w=1/5 therefore w*z1= 0.184), e5: Maintainability(z5=0.99892, w=1/5 
therefore w*z1= 0.1997) and e6:  Portability(z6=0.994, w=1/5 therefore w*z1= 0.1988). Therefore the CCF of 
Quality factor is 0.7287. The node wise computation of CCF in hierarchal tree is shown in Fig2. 

 This method can predict software quality with few evidences. This will reduce cost and time overhead 
and we can take suitable decision to increase software quality before project will be ended.  
One of best advantage of this method is that we can view cumulative affect of one or more quality factors or 
metrics on software quality. This ability helps us to make a suitable decision among the project to increasing 
software quality 
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Fig 2  Computation of CCF of quality factor for ISO model 
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6. CONCLUSION 
 

In this paper we, proposed a new method to compute the quality of factor of software. Although many methods and 

models are available to compute the software quality but none of them deals with uncertain and incomplete data. There is 

lot of uncertainty lies in computing quality factor due to following reason: some of quality factor can't be computed, time 

and cost of computing all of quality factors are very high, assist lot of people such as: user, quality manager, member of 

quality assurance's team are  required to compute quality factors. 

In the proposed method, we can predict the software quality even few evidences are given. This will reduce cost 
and time overhead and we can take suitable decision to increase software quality before project will be ended. One of 
best advantage of this method is that we can view cumulative effect of one or more quality factors or metrics on software 
quality. This ability helps us to make a suitable decision among the project to increasing software quality. 

 
A new method for Computing Software Quality using Certainty Factor (Figure) 

 

 

 

 

 

 

 

 

 

 

 

Fig 1 Hierarchal model of ISO 9126 of Software Quality mode
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Abstract- This paper  presents the comparative analysis 

of different Data Mining Classification techniques for 

predicting faulty and not-faulty classes of object-oriented 

system. The findings have been analyzed using Area 

UnderCurve(AUC)values. This information can be used 

by software developers to enhance the quality of a system. 

We have used WEKA tool for finding and analysis of our 

result. 
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1. INTRODUCTION 

Quality can be measured in terms of faults. It is a 

paramount need for users or customers as well as for 

software developers also. Failure is a consequence of 

faults and errors respectively [1]. It will be a clarion 

call to resolve the faults occurred in any software 

organization to reduce the maintenance cost. Defect 

proneness, reusability and maintainability are the 

external key quality factors of any software system. 

Software quality may be improved by allocating 

more resources on fault prone module [5]. It will be a 

crucial task to benchmark, available fault prediction 

modules under different conditions on public data 

sets, because some of these proposed modules 

revealed to be unsuccessful during evaluation on 

public data sets. According to Fenton and Pfleeger in 

1997, defective software module causes software 

failures, also with increment in development and 

maintenance cost whereas decrement in customer 

satisfaction.  

 

Object- oriented software development technique has  

now become defacto standard for software 

developing organizations.   

 

Data Mining is rapidly becoming the most popular 

technique in academia and also in the commercial are 

of managing and utilizing respective company data 

resources. The key objective of the data mining is to 

detect interpret and predict qualitative as well as 

quantitative patterns in data which will lead to 

increase level of information and also enhance the 

knowledge. It is seen in the recent years that data 

mining techniques are useful for predicting fault 

proneness of a system by classification approach. For 

any financial organization like a banking system, the 

potential cost of even a minor software error could be 

enormous, and defective software module may cause 

partial or complete failure of the system. So it is our 

prime concern to predict the faults by data 

classification and to enhance the accuracy and 

performance of the system. 

 

Fault free software system has become a paramount 

need of the academia, researchers and industry 

professionals from so many decades. 

 

In this paper we have taken an object-oriented 

software system for analysis named jEdit (an open 

source dataset) developed in JAVA having 275 

instances and 9 attributes. Here we have delineated 

the performance measure of an object oriented 

software system in terms of AUC (Area under 

receiver operating characteristic curve) values and 

also with confusion matrix which will provide an 

omniscient view and it is also helpful to predict the 

binary operation(TRUE/FALSE) of an event in terms 

of faulty and non-faulty classes. We have used 

WEKA tool for our analysis which contains a 

comprehensive set of useful algorithms for panoply 

of data mining tasks. 

 

Rest of the paper is organized as follows: Section 2 

describes about the work done by the researchers as 
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background. Multiple classification techniques have 

been shown in section 3.The overall research 

objective is visualized in section 4. Experimental set-

up followed by description of the system study, 

dependent and independent variables, data analysis 

procedure, best overall completeness, best faulty 

module completeness and best faulty module 

correctness have been explained in section 5. Section 

6 demonstrates results and discussion. Conclusion 

and future work is provided in section 7. 

 

2. Background 

 
In the area of software quality prediction many 

studies have been carried out by software developers 

and academia researchers in last few decades. For 

quality prediction their have been used so many 

software fault prediction techniques like Decision 

Tree[8],Bayesian Method[9],Neural Network[10], 

Support Vector Machine[11],Naïve Bayes [12] and 

its applications  also. Here the main focus in this 

section is on classification through Decision tree, 

Naïve bayes and also some more techniques 

described below. 

 

Cagatay Catal et al. [1] have focused on high 

performance fault predictors based on machine 

learning algorithms such as Random Forest and 

Artificial Immune systems etc. They have also used 

NASA public data set KC1, KC2, PC1, CM1 and 

JM1 to make their predictive model repeatable and 

verifiable. Here authors have investigated the effect 

of dataset size, metric set and feature selection 

techniques for software fault prediction problems.  

Jr-Shian Chen et al. [2] have proposed a modified 

minimize entropy principle approach and developed a 

modified MEPA system for data partitioning and then 

designed classification tree model. They have also 

used KC2 and JM1 two NASA data sets for 

verification of their proposed model. 

 

Recently in 2011 Barak Aviad et al. [3] have 

proposed and evaluated a new technique to define 

decision tree based on cluster analysis. Authors have 

applied two real life data sets, one is preliminary 

evaluation of candidates and another one is candidate 

training success on their proposed model and found 

that the decision rules obtained by the model are at 

least as good as those obtained by conventional 

decision tree.   

 

Bhekisipho Twala have predicted software faults by 

using multiple classifiers applied on two publicly 

available NASA datasets named JM1 and PC1.In this 

paper the author have compared the performance 

measures of different machine learning techniques 

like Association Rule, Decision Tree, K-mean 

Clustering ,Naïve Bayes classifiers and Support 

Vector machines. The performance of above 

mentioned techniques have been shown in terms of 

accuracy rate and finally author has concluded that 

Naïve Bayes classifier is having maximum accuracy 

and minimum error rate in comparison to others [6].  

 

Esra Mahsereci Karabulut et al. [8] have described 

the effect of feature selection on accuracy of 

Artificial Neural Network as Multi Layer Perceptron 

(MLP), Decision Tree algorithm J48 and also 

compared with fifteen real life datasets. Authors have 

also observed that MLP is most affected classifier 

than others. 

 

3. Classification Techniques 

 
In this section we have explained different commonly 

used classification techniques which we have also 

analyzed during our experiment.  

 

3.1 Decision Tree: 

It is a sketched view like flow chart having one root 

node, some internal nodes, branches and terminal 

nodes. Internal nodes represent attributes, branches 

represent the possible values that the attribute can 

have and terminal node describe the classification 

result.   

 

3.1.1 J48 Algorithm:  

J48 is the enhanced version of C4.5 decision tree 

learning approach. It is developed by John Ross 

Quinlan, which is based on iterative dichtomiser 

(ID3) algorithm [10]. In J48 divide- and-conquer 

method is applied to split a root node into a subset of 

two partitions till target node(leaf node)  occurs in 

tree. Let us assume T is the total set of instances. 

Then we will follow the procedure to construct a tree  

 

3.1.2 LMT (Logistic Model Tree): 

 

Logistic Model Tree [11] is similar to tree of C4.5 

approach where an iterative training of additive 

logistic regression model used. Parent nodes are 

passed to the child node at each split of logistic 

regression. The final model in the leaf nodes 

accumulates all parent models and creates probability 

estimates for each class. After growing the whole tree 

pruning was applied to simplify the model and to 

increase the generalization capability. 

 

3.1.3 Random Forest: 

 

This algorithm was initially developed by Leo 

Breiman [12], Department of statistics, University of 
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California, Berkeley. It is a method by which one can 

calculate accuracy rate in better way [13]. 

 

3.1.4 Random Tree: 

 

It is a combination of Machine Learning single  

module tree and Random Forest method. Model tree 

are decision trees where every single leaf node holds 

a linear model which is optimized for the local 

subspace described by this leafe node [14]. 

 

3.1.5 Naïve Bayes Algorithm: 

 

It is a probabilistic classifier based on Bayes theorem 

and it has strong independent assumptions. Naive 

Bayes  assumes that the existence of a class’s features 

does not depend on the existence of the other 

features. 

In comparison to other algorithms it requires a 

smaller data quantity to estimate the parameters. It is 

a well known machine learning algorithm [12]. 

 

4. Research Objective 

 
Data Mining technique have become very popular 

now a day’s in software development environment. 

Our research objective is to predict the faulty and non 

faulty modules by applying different classification 

techniques on an open source data set named jEDIT. 

Fault proneness have found here in terms of 

AUC(Area Under Receiver operating characteristics  

Curve) values, by delineating the confusion matrix 

for each of the techniques involved separately. 

 

5. Experimental Set-Up 

 
5.1 Description of the System study: 

In this system, we have used a Promise Software 

Engineering Repository data set of project jEdit 

which is available at 

http://sourceforge.net/project/jedit/ . This project data 

set contains 275 instances as well as 9 attributes as 

WMC, DIT, NOC, CBO, RFC, LCOM, NPM and 

LOC. 

 

5.2 Dependent and Independent Variables: 

 

The dependent variable bug-count shows the 

presence or absence of bug in the class. The 

independent variables used in this study are WMC, 

DIT, NOC, CBO, RFC, LCOM, NPM and LOC. 

These dependent and independent variables described 

as follows: 

i)Bug-Count: It indicates faulty or non faulty classes 

of object-oriented systems. 

ii)WMC: It assesses complexity of a class through 

aggregation of complexity measures of its 

methods.[16]. 

iii)DIT: It provides the depth of a class 

hierarchy[16]. It also provide the potential of reuse of 

the class and its probable ease of maintenance. 

iv)NOC: It provides the number of immediate classes 

associated with a given class. 

v)RFC: It is defined as a count of the set of methods 

that can be potentially executed in response to a 

message received by an instance of the class[16]. 

vi)LCOM: It provides the difference between the 

number of methods whose similarity is NULL and 

the number of methods whose similarity is not 

NULL. 

vii)NPM: It provides the total number of methods 

publically available of a class. 

viii)LOC: It shows the total no of lines of code of the 

system.  

 

5.3 Data Analysis Procedure: 

The data analysis procedure is mentioned as under 

which is elaborating the working of our experiment. 

a)   Confusion Matrix: Confusion matrix is a table 

of rows and columns in which rows represent the 

actual classes and columns represent the predicted 

classes. It is also called coincidence matrix. We use 

this matrix for performance evaluation of different 

classification techniques. 

b) Conclusion Validity: The prime focus of 

conclusion validity is concerned with the statistical 

relationship between the treatment and the outcome. 

Threats to conclusion validity are key issues that 

affect the ability to sketch the correct inferences [17].   

We introduced the following four criterion 

(Goodness of fit) to evaluate the result of prediction. 

  

5.3.1 Best overall completeness 

 

It is defined as the proportion of modules (classes) 

that are classified correctly [18]: 

 

Overall Completeness= (CPFM+CPNFM)/M 

 

Where, CPFM is number of correctly predicted faulty 

modules, CPNFM is the number of correctly 

predicted non-faulty modules and M is the total 

number of modules. The ability of modules to 

correctly classify the target software modules 

(classes), regardless of the category in which the 

model has been classified is the measurement by this 

parameter.  

 

5.3.2 Best Faulty Module (Class) Completeness  
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Faulty module completeness is defined as the 

proportion of faulty modules that are correctly 

classified as faulty module by the model[18]. 

 

Faulty module Completeness=CPFM/FM 

 

where CPFM is the number of correctly predicted 

faulty modules and FM is the total number of actual 

faulty modules. The ability of the models to identify 

the most fault-prone part (class) of the target software 

can be measured by this method. 

 

5.3.3 Best Faulty Module (Class) Correctness 

 

Faulty module (class) correctness is defined as the 

proportion of faulty modules (classes) within the set 

of modules that are classified as faulty by the model. 

 

Faulty module correctness=CPFM/PFM  

 

where CPFM is the number correctly predicted faulty 

modules(Classes).By this method Efficiency can be 

measured of a model ,in terms of the percentage of 

actually faulty modules among  the ones that are 

candidates for further verification. 

 

5.3.4 AUC Metric 

 

ROC (Receiver operating Characteristics) curve is 

commonly used to measure the performance of 

classifier techniques in case of imbalanced classes. 

 Generally AUC (Area under receiver operating 

characteristics) is used for single numeric 

measurement to predict the potential of a classifier. 

Commonly a higher AUC is better. It also indicates 

that the used classifier within whole possible range of 

decision threshold has a higher sensitivity or true 

positive rate. It is found that higher the AUC value, 

the better is the performance 

 

6. Result & Discussion 

 
We have evaluated the performance of the different   

classification techniques for predicting faulty and  

not-faulty classes of object-oriented systems on the 

basis of the criterion discussed in section 5.3. 

We have used WEKA [19] data mining tool and 10 

fold cross validation splits since Henery (1994) has 

suggested that one can consider 10 fold cross-

validation for data sets with fewer than 1000 

instances. 

I) Table 1 shows the obtained fault prone class   

prediction  mode by classifier J48. In this table  93 

classes are predicted to be faulty and which are 

actually faulty, 38 classes predicted as faulty but 

really they are not-faulty. The overall 

completeness, faulty, not-faulty are respectively 

71.17,69.40 and 72.86.  

II) Table 2 depicts  the overall completeness, faulty,  

     not-faulty of LMT as respectively 71.53,72.39     

     and 70.71 

III) Table 3 focus the overall completeness, faulty,  

not-faulty of Random Forest as respectively 

71.94,78.36 and 65.97. 

IV) Table 4 depicts  the overall completeness, faulty,  

not-faulty of Random Tree as respectively 

69.34,67.91 and 70.71. 

V) Table 5 Shows the overall completeness, faulty,  

not-faulty of Naïve Bayes as respectively  

69.34,50.75 and 87.14. 

VI) It is found from the experimental result shown in  

Table 6 and figure 1 that Random Forest  method 

of classification is having much AUC values, 

which also indicates its sensitivity or true positive 

rate. 
 

Table 1: Fault prediction in confusion matrix (J48)  

 

 

Table 2: Fault prediction in confusion matrix (LMT)  

 

 

Table 3: Fault prediction in confusion matrix (Random Forest) 

 

 

Table 4 : Fault prediction in confusion matrix (Random Tree) 

 

 

 

Prediction 

J48 

Predicted 

Faulty Non-

Faulty 

Total Prediction 

% 

Actual Faulty 93 41 134 69.40 

Non-

Faulty 

38 102 140 72.86 

Overall Completeness 274 71.17 

 

Prediction 

LMT 

Predicted 

Faulty Non-

Faulty 

Total Prediction 

% 

Actual Faulty 97 37 134 72.39 

Non-

Faulty 

41 99 140 70.71 

Overall Completeness 274 71.53 

 

Prediction 

Random Forest 

Predicted 

Faulty Non-

Faulty 

Total Prediction 

% 

Actual Faulty 105 29 134 78.36 

Non-
Faulty 

45 95 144 65.97 

Overall Completeness 278 71.94 

 

Prediction 

Random Tree 

Predicted 

Faulty Non-

Faulty 

Total Prediction 

% 

Actual Faulty 91 43 134 67.91 

Non-

Faulty 

41 99 140 70.71 

Overall Completeness 274 69.34 
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Table 5: Fault prediction in confusion matrix (Naïve Bayes)  

 

 

Table 6: AUC values of Different Classification Techniques 

 

 
 

Figure 1. AUC values of the different classification techniques 

 

7.  Conclusion & Future Work 

 
In this study we have focused on high-performance 

fault predictors based on machine learning, such as 

J48, Random Forest, Random Tree, Logistic 

Modeling Tree and Naïve Bayes. Investigating AUC 

(Area under receiver operating characteristic curve) 

values we have concluded that Random Forest 

classifier having AUC 0.795 which is greater from 

J48(AUC-0.718), LMT(AUC-0.748), Random Tree 

(AUC-0.693)and Naïve Byes (AUC-0.725) is having 

better performance and hence the quality of any 

object-oriented system may increase by using this 

technique.  

In this study our analysis is based on only one data 

set (jEdit), this study may be replicated on different 

data sets to generalize our findings. This paper also 

provides some guide lines to the software developer 

team leader to focus their testing effort on fault prone 

modules in order to improve the quality of the 

software system. 
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Abstract— Constraint Programming (CP) is a smart enumeration 

based artificial intelligence technique that is being increasingly 

used for solving combinatorial optimization problems.  In this 

article, we compare the performance of IBM ILOG CPLEX 

Optimization Studio (proprietary software), with ECLiPSe (open 

source, freely available software for commercial use), on nine 

instances arising from two non-linear, combinatorial 

optimization problems that have been reported in literature.  

This work is intended to benefit users in making an informed 

decision while selecting the appropriate software with possibly 

limited monetary resources 

Keywords – constraint programming; combinatorial 

optimization; IBM ILOG CPLEX Optimization Studio; ECLiPsE; 

nonlinear optimization 

I.  INTRODUCTION 

Constraint Programming (CP) is an Artificial Intelligence 
technique designed to solve Constraint Satisfaction Problems 
(CSPs) and has contributions from many fields including 
Programming Languages and Symbolic Computing. 
Subsequently, CP has been modified to solve optimization 
problems and finds application in diverse fields including 
Assignment Problems, Network Problems, Production 
Planning/Scheduling, Transport Problems, Personnel 
Allocation, Design of Digital Signal Processing Hardware, 
Portfolio Management system, Database Query Optimization, 
and Military Command & Control [1]. CP also has been 
recognized as an important technique that will find increasing 
use in the field of Operations Research [2, 3]. In addition to 
various other research efforts on CP, its integration with the 
conventional mathematical programming techniques is also 
being actively pursued to harness the advantages of both the 
techniques. 

CP solves optimization problems by converting them into a 
CSP with an “additional constraint” that evaluates the objective 
function value using the decision variables. With the discovery 
of every feasible solution, a constraint is enforced so as to 
ensure that the future solutions of the CSP are better than the 
current best solution. Thus CP continually tries to improve the 
current best solution till it reaches the globally optimal 
solution. CP relies primarily on constraint propagation to 
reduce the domain of the decision variables to singleton. In the 

absence of any reduction in the domain by constraint 
propagation, CP resorts to making a “choice point” to progress 
in the search for optimal solution. If infeasibility is detected 
with a particular choice point, the choice point is said to have 
led to a “failure” and the choice point is revised till the entire 
search space is “intelligently” explored. A detailed description 
of the working of CP can be obtained from literature [1-4].  

The benefits of CP include its expressive modeling power, 
ability to determine globally optimal solutions without 
evaluating the function gradients, ability to determine value 
added solutions, ability to handle multi-objective optimization 
problems without any a priori information, and handling “soft” 
constraints/objectives. Unlike mathematical programming, the 
basic version of CP does not include determination of bound on 
the objective function and this can often lead to instances 
wherein the confirmation of optimality requires substantial 
computational effort.  

In most instances, application developers including 
academicians depend substantially on readily deployable 
software with few tuning parameters to solve their optimization 
problem. Under these circumstances, it is necessary to evaluate 
the existing software so as to select the “best” software to 
reduce the monetary requirements and computational efforts. 
This article is intended to help the user in making an informed 
decision while selecting the optimization software. Some of the 
CP based software that can be readily deployed includes IBM 
ILOG CPLEX Optimization Studio, ECLiPSe, Artley Kalis, 
Google CP Solver, and Emma. Due to availability and 
popularity, this work is restricted to the performance evaluation 
of IBM ILOG CPLEX Optimization Studio [5,6] and ECLiPSe 
[7,8].   

Being an empirical study, we will have to select the test 
problems on which the performance of both the software can 
be compared. In this study, we have selected two engineering 
problems namely Input Signal Design Problem [9-11] and 
Sensor Network Design Problem [12,13]. Both these problems 
are finite domain, combinatorial and non-linear problems that 
have obtained substantial attention in literature. In this article, 
the comparison is primarily based on (i) the ability to 
determine globally optimal solution, (ii) the computational time 
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required for achieving the globally optimal solution and (iii) 
the ease in determining multiple global optimal solutions.  

This article is organized as follows: In the subsequent 
section, we present a brief overview of the software that are 
being evaluated in this article. This is followed by a brief 
description of the input signal design problem and the sensor 
network design problem which are used as test problems to 
evaluate the performance of both the software. Subsequently, 
we present the results for these two problems determined using 
IBM ILOG CPLEX and ECLiPSe. Thereafter, we conclude the 
article highlighting the developments in this article and present 
possible future work.    

II. TEST SOFTWARES 

In this section, we will provide a brief description of the 
ECLiPSe and IBM ILOG CPLEX Optimization Studio 
software which are evaluated in this article for their 
performance on two non-linear, combinatorial optimization 
problems. A vast amount of information is available on the 
websites [5,8] of both these software. In this section, we will 
restrict ourselves with a very brief description of the software.  

A. ECLiPSe 

ECLiPSe is an open source software system that is 
available free of cost for both academic and commercial usage. 
It has been open-sourced since September 2006 by Cisco under 
a Mozilla-style Public License and can be readily used for cost-
effective development and deployment of constraint 
programming application. Being free of cost software, 
ECLiPSe does not seem to be offering a formal functionality 
support. However, ECLiPSe has a emailing list which proves 
to be fairly good for resolving many of the functionality issues. 
There are at least couple of books which exclusively deal with 
the use of ECLiPSe. The website also has several code 
examples for many commonly reported problems in literature 
including puzzles, jobshop scheduling, warehouse location, 
transport and crew scheduling. Among many other things, the 
roadmap for ECLiPSe includes the development of an online 
course and including and Development and Visualization 
Environment.  

ECLiPSe is capable of handling both integer and real 
numbers with the help of the interval constraint (ic) library. 
This library will have to be invoked for the solution of 
problems with constraint programming. Similarly the 
branch_and_bound library needs to be explicitly invoked for 
optimization problems. Though ECLiPSe is supported by 
various interfaces, this work is based on the use of TkECLiPSe 
which is a graphical user interface and is provided with most of 
the common menus that are available in most other standard 
software. 

The strategy employed in this work is to solve the 
underlying optimization problem to determine the optimal 
objective value. This is followed by the solution of a feasibility 
problem which contains all the constraints in the original 
optimization problem but has an added constraint that ensures 
that each feasible solution of this new CSP has the same 
optimal objective function value as determined earlier. The 
determination of multiple solutions using Tkeclipse is fairly 

straight forward and can be done at the click of “more” button. 
This button gets disabled automatically after the discovery of 
all feasible solutions thereby indicating the end of the 
procedure. It should be noted that the determination of multiple 
feasible solutions is done during the single search and the user 
is not required to dynamically add any additional cuts. There 
could possibly be other ways to determine multiple optimal 
solutions which may or may not be efficient than the strategy 
used in this article. 

B. IBM ILOG CPLEX Optimization Studio  

IBM ILOG CPLEX Optimization Studio is proprietary in 
nature and costs INR 424,500 without taxes in India for a 
single user license. This license cost includes functionality 
support for a year and subsequent renewals of the functionality 
support could cost up to 20% of the software value. However, 
renewal of the support is not necessary for the continued use of 
the software. A 60% discount is offered for academic use. IBM 
also offers a size restricted (in terms of number of variables and 
constraints) 90 day trial version. An extended trial version is 
also licensed free of cost on a case to case basis. In addition to 
this, the full version of IBM ILOG CPLEX Optimization 
Studio can be availed under IBM Academic Initiative. 
However, this does not seem to include functionality support 
and the user will have to rely on external help or on IBM ILOG 
Optimization discussion forums. Based on our experience, we 
feel that the ECLiPSe mailing list is more useful to resolve 
various queries than IBM discussion forums despite many IBM 
professionals participating in the forum discussions.  

As seen from the websites of both these software and a 
preliminary literature survey, IBM ILOG CPLEX Optimization 
software seems to be much favored for industrial applications 
as well as academic use. This could primarily due to the 
comparatively user-friendly, easy to understand language of 
IBM ILOG CPLEX Optimization studio when compared to 
ECLiPSe. However this may not be a major drawback for 
ECLiPSe once the user gets familiarized with the language. 
IBM ILOG OPL Optimization Studio enables the separation of 
data, model and the settings/tuning parameters by means of 
separate files. IBM ILOG CPLEX Optimization Studio also 
provides a series of in-built examples that can be sorted by 
Feature, Industry, Complexity and Technique. It is to be noted 
that IBM ILOG Optimization Studio is built on ECLIPSE 
which is a software development environment and is to be not 
mistaken for ECLiPSe which is a constraint logic programming  
software. 

The determination of multiple solutions in IBM ILOG 
CPLEX Optimization Studio can be done by using the 
“Solution limit”. The determination of multiple optimal 
solutions in this work is done by the addition of a cut which 
would ensure that the previous solution is not re-visited till the 
problem becomes infeasible. It should be noted that this is the 
best known strategy to the authors and smarter techniques to 
determine multiple optimal solutions could be available. As 
mentioned earlier, this section is only a brief introduction to 
these software and it would not be possible to discuss all the 
features. Additional details about both the software can be 
obtained from the appropriate cited literature. 

224



III. DESCRIPTION OF TEST PROBLEMS 

In this section, we briefly describe the two test problems 
used in this article. Both these problems have been solved by 
CP in literature thereby providing a basis for comparing 
different CP software. For the sake of brevity, only brief details 
are presented here and additional details about these problems 
can be obtained from the appropriate literature cited earlier. 

A. Input Signal Design: 

The design of input signal is crucial for plant-friendly 
System Identification which in turn helps in effective control & 
fault detection & diagnosis. The design of appropriate input 
signal involves selection of n  distinct input harmonics 

{ }1 2
, ,..., ,

n i
S x x x x= ∈ �  subject to the constraint that the 

Type II contributions are distinct from the input frequencies as 
well as from each other. These two constraints can be 
mathematically represented by the following three equations 
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Additionally, the monotonicity of the input signals can be 
ensured by the following set of constraints 
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The design of input signal is a multi-objective optimization 

problem and involves (i) minimizing the last harmonic ( )nx , 

(ii) minimizing the first harmonic ( )1x , and (iii) minimizing 

( )1
1,..., 1
max

i i
i n

x x
+∀ = −
− ( )1

1,..., 1
min

i i
i n

x x
+∀ = −

− − to ensure a well-

spaced grid. These three objectives have been lexicographically 
[14] combined into a single objective such that minimization of 

nx is the primary objective followed by minimization of 1x and 

subsequently ensuring a well-spaced grid. Thus the combined 
objective can be given by the following equation 

( ) ( )( ){ }2

1 1 11,..., 1 1,..., 1
min max min

i n i i i i ii n i n
x x x x x xλ λ

+ +∀ = − ∀ = −
+ − − − + (5) 

In the above equation, 
I
λ is the lexicographic constant and 

its value is given by 2 1n n− + . In addition to the above 
objective function in (5), we will also minimize the highest 
harmonic mean given by the following equation  

min
n
x            (6) 

In addition to the objective functions in (5) & (6), the following 
objective function will be used to ensure uniform grid spacing 

( ) ( )( )1 1
1,..., 1 1,..., 1

min max min
i i i ii n i n
x x x x
+ +∀ = − ∀ = −
− − −           (7) 

The design of input signals has been previously addressed 
using a Mixed Integer Linear Programming approach [10] and 
as well as a CP approach [11]. It has been conclusively shown 
that CP was able to reach global optima much faster than MILP 
and was also able to solve for larger values of n . As can be 
seen from the set of equations (1) – (7), this design problem is 
a non-linear combinatorial optimization problem.  

It has also been widely reported in literature that the 
computational time required for problems with identical set of 
constraints but with different objectives can be vastly different. 
In order to study the performance of both the software under 
such circumstances, we will be using three different 
formulations for the input design problem. In the rest of this 
article, the set of constraints from (1) – (4) along with the 
objective function in (5) will be represented as F1. Similarly, 
F2 will comprise the set of constraints from (1) – (4) along 
with the objective in (6). The set of constraints from (1) – (4) 
along with the objective function in equation (7) will be 
referred as F3. 

B. Sensor Network Design Problem:  

Sensors have become an integral part of every system and 
the optimal placement of sensors is a combinatorial 
optimization problem. The design of a reliable sensor network 
is crucial from various aspects including process control, 
process safety and process monitoring.  

In the following discussion, 
ix is a binary decision variable 

that is assigned a value of zero if a sensor is placed on the th
i  

variable and a value of one if no sensor is placed on the th
i

variable. If there are N  variables in the network, the following 
constraint would ensure that the total cost incurred by sensor 
deployment will be less than the total monetary allowance 

( )
*

C  

( )
*1i i

i N

c x C
∈

− ≤∑            (8) 

In the above equation 
ic  represents the cost of sensor that will 

be deployed to measure the th
i variable. The following 

constraint ensures that the network failure rate, defined as the 
maximum of the failure rates of all the variables, is less than 
the critical/threshold network failure rate.  

 ( )1 2
ˆ ˆ ˆ ˆmax , .... c

n
λ λ λ λ≤            (9) 

The following two constraints would ensure that a non-
redundant observable network is obtained.  

1, , 2i

i E

x S S V S
′∈
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In the above equations, V denotes the set of all nodes in the 
network whereas n and m denote the number of variables and 
number of nodes/units excluding the environmental node. The 

225



constraint in the following equation determines the failure rate 
of all the N variables. If the th

i variable is measured i.e., 

0ix = , then the failure rate of the th
i variable, denoted by ˆ

iλ , 

is equal to the failure rate of the th
i sensor denoted by 

iλ . 

However, if the th
i variable is not measured i.e., 1ix = , then 

the failure rate of the th
i variable is equal to the failure rate of 

all the sensors that are involved in estimating the  th
i variable. 
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In the above equation, i
C denotes the cardinality of set i

C  

which is the set of all cutsets involving the th
i variable. The 

following constraint is based on the fact that at least one 
variable from each cutest has to be measured.  

1 1, 2,...,
T
k

T

i

i C

x k C
∈
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In the above equation, TC denotes the cardinality of the 

set T
C which is the set of all cutsets. Additional details about 

cutsets and other graph theory concepts can be obtained from 
literature [15]. Equations (8) – (11) form the set of possible 
constraints. The sensor network design problem is also multi-
objective in nature. One of the objectives is to minimize the 
cost of the sensor network as given by the following equation 

( )min 1i i

i N

c x
∈

−∑          (14) 

Another objective is to minimize network failure rate as given 
by the following equation 

( )( )1 2
ˆ ˆ ˆmin max , .... nλ λ λ          (15) 

The objectives in equation (14) and (15) can be combined in a 
lexicographic framework by giving higher precedence to 
network failure rate followed by minimizing the cost. This can 
be mathematically represented by the following equation. 
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In the above equation 
sλ is the lexicographic coefficient and its 

value can be given by 1
i

i N

c
∈
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∑ . 

Like the input signal design problem, we will define three 
formulations which predominantly have the same set of 
constraints but have different objective functions. F4 will 
represent the objective function in equation (14) and the set of 
constraints from equation (9) to (13). This formulation leads to 
the design of a least cost observable sensor network whose 

network failure rate is not worse than ˆc
λ . Similarly a least 

failure network under the given monetary limit can be designed 
by using the objective function in equation (15) and 
incorporating the constraint (8) along with those in equations 

(10) to (13). In the rest of this article, this formulation will be 
referred as F5. The final formulation, F6 will incorporate the 
lexicographic objective given by equation (16) along with the 
constraints (8) to (13). This formulation will ensure 
determination of the cheapest network with least network 
failure rate. We will use these two problems as case studies and 
the six formulations therein to evaluate the performance of 
IBM ILOG CPLEX Optimization Studio and ECLiPSe. 

IV. RESULTS  

In this section, we evaluate performance of both the 
software on the six formulations (F1-F6) described earlier. The 
results were obtained using IBM ILOG CPLEX Optimization 
Studio Version: 12.2 and ECLiPSe 6.1 running on an Intel 
Core i3-2370M CPU @ 2.40 GHz with 4 GB of RAM with 
Windows 7 Operating System. 

A. Input Signal Design: 

In this study, we will use two different instances of the 
input signal design problem by varying the number of 
harmonics ( )n  to be determined. The default settings for both 

IBM ILOG CPLEX Optimization Studio and ECLiPSe were 
used for generating the results. The problem statistics for both 
these instances ( )7 & 10n n= = for all the three different 

formulations are presented in Table I. The purpose of using 
two different instances is to help in evaluating the performance 
of the two solvers for reasonably larger problem sizes 

TABLE I.  PROBLEM STATISTICS 

  
No. of   

Variables 
No. of  

Constraints 

Input 
 Signal 
Design 

F1 ( )7n =  

F2 ( )7n =  

F3 ( )7n =  

7 (integer ) 260 

F1 ( )10n =  

F2 ( )10n =  

F3 ( )10n =  

10 (integer ) 1001 

Sensor 
Network  
Design 

F4 
24 (binary) 
24 (integer) 

 

2134 

F5 2134 

F6 2133 

 

Table II shows the value of the optimal solutions for all the 
six problems.  For formulation F3, a value of 43iλ =  is used 

for 7n =  and a value of 91iλ =  is used for 10n = . The value 

shown in Table 1 for F1 is the combined value as represented 
in equation (5). For 7n = , ECLiPSe was able to discover the 
optimal solution much faster than IBM ILOG Optimization 
Studio. However for 10n = , IBM ILOG CPLEX Optimization 
Studio was not able to determine the optimal solution in 5  
hours for any of the formulations. On the contrary, ECLiPSe 
was able to determine the optimal solutions in less than 2 hours 
for all the three formulations thereby establish its supremacy 
over IBM ILOG Optimization Studio for these types of 
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problems. The solutions reported for 10n =  by IBM ILOG 
CPLEX are the best solutions that were obtained in the five 
hour duration and do not correspond to the optimal solution. 

TABLE II.  COMPARTIVE PERFORMANCE FOR INPUT SIGNAL DESIGN  

 

Optimal 

objective 

value 

Computational 

time (secs) 

IBM ECLiPSe IBM ECLiPSe 

F1 ( )7n =  74483 74483 69.26 3.87 

F2 ( )7n =  40 40 23.28 1.65 

F3 ( )7n =  5 5 6.55 1.75 

F1 ( )10n =  738568a 697250 >18000 7183.35 

F2 ( )10n =  86a 84 >18000 5451.89 

F3  ( )10n =  12a 10 >18000 1533.55 

a. Best value obtained after five hour time period 

TABLE III.  OPTIMAL INPUT HARMONICS  

 
Input harmonics Grid spacing 

IBM ECLiPSe IBM ECLiPSe 

F1 ( )7n =  
{7 8 18 31  
35 37 40} 

{7 8 18 31  
35 37 40} 

12 12 

F2 ( )7n =  
{7 8 18 31  
35 37 40} 

{7 8 18 31  
35 37 40} 

12 12 

F3 ( )7n =  
{13 17 25 32  
35 41 46} 

{13 17 25 32  
35 41 46} 

5 5 

F1 ( )10n =  * {8 14 29 48 53  
71 73 80 83 84} 

* 18 

F2 ( )10n =  * 
{8 14 29 48 53  
71 73 80 83 84} 

* 18 

F3 ( )10n =  * 
{34 36 40 51 60  
67 79 89 92 97 } 

12a 10 

                     * Not reported as optimal solution is not discovered in five hour period 

TABLE IV.  DETAILS OF MULTIPLE SOLUTIONS 

 

Number of 

multiple solutions Input harmonics 

 
IBM ECLiPSe 

F1 ( )7n =  1 1 {7 8 18 31 35 37 40} 

F2 ( )7n =  1 1 {7 8 18 31 35 37 40} 

F3 ( )7n =  1 1 {13 17 25 32 35 40 46} 

F1 ( )10n =  * 1 {8 14 29 48 53  71 73 80 83 84} 

F2 ( )10n =  * 1 {8 14 29 48 53  71 73 80 83 84} 

F3  ( )10n =  * 1 {34 36 40 51 60 67 79 89 92 97} 

                     * Not reported as optimal solution is not discovered in five hour period 

Table III shows the input harmonics and grid spacing 
corresponding to the objective function value in Table II. It can 
be seen that the solutions to Formulation F1 and F2 are the 
same. It is to be expected since the objective function of F2 is 
the primary objective in F1. Hence identical solutions are to be 
expected through these formulations. However, it can be seen 
that the time required by both F1 and F2 are different because 
of the additional objectives in F1. Table IV shows all the 

multiple optimal solutions for the two instances of the three 
different formulations. It so happens that none of the 
formulations have multiple solutions and hence are not being 
discovered by the software.  

B. Sensor Network Design Problem:  

In this study, we will use the three formulations (F4, F5 and 
F6) of the sensor network design problem to evaluate the 
performance of both the software. The grassroots design of the 
“retrofit” problem discussed in literature is taken as the case 
study for sensor network design. Details like the sensor failure 
rates and cost of sensors can be obtained from literature [13] 
and are not presented here for the sake of brevity. This problem 
has 24 variables with 11 nodes and hence 13 variables need to 
be measured ensuring an observable network.  

From Table I, it can be seen that all the three formulations 
are characterized by 24 binary variables and 24 integer 
variables. The value of the lexicographic constant sλ  is set to 

602 whereas the value of *
C and ˆc

λ are set to 300 and 150 
respectively. ECLiPse was not able to compile the problem due 
to Equation (12) as it possibly was not able to decompose it. 
Dr. Joachim Schimpf suggested decomposing the constraint in 
(12) into the following two constraints which led to the 
successful solution of the problem. 
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Table V shows the optimal objective function value and the 
time required for both the software to reach optimal solutions. 
It can be seen from this table that both the software are able to 
reach the optimal solution.  

TABLE V.  COMNPARTIVE PERFORMANCE FOR SENSOR NETWORK 
DESIGN  

 

Optimal  
Objective  

Value 

Computational 
Time (secs) 

IBM ECLiPSe IBM ECLiPSe 

F4 210 210 6.16 221.69 

F5 92 92 104.16 1083.14 

F6 55645 55645 224.50 2418.02 

However, IBM ILOG Optimization Studio is faster than an 
order of magnitude for this problem. The objective function 
value reported in Table V for F6 corresponds to the combined 
objective function represented in (16). The individual function 
values for the cost of the sensor network 210 whereas the value 
of the network failure rate is 92. From Table I, Table II & 
Table V, it can be seen that the time required for reaching 
optimal solution is not necessarily dependent only on the size 
of the problem. As can be seen in Table I, the size (both in 
terms of number of variables and number of constraints) of 
formulations F1, F2 and F3 in both instances is smaller when 
compared to the size of F4, F5 and F6. However, both the 
solvers were able to solve formulations F4, F5, and F6 in much 
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lesser time than that required for formulations F1, F2 and F3 
clearly indicating the solution time required for solving an 
optimization problem is also influenced by factors other than 
the size of the problem. 

TABLE VI.  SENSOR NETWORK CONFIGURATION 

 
Sensor network configuration 

IBM ECLiPSe 

F4 
{2 3 4 6 7 8 12 14  
16 18 21 22 24} 

{2 3 4 6 7 8 12 14  
16 18 21 22 24} 

F5 
{1 2 3 7 8 9 10 12  
15 16 18 21 23} 

{1 2 3 7 8 9 10 12  
15 16 18 21 23} 

F6 
{2 3 7 8 9 12 14 16  
18 21 22 23 24} 

{2 3 7 8 9 12 14 16  
18 21 22 23 24} 

The sensor network configurations obtained through both 
the software for both the objective values reported in Table V 
are shown in Table VI. Of the 24 variables, the 13 variables 
mentioned in Table VI are to be measured for the design of a 
non-redundant sensor network design. 

TABLE VII.  DETAILS OF MULTIPLE SOLUTIONS 

 

Number of 

multiple solutions 
Sensor network configuration 

IBM ECLiPSe 

F4 1 1 {2 3 4 6 7 8 12 14 16 18 21 22 24} 

F5 146 146 

{1 2 3 7 8 9 10 12 15 16 18 21 23} 
{1 2 3 7 8 9 10 12 15 16 18 22 23} 
{1 2 3 7 8 9 10 12 16 18 21 22 23} 
{1 2 3 7 8 9 10 13 16 18 21 22 23} 

{2 4 7 8 10 14 16 18 20 21 22 23 24} 

F6 1 1 {2 3 7 8 9 12 14 16 18 21 22 23 24} 

Table VII shows the details of the multiple solutions for all 
the three formulations. It can be seen that the formulation F4 
and F6 have only one solution whereas F5 has 146 solutions. 
For the sake of brevity, only 5 network configurations are 
reported in this article and others could be easily generated 
using any of the software. 

V. CONCLUSION 

In this article, we have compared the performance of an 
open source CP solver ECLiPSe which is available free of cost 
with IBM ILOG CPLEX Optimization Studio which is 
proprietary and is not available for free of cost. For the input 
signal design problem studied in this article, ECLiPSe was able 
to determine the optimal solution even when IBM ILOG 
CPLEX Optimization Studio was not able to solve the problem 
in the amount taken by ECLiPSe. However, the performance of 
IBM ILOG CPLEX Optimization Studio was better than one 
order of magnitude for the sensor network design problem. 
Also, it was easier in ECLiPSe to obtain all the multiple 
optimal solutions as it did not require the addition of cuts to 
avoid re-visting earlier discovered realization. These problems 
can potentially serve as benchmark for enhancing the 
efficiency of both these software as each one seems to be better 
than the other in a certain category of the problem despite 
being based on CP. In addition being open source software, 
ECLiPSe could prove to be an attractive alternate to both 

academic as well as commercial users without compromising 
on the quality or effort to determine optimal solutions. 
However caution should be exercised before extrapolating the 
performance of these solvers to other arbitrary non-linear, 
combinatorial optimization problems. The work here is 
restricted to two non-linear combinatorial optimization 
problems and future work can involve the comparison of these 
software on a larger set of combinatorial optimization problems 
and can also possibly include solving nonlinear, combinatorial, 
multi-objective optimization problems without any a priori 
information. 
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ABSTRACT       
The main goal of the virtual  lab  is  to  

serve  as  learning  tool  for  students,  we  

have  incorporated  an  Intelligent Tutoring 

System (ITS) into its architecture. In most 

developments of ITS, the tutor-student 

interaction has been unnatural, i.e. students 

interact with system by means of buttons 

and menus. However, in the last few years, 

research on human-computer interaction 

has tried to mimic human interaction. In 

this paper, effort have been made to 

provide more efficient approaches for the 

multi agent model for classify students. The 

cognitive parameters based student 

selection helps to improve architecture of 

multi-agent based selection in identifying 

various cognitive and behavioral 

parameters. 

1. Introduction    
The  goal  of  ITS  is  to provide  the  benefits  
of  one-on-one  instruction automatically  and 
cost  effectively. Like  training  simulations, 
ITS  enables  participants  to practice  their  
skills  by  carrying out  subjects  within highly  
interactive  learning  environments. [1]                                
The main goal of the virtual  lab  is  to  serve  
as  learning  tool  for  students,  we  have  
incorporated  an  Intelligent Tutoring System 
(ITS) into its architecture. In most 
developments of ITS, the tutor-student 
interaction has been unnatural, i.e. students 
interact with system by means of buttons and 
menus. [2]However, in the last few years, 
research on human-computer interaction has 
tried to mimic human interaction.  Most  
recently,  researchers  in  computer  science  

have  turned towards  an  aspect  which  was  
originally  believed  to  be  unrelated  to  
computer  systems performance emotions. 
Scientific studies have demonstrated the 
influence of emotions in human 
communication; and a hypothesis is that it can 
also happen in the human-machine interaction. 
In an ITS, this hypothesis becomes stronger, 
since emotions have been  identified  as  
important  players  in  motivation,  and  
motivation  is  very  important  for learning 
.[3,4,5]  When  a  tutor  recognizes  the  
affective  state  of  the  student  and  responds 
accordingly, it may be able to motivate 
students and improve the learning process. 
There are several authors who propose to use 
the affective state of the student to give him a 
more suitable response that fits with his 
affective and cognitive state. However, the 
affective state has not  yet  been  used  to  
decide  the  pedagogical response.  This is  
because there  are  still  many  questions  
about  emotions  without  response,  such  as  
which  affective states are relevant for 
learning.[6]  
In this work, we propose an  behavior model 
for a student, which combines the behavioral 
and  cognitive  state  of  the  student  and  the  
institutional situation  to  establish  the 
affective  and  pedagogical  actions. 

3. Proposed Approach    
Cognitive Model 
The performance, desire, intention, capability, 
commitment, trusts student agent has been 
computed on the basis of cognitive 
computational method. Performance, 
capability, intention, desire, preference, 
commitment are multiple attribute functions 
of the subjects that was completed or 
purchased in best, fair or defective categories. 
The level of trust is determined by the degree 
of initial success  
of the agent experience. Cognitive parameters 
of student agents help to select best student 
agent.       229
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The above points are expressed in terms of 
logical parameters as follows:  [3] 
a) The performance is calculated on the 

basis of number of subjects that are 
completed in best category, numbers of 
subjects that are completed in fair best 
category, number of subjects that are 
completed in defective category by the 
student agent. Hence, the performance of 
ith agent for jth subjects is   

 bjs

ist

avgjs

ist

gjs

ist

js

ist
QQQP ,,, ~,,

 
     Where, P js

ist is the performance of ith 

student for jth subject, 
gjs

ist
Q ,

is the jth type best 

subjects that        

    was completed by ith agent, 
avgjs

ist
Q ,

 is jth 

type fair subjects that was completed by ith 

agent, 
bjs

ist
Q ,

is the      

    defective subjects that was completed by i 
th agent. 
b)   The capability is computed on the basis of 
performance and total number of subjects 
completed.              

       Where, 
ist

Capability)(  is the capability 

of the ith agent; the capability shows the how 
much               
       subjects can be completed handled by a 
particular student agent. Hence, the capability 
of ith agent is:  
               

    
j

js

wistist
pCapability

,
)(    Where, 

ist
Capability)(  is the capability of ith agent 

for performance of jth subjects, 
js

ist
p  is the 

performance of ith student for selection of jth 
subject. 
c) Desires denote states that agent wish to 

do the subject which is based upon the 
performance of ith agent for jth subjects. 
Hence, desire of ith agent is : 

             

bjps

ist

avgjps

ist

gjps

istist QQQDesire
,,, ,,)( 

      

       Where, )(Desire
i
 is the desire of 

the ith student, 
gjps

ist
Q ,

is the number of selected 

subjects   
       types best completed subjects by ith 

agent, 
avgjps

ist
Q ,

 is number of selected subjects 

types fair completed subjects   by ith agent, 
bjps

ist
Q ,

 is  the number of selected subjects 

types defective completed subjects by ith 
agent. 
d)   The intention computed on the basis of 
choice (desire) and preference and 

performance of ith   agent. Hence, intention of 
ith agent is: 
          





1

,)()(
js

js
ististist PDesireIntention

 

e)   Commitment is computed on the basis of 
intention and capability of ith student agent. 
Hence,   Commitment of ith agent is: 
            )()()( , CapabilityIntentionCommitment ististist   

f)   The Trust is computed on the basis of 
commitment and capability of an agent. 
Hence,    
       Trust of ith agent for institution agent is: 
            )()()( , CapabilityCommitmentTrust ististist   

 

Qualitative composition rules 
The composition of qualitative variables L, M, 
H is based upon the following rules [4]: 

 Rule 1: If two variables are equal 
then the composition amounts to the 
same either variable level such as   L 

L=L, M M=M, H H=H 

 Rule 2: If two qualitative variables 
are unequal then the composition 
amounts to the greater level of the 
variable:

HHMHHLMML  ,,
 

 Rule 3: If the two qualitative 
variables differ by two levels then the 
composition level is the average level 
between the two levels. Such as H 

  L=M 

 Rule 4: If any negation value of 
qualitative variables comes then it 
converts into: 
~H = L , ~L = H , ~M = M 

4. Implementation & Result                                                  
The flow-chart 1 (Fig. 1) is used for 
computing the Selection of maximum trust 
student agent. According to flow-chart 1, 
numerical value of trust for five agents fall in 
L, L, M, H, H. Using these searching 
technique, broker agent finds that agent name 
list whose trust value is high. Ag4 and Ag5 
has high trust logical value among all given 
agents. Now, broker agent search out that 
which agent has highest logical value for all 
available cognitive parameters, broker finds 
that Ag5 has all cognitive parameters in high 
logical range. Thus, Ag5 will be selected for 
best student agent for negotiating with 
institution agent. 
In our experiment, output result shows that the 
agent Ag5 has maximum trust as per Figure. 
2.  So institution agent selects agent Ag5. The 
experiment has been shown number of 
communications between institution and 
various student agents through broker agent 
and achieves maximum trust for student agent 
Ag5. Ag5 can effectively satisfy the 
institution’s need (as shown in Figure. 3).  
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Input: ta(i), ta(j) 

While (i <= 
n) 

true 

 

  false 

 Output: max_ta 

 Increment j by i+1 and increment i by 

If (ta(i)<ta(j) 
&& 
ta(j)>=max_ta) 

Output: max_ta=ta(j) 

tru
e 

false 

If ( ta(i)<ta(j) 
&& ta(j)<=max_ta) 

   
false 

  
false 

If (ta(i)>ta(j) 
&& 
ta(j)>=max_ta) 

Output: max_ta=ta(i) 
 

true 
 

false 
 

If (ta(i)=ta(j) && 
max_ta=ta(j)) 

Output: 

If(count_h_ta(
i)> 

true 

Output: max_ta=ta(j) Output: 

  
false 

true 

Input: ta(i) (trust agent of 
agent i ) 
           ta(j) (trust agent of agent 
j ) max_ta(maximum trusty 
agent) 
Output: max_ta(maximum 
trusty agent); 
& count_h_ta is for using to 
count high logical value of 
input agent. 

Start  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                            
 
                                                     Figure.1. Selection Of Maximum Trust Student Agent 
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                            Figure. 2.  Output Of Selection Of Maximum Trust Student Agent 

 

 

                            Figure 3.  Graph for Selection of Maximum Trust Student Agent 
 
 
5. Conclusion 
In this paper, effort have been made to provide 

more efficient approaches for the multi agent 

model for classify students. The cognitive 

parameters based student selection helps to 

improve architecture of multi-agent based 

selection in identifying various cognitive and 

behavioral parameters.  
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Abstract. Agent Based Modeling (ABM) is usually referred 
to as the third way of doing modeling & simulation in 
contrast to the historically popular equation-based 
macrosimulations and microsimulations. ABM has been 
successfully applied to model and analyze a number of 
complex social processes and structures, ranging from 
habitation patterns to spread of culture. In this paper, we 
present our experimental work on applying ABM to model 
individual voting preferences. The model explores process 
of formation of voting preferences, the factors governing it 
and its effect on the final voting pattern. We have 
incorporated social influence theory in our model and 
experimented with various settings. The paper concludes 
with a short discussion of the results. 
Keywords: Agent Based Modeling (ABM), Multi-Agent 
Systems (MAS), Social Influence, Social Simulation, Voting 
Model. 
 

1. Introduction 
The development of social simulation over the past 
half century can be grouped into three broad periods: 
macrosimulation, microsimulation and agent-based 
models. Sociologists, particularly computational 

sociologists, first tried macrosimulations to model 
problems in supply-chain management, inventory 
control in a warehouse, urban traffic, spread of 
epidemics, migration and demographic patterns. 
Macrosimulations consist of a set of differential 
equations that take a holistic view of the system. 
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However, taking the complete system as the unit of 
analysis had inherent limitations. Microsimulations 
focused on the use of individuals as the unit of 
analysis but continued with macro-level forecasting 
used in macrosimulations. ABM, the third 
methodology, takes a pure bottom-up approach and 
keeps the individual at the centre. It allows modeling  
individual actors in the population and their 
interactions.  

In Agent Based Modeling (ABM) a system is 
modeled as a set of autonomous agents, who can 
perceive the environment and act on the basis of 
some behavioural rules. The agents represent the 
actors in the system; environment represents the 
surroundings including neighbouring agents; and the 
behaviour rules model the interaction of the agent 
with other agents as well as with the environment. 
ABM can be used to model a number of phenomena 
in varied domains like Markets & Economy, 
Organizati 

ons, World Wide Web and Social Systems etc. 
Availability of fast and cheap computing power, 
coupled with other advances in computational 
sciences has paved the way for use of ABM as a 
preferred modeling and simulation technique. Since 
last few years ABM has become the frontrunner tool 
of the Sociologists and Psychologists who try to 
model social behaviours, particularly the behaviour 
of groups and societies. A large number of researches 
are now being carried out using this generative 
approach to model and analyze social phenomenon, 
such as spread of rumors, diffusion of ideas, 
emergence of cooperation, emergence of conventions 
& social norms, evolution and dynamics of spread of 
religions and cultures etc 

This paper presents our experimental work on 
using ABM for understanding and analyzing voting 
preferences of individuals. We have modeled the 
process and factors shaping and affecting individual 
voting preferences for a particular political party. To 
keep the model simple and consequently analysis 
more accurate, we have taken individual voting 
preferences as ‘0’ and ‘1’ representing a two party  
political system. Every individual’s final voting 
decision is shaped and affected by a number of 
factors, such as his own perception about parties, his 
family views & beliefs, perception of his friends, and 
his neighbourhood preferences. Our simulation 
models the role and relative weights of these factors 
in shaping an individual’s voting preferences. We 
have also incorporated social influence theory in our 

model which states that similar persons are more 
likely to interact, and as a result of frequent 
interactions they are likely to become more similar. 
We experimented with multiple settings and 
configurations and obtained interesting results. The 
rest of the paper is organized as follows. Section 2 
describes the ABM approach for modeling and 
simulation and section 3 defines its application in 
social science. Section 4 explains the process and 
factors believed to shape individual voting 
preferences. Section 5 presents implementation and 
results of our experimental model. The paper 
concludes in section 6 with a short discussion of the 
results.      

2. Agent Based Modeling (ABM) 
Traditional modeling approaches to social systems 
relied on equation-based models that operate with a 
macro perspective. They operate on population 
attributes & their distributions and lack the focus on 
individual’s role. Equation-based models, though 
useful for macro-scale behaviour predictions, fail to 
model social systems (or processes) that lack central 
coordination, systems that are very complex in terms 
of their interdependencies and systems which 
produce novel emergent behaviours in absence of a 
clear understanding of the collective phenomenon. 
Taking this into consideration, Axtell [1] suggested 
that there are three distinct uses of Agent-based 
computational models of social systems: (a) when 
numerical realizations can be proposed and solved:  
agent models can be used as social simulations; (b) 
when a mathematical model can be formulated but 
can only be partially solved: agent based models can 
be a useful tool of analysis; and (c) when 
mathematical models are either apparently intractable 
or provably insoluble: agent based modeling is 
perhaps the only technique available for systematic 
analysis.  

Although technically simple, ABM is conceptually 
deep. Modeling a complex social process requires 
high conceptual clarity and analytical ability [2]. A 
key issue, therefore, is to decide when to use ABM 
for modeling social systems. An indicative list of 
situations when it is better to think and model in 
terms of agents is: (a) when there is a natural 
representation of actors as agents; (b) when the 
interactions between the agents are complex, non-
linear, discontinuous, or discrete; (c) when agents 
exhibit complex adaptive behaviours; (d) when the 
population or topology of interactions is 
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heterogeneous; and (e) when agents have spatial 
component to their behaviours & interactions. ABMs 
in social sciences involve human agents, whose 
behaviours are often complex, irrational and 
subjective. Therefore, one needs to think carefully 
about the social phenomenon at hand before going 
for ABM. Further, the model needs to be built at the 
right level of description, with only the right amount 
of details. Unnecessarily adding complexity to a 
model can make the analysis difficult and the model 
useless. 

3. ABM Applications in Social Science 
ABM is currently being applied to model a variety of 
complex social phenomenon where simple local 
interactions generate emergent system-level 
behaviours. Some representative & relevant work can 
be found in [3], [4] & [5]. Macy & Willer [6] group 
most of the work on Agent-based modeling of 
collective behaviours in two categories: (a) models of 
emergent structure which includes works on cultural 
differentiation, homophilous clustering, idea 
diffusion, convergent behaviours and norms; and (b) 
models of emergent social order which include 
viability of trust, cooperation and collective action in 
absence of global control. Goldstone & Janssen [7] 
also identify three similar themes for Agent-based 
computational models of collective behaviour 
namely: (a) patterns and organizations which include 
settlement patterns & segregation, human group 
behaviours and traffic patterns; (b) social contagion 
which include spread of ideas, fashions, cultures & 
religions; and (c) cooperation which include 
evolution of cooperation, trust & reputations and 
social norms & conventions. 

4. Factors Shaping an Individual Voting 
Preferences Modeling 

Every individual while deciding his voting preference 
is directly or indirectly affected by a number of 
factors. The final voting decision of an individual can 
be taken as a function of these factors. An individual 
makes a preference about a political party based not 
only on his perception about the ideology & 
programs advanced by it, but by several other 
important factors. Individual may have an inherent 
preference formed over a substantial period of time 
from his perceptions. However, family, friends, 
neighbourhood (representing social and religious 
group membership) and mass media play an 
important role both in shaping an individual’s 

perception and deciding his final vote. We have 
modeled a population of individuals with their initial 
preference for a particular party, and then run the 
model by varying different factors to observe how 
and possibly why his initial favour changes to a 
particular final voting preference. Since the model 
deals with a two party system used for simplicity of 
analysis, every individual is believed to have an 
initial favour for one of the two parties, represented 
as ‘0’ or ‘1’. Individuals during course of the time 
interact with friends, family members and 
neighbours. We have also associated feature sets with 
every individual to represent his overall mental and 
behavioural makeup. The friends of an individual are 
then defined as those having similar feature set 
values as that of the individual. Family of an 
individual represents the agents close to him and with 
whom he interacts very frequently. Family members 
are known to have a greater influence over an 
individual. Neighbours are taken as relatively distant 
agents on the grid and are viewed to represent 
individuals belonging to same social and religious 
groups of the concerned individual. An individual is 
thus believed to be affected not only by his friends 
and family members but also by the social and 
religious groups he may belong. Mass media also 
plays role in shaping an individual’s voting 
preference. Thus, we have simulated the model of 
“social influence of feature similarity with other 
agents”. In this model all individuals are assigned a 
random  initial voting   preference value and a set of 
features. In our model each feature is assigned 
randomly value. A threshold value decide how many 
neighbours will affect individual vote, when 
threshold size nearer to feature size and less number 
of neighbours will affect individual vote or vice 
versa; this model has two factors of feature 
similarity: 

4.1. Voting Behaviour 
Human actions, such as voting in a democratic 
election, are extremely complex phenomenon and 
depend on a host of economic and social factors as 
well as political alliances. Though social influence 
plays an important role in many human decisions, it 
is not the sole determinant. Various social influence 
that determine individuals vote are such as family, 
neighbours, caste, occupation, qualification, marital 
status, coercion/fear etc; these are the few factors that 
are important when it comes to choosing the 
candidate to vote. In voting behavior, an important 
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question is how individuals vote. Does the whole 
family or neighbours vote for a single candidate, or 
do the different members of the family vote 
independently. To be clear, the question here is not 
whether the whole family or neighbours votes for the 
same person or not – the question is whether each 
member of the family makes the decision to vote for 
a particular candidate independently, or if the family 
discusses and decides who gets all the votes from the 
household or society. 

4.2.   Role of Family, Neighbourhood and 
Mass Media 
An individual makes up his voting preference 
through a complex process involving non-linear 
feedback loop of interactions with a number of 
entities. Individuals interact more frequently with 
their family members and relatively less frequently 
with other persons belonging to their social and 
religious groups. An individual’s final voting value is 
no doubt a function of these factors. However, what 
is more important to understand is that what is the 
extent of this effect and the by what underlying 
process an individual finally makes up his voting 
preference. In this model all individuals are assigned 
a random initial voting preference value and then his 
interactions with his 8-neighbour agents is observed 
and analyzed. The final voting preference is a stable 
value that results by a process of majority sampling. 
Since the initial voting preference values seem to 
play an important role on the final outcome, we 
experimented with multiple initializations.  

4.3.   The Theory of Social Influence 
The Social influence assumes that individuals (or 
agents) often imitate good behaviours through their 
interactions with other individuals. Its dynamics 
depends on familiarity of the interacting individuals, 
density of the neighbourhood, and popularity and 
spatial proximity of the other individuals. Interesting 
models of social influence have been proposed by 
Carley [8], Axelrod [9] and Axtell [10], Coleman 
[11], Nowak et al [12] etc. Axelrod, in his social 
influence model of dissemination of culture [13], 
focused on factors of local influence (tendency for 
people who interact to become more similar) and 
homophily (tendency to interact more frequently with 
similar agents). The more the agents interact, the 
more similar they become; and the more similar they 
become, the more likely they are to interact. Agents 
who are similar to each other interact with each other 

and become more similar. Axelrod’s model captures 
culture as a group of features with multiple trait 
values per feature. However, the emphasis is not on 
the content of a specific culture but on the way in 
which culture is likely to emerge and spread. The 
simulations with varying parameters regarding grid 
size, number of features and number of traits per 
feature resulted in polarization, despite the only 
mechanism for change being convergence towards a 
neighbour. We have used the basic idea of Axelrod’s 
culture model to represent friends of an individual. 
An individual’s friend is believed to have behavioural 
feature set similar to the individual. The feature set 
similarity represents their like mindedness of the 
individuals on various issues and hence possibility of 
having similar voting preferences or at least being 
affected by each other’s preferences.   

5. Implementation and Results 
When a group of individuals undergo a set of social 
interaction, emergent bahaviour is observed in real 
life. Even in agent based modeling of social behavior 
with a minimal set of interaction rules amazing voting 
behavior is observed. Social influence is important for 
various multi-agent systems. The main aim of the 
simulation design is to explore and evaluate 
effectiveness of different voting model in a virtual 
setting. We implemented our simulation using 
NetLogo [14]. The initial setup of models; Agents are 
placed at fixed location within 2D grid, and allocate 
votes randomly to all individuals and finally with 
different social influences we can see the model 
behaviour or vote preferences of individual change 
with every defined tick. We use the NetLogo [14] 
programming language for simulating the models. 
NetLogo version 4.0.4 has easy to use features for 
report generation and automation of the experiment. 
In our work, using Axelrod’s model as an inspiration, 
we try to simulate the aspects of social interaction and 
voting behavior; i.e. implementing the “voting model 
in social influence of feature similarity with other 
agents”. We model a collection of agents on 
homogeneous geography observed their vote 
preference change after a number of agent to agent 
interactions with time ticks.  

   In this Voting Model initially setup is design in 
such a manner that all the individuals in grid or a 
particular area are assigning with randomly votes and 
randomly assign feature set which will decide final 
vote of individuals after dynamic interaction among 
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neighbour agents. The voting model that we designed 
can be described as follows: 

5.1. Model Setup 
A population of agents is created on a wrap-around 
agent grid of size 40 X 40. The key entities in the 
model are represented by patches; each patch of the 
grid represents an agent. The patches represent 
stationary landscape on the grid. In this version agent 
hold a set of features. Each feature is a variable that 
can adopt a binary value (1 or 0). Initially, agents 
adopt randomly chosen a set of features. If feature 
size is n than there will be 2n different type of feature 
set. Every agent has one of this 2n feature set. 

5.2.   Model Parameters 
In grid, we have placed agents at each coordinate. 
Every individual has certain attributes that 
characterize it. Most interestingly, it has a 
behavioural feature set of size “n”, which can be a 1 
to 10 bit string. Every value in the string is a binary 
value (0 or 1) and represents a particular feature. The 
feature set values of two agents is used to decide 
whether they are sufficiently likeminded or not. Two 
individuals having will be similar if their feature set 
string contains a minimum number of similar feature 
values (greater than a similarity threshold). An 
individual is more likely to be influenced by those 
who are similar to him. In addition to the feature set, 
every agent also has a voting preference value (1 or 
0), initialized randomly. Before deciding his final 
voting preference, an agent interacts with various 
agents in its neighbourhood. According to social 
influence theory, it is more likely to interact and be 
affected by the agents similar to it. Interactions 
between similar agents make them more similar. 
However, rather than changing the feature set values 
of agents, we have changed their voting preference 
values so that similar agents are more likely to have 
similar voting preferences. In fact, the model picks 
up an agent and samples its neighbourhood. Suppose 
n out of total m agents in the neighbourhood are 
similar to the agent. Then the voting preference of the 
agent changes to the majority preference of the 
similar agents. In case of tie the agent retains its 
voting preference. For example, individual A (feature 
set: 00110) and B (feature set: 10110) are highly 
similar. We obtained multiple runs of the model by 
varying (i) the feature size, (ii) feature threshold size 
and (iii) initial voting preference value distribution.  

The steps by step procedures of the whole parameters 
are used in the model of feature similarity are 
described below: 

 

Algorithmic Steps: 
 

Step-1:  Initialize feature size 
and Threshold size 
Step-2:  Setup the patches by 
randomly initializing feature set 
to each patch and also assign 
randomly initial vote preference (0 
or 1) 
Step-3:  Recolor patches according 
to their initial vote preference 
Step-4:  Pick a patch one by one in 
randomly 
Step-5:  For each selected patch, 
determine its neighbourhood  
Step-6:  For each neighbor of the 
selected patch do  
         the following:   

 Compare each feature 
of neighbor patch 
with the feature of 
the selected patch 

 Count numbers of 
features 
(feature_similarity) 
are similar to that 
feature of selected 
patch 

Step-7:  After every tick pick 
patches one by one randomly and set 
count_1 = 0 and count_0 = 0   

 for each neighbor do 
the following: 
• if 

feature_similarity 
> = threshold_size 
o  if vote 
preference of 
neighbor is 1,  
    then increment 
count_1 by 1 
o  else increment 
count_0 by 1 
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 if count_1 > count_0,  
 then set vote 
preference 1 

 else if count_1 < 
count_0,  
 then set vote 
preference 0 

 else don’t reset 
their vote preference 

Step-8:  Recolor the patches 
according to their vote Preference 
 

5.3.   Results 
In these model multiples Runs are taken by varying 
feature size, threshold size and initial voting 
preference value distribution. The feature size “n” has 
been varied from 1 to 10 with feature similarity 
threshold being varied from 1 to n. Fig. 1 to Fig. 7 
presents some initial and final snapshots of voting 
model with feature similarity. 

The initial voting preference distribution has also 
been varied with different percentage like as from 
10%-90% to 50%-50% for the initial vote values of 
‘0’ and ‘1’. The above snapshots of run define the 
input values, initial distribution of votes & condition 
of feature sets and final snapshots show interesting 
patterns. Wit higher similarity threshold (in above 
figures); there is less local polarization towards a 
particular vote value despite having initial favour for a 
particular vote value. Low feature set similarity 
however results in contiguous groups similar vote 
values. Table 1 shows few more of sampling runs by 
taking the above data which describes the stability of 
model; time to stability increases with decreasing the 
threshold size. It also shows if threshold size nearer to 
feature size there will be less polarization. 

6.   Conclusion 
The ABM methodology is a favorable approach to 
model and analyze complex social phenomena that 
may involve non-linear feedback loops. It has been 
applied successfully to model a number of social 
phenomena involving different social processes and 
organizational structures. In this paper, we have 
demonstrated how ABM can be applied to model and 
analyze the voting preference formation and resultant 
voting decisions of individuals in a population. The 
model assumes a two party system. We designed the 
simulation model and observed the results for a large 

number of runs with different parameter variations. 
The initial voting preference distribution in the 
population, role of friends (likeminded individuals), 
affect of family members and neighbours; all produce 
interesting results to analyze. Social influence theory 
incorporated into model shows that individuals’ 
voting decisions are affected more by those who are 
similar to them. However, if the similarity threshold 
is relatively lower, the model results in local voting 
preference polarizations. These results taken together 
resemble to actual voting patterns observed in closely 
knit societies and segregations such as far off villages 
and tribal groups. Voting behaviour and patterns of 
relatively informed and well-educated persons 
conform to this trend. The experimental simulations 
attempt to model an interesting social phenomenon 
and present interesting results that need to be further 
analyzed to draw relevant inferences, analogies and 
explanations.      
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                                                        1(a)                                                                          1(b) 

Fig. 1:  A snapshot of the run of feature set based simulation. The feature set size is 7 and similarity threshold is 1. The initial 
values of green = 840 and blue = 841 (Fig. 1(a)), transform to final values of green = 856 and blue = 825 and stability time tick 

=10 

 (Fig. 1(b)) 

 

 

                     
                                         2(a)                                                                             2(b) 

Fig. 2:  A snapshot of the run of feature set based simulation. The feature set size is 7 and similarity threshold is 2. The initial 
values of green = 840 and blue = 841(Fig. 2(a)), transform to final values of green = 960 and blue = 721and stability time tick =7 

(Fig. 2(b)). 

 

 

 

 

 

 

 

240



                           
                                               3(a)                                                                                3(b) 

Fig. 3:  A snapshot of the run of feature set based simulation. The feature set size is 7 and similarity threshold is 3. The initial 
values of green = 840 and blue = 841 (Fig. 3(a)), transform to final values of green = 860 and blue = 821and stability time tick = 

7 (Fig. 3(b)). 

 
 

                                 
                                                 4(a)                                                                                  4(b) 
Fig. 4:  A snapshot of the run of feature set based simulation. The feature set size is 7 and similarity threshold is 4. The initial 

values of green = 840 and blue = 841 (Fig. 4(a)), transform to final values of green = 834 and blue = 847and stability time tick = 
3 (Fig. 4(b)). 

 

 
 
 
 
 
 
 

241



                            
                                  5(a)                                                                              5(b) 
Fig. 5:  A snapshot of the run of feature set based simulation. The feature set size is 7 and similarity threshold is 5. The initial 

values of green = 840 and blue = 841 (Fig. 5(a)), transform to final values of green = 838 and blue = 843 and stability time tick 
=2 (Fig. 5(b)). 

 
 

                                                     
                                         6(a)                                                                           6(b) 
Fig. 6:  A snapshot of the run of feature set based simulation. The feature set size is 7 and similarity threshold is 6. The initial 

values of green = 840 and blue = 841 (Fig. 6(a)), transform to final values of green = 841 and blue = 840 and stability time tick 
=2 (Fig. 6(b)). 
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                                                     7(a)                                                                                 7(b) 

Fig. 7:  A snapshot of the run of feature set based simulation. The feature set size is 7 and similarity threshold is 7. The initial 
values of green = 840 and blue = 841(Fig. 7(a)), transform to final values of green = 840 and blue = 841and stability time tick =1 

(Fig. 7(b)). 
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Table 1: Sample Runs of Feature Based Voting Model 
 
 

No. of 
Runs 

Feature 
Size 

Threshold 
Size 

No. of Green Vote No. of Blue Vote Time to 
Stable 

Initial Final Initial Final 

Run-1 7 1 840 856 841 825 10 

Run-2 7 2 840 960 841 721 7 

Run-3 7 3 840 860 841 821 7 

Run-4 7 4 840 834 841 847 3 

Run-5 7 5 840 838 841 843 2 

Run-6 7 6 840 841 841 840 2 

Run-7 7 7 840 840 841 841 1 

Run-8 5 3 169 104 1512 1577 4 

Run-9 5 3 505 417 1176 1264 3 

Run-10 5 3 673 610 1008 1071 4 

Run-11 3 2 169 144 1512 1537 3 

Run-12 3 2 505 458 1176 1223 2 
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Abstract--Multimedia Information may have multiple semantics 

depending on context, a temporal interest and user preferences. 

Hence we are exploiting the plausibility of context associated 

with semantic concept in query point movement to retrieving 

relevance information. We propose Contextual Query Perfection 

Scheme (CQPS) to learn, refine the current Contextual 

Semantic Descriptor that could be used in query perfection in 

RF cycle to understand the semantic of query on the basis of 

relevance judgment taken by ERU. We introduce GMM based 

Contextual Semantic Descriptor to enhance the performance of 

Contextual Query Perfection Scheme in Affective based 

Implicit Contextual Semantic Relevance Feedback (AICSRF). 

Observations suggest that the proposed scheme reduces the 

search space hence retrieval time and increases the system’s 

contextual semantic understanding.    
 

 Keywords: Contextual semantic relevance feedback; spoken 

emotional words; affective feedback; facial expression; 

Multimedia Information Retrieval; video retrieval 
 

I. INTRODUCTION 
 

Bridging the semantic-gap is a core challenge in multimedia 

information retrieval field [1]. Based on relevance feedback 

information, the system updates a distance metric among the 

low-level features to better reflect high-level conceptual 

semantic distances and modify the parametric space, feature 

space, semantic space, or classification space to identify the 

relevant and irrelevant information. Various implicit [2] and 

explicit [3] relevance feedbacks and combination of implicit 

relevance feedback with explicit relevance feedback [4] 

methods have been proposed in recent years to deal with 

information needs of users. Relevance feedback, as an 

interactive and iterative process, is used to remove 

ambiguity of user‘s information needs, but not sufficiently 

as may be desired. The term semantic concept of some 

information is the interpretation of low level object captured 

during the image filtering process into high-level knowledge 

understandable by the subject. A multimedia semantics are 

associated with information, sought by a user, and these 

semantics depend on some context and hence we are 

exploiting the plausibility of context associated with a 

semantic concept. To enhance the relevance of semantic 

concept it should be enriched with the context. For instance, 

there is a large video repository and among them some 

videos contain information about cricket match played, some 

of them contain football match played and some of them 

contain hockey match played. Suppose somebody is 

interested in finding a video containing a football match. 

Suppose all the three types of videos contain stadium with 

crowd, players in the field and a round object moving in the 

field. If we segment and classify the various objects by only 

considering visual similarity, the moving round shape may 

create ambiguity whether it is football, cricket ball or hockey 

ball as shown in Figure 1. But, if we consider the context in 

which user wants to retrieve the information (football) and 

match first the audio signals of spoken word football, 

hockey and cricket in all videos, then matching visual 

similarity, we can find relevant videos containing football 

match accurately with less retrieval time and search space. 

Thus exploiting the plausibility of context associated with 

semantic may be beneficial in retrieving relevance 

information.  

 
Fig 1. Image frames representing video. Moving white ball creates 

Contextual Concept ambiguity. 

 

We, hereby, propose to combine the context and semantic 

for the purpose of enhancement of the possible relevance 

and are trying to convey the semantics (in the query) to the 

system through context description. So, some of major 

challenges are as following: 

1) How system will identify current context in a query? 

What mechanism will be used to identify current contextual 

semantic descriptor in query to accumulate the relevance 

feedback information to estimate the query point movement 

under the current context of a query that may be beneficial 

to improve both the current query accuracy and the future 

system performance in term of precision, recall as well as 

reduced search space hence retrieval time. 

2)  How, we could employ affective feedback as an implicit 

source of evidence in RF cycle and how it can be used in 

Contextual Query Perfection Scheme to increase the 

system‘s contextual semantic understanding is another 

challenge.  
 

In the previous paper[5], we have proposed an Affective  

Based Implicit Contextual Semantic Relevance Feedback 

(AICSRF) framework to investigate whether multimedia 

attributes (audio and speech along with visual) can be 

purposefully used to work out a proper context for the 

specific query made by a user and the same will be useful at 

various stages of search space reduction hence reducing 

retrieval time and to further investigate whether we could 

employ Affective feedback that incorporate spoken 
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emotional words along with facial expression as an implicit 

source of evidence in CSRF cycle to increase a MIR 

system‘s contextual semantic understanding to learn, refine, 

discriminate and prioritize the context that could be used in 

query perfection in RF cycle. The context, we refer to in that 

work, were consist of the Audio, Speech and Visual present 

in the query clip and are of user‘s temporal interest and 

preferences. Mainly three types of contexts were possible 

one of them was audio, speech context and second was 

visual context and third was joint context.  In this proposed 

work, we will define Contextual Semantic Descriptor for 

those contexts.  Audio and speech context is being named 

here as the Primary Context in this work, can be derived 

from the audio and speech features present in the query clip 

and its relationship to visual features set present in the 

Context Seed Training Database. We further define a 

Primary Contextual Semantic Descriptor that represents 

context co-occurrence relationship between the Primary 

Context and visual features set representing a concept 

defined in Context Seed Training Database. A Visual context 

is being named here as the Secondary Context, can be 

derived from the visual features present in the query clip and 

its relationship to visual features set present in the Context 

Seed Training Database. We further define Secondary 

Contextual Semantic Descriptor that represents context co-

occurrence relationship between the Secondary Context and 

visual features set representing a concept defined in Context 

Seed Training Database. The combination of these Primary 

Context and Secondary Context results in to the Audio-visual 

context that is being named here as a Joint Context. These 

contexts will be utilized in improving the retrieval 

performance. Some of the contexts may be in the query clip 

due to different audio, speech and visual features present 

therein. All attributes (audio, speech, visual and its 

combination) in the query clip are being used to work out 

the context for the purpose of reduction of search space and 

hence retrieval time. Our aim is to design a MIR system that 

can capture, register and interpret up to some extents a 

user‘s current context in the query. Problem is to identify 

proper current Contextual Semantic Descriptor which may 

be one or more among multimedia attributes in a user‘s 

query and iteratively train a MIR system to refine these 

Contextual Semantic Descriptors that will be used in the 

query perfection to achieve the better performance. 

 

In this proposed work, we intend to propose Contextual 

Query Perfection Scheme CQPSGMM integrated with 

GMM based Contextual Semantic Descriptors to learn, 

refine the current context that could be used in query  

perfection in RF cycle to understand the semantic of query 

in following search iteration.  
 

In section II, we introduce some recent work related to this 

research. Section III provides the brief description of  

AICSRF framework that was discussed in our previous work 

[5]. We will discuss Contextual Query Perfection Scheme 

that is integrated with proposed GMM based Contextual 

Semantic Descriptor and which refines the audio-visual 

contexts on the basis of relevance judgment taken by ERU 

via relevance feedback in AICSRF framework that will be 

used to evaluate the performance enhancement of  Query 

Perfection Scheme.  Section IV reports the experiments 

conducted and discusses the results. Finally, section V 

concludes this research and points out the future directions.     

II.      RELATED WORK 
 

In [6], Author has presented ongoing research on the 

implementation of the contextual relevance feedback 

approach in web-based information retrieval. The approach 

builds a contextual user profile employing the user‘s implicit 

data (i.e. from Internet browsing history) and explicit data 

(i.e. from a lexical database, a shared contextual knowledge 

base and domain-specific ontology/concepts) to provide 

relevant information to users that potentially satisfies their 

information needs. In [7] the relevance feedback is applied 

to reflect the user‘s emotion in every retrieval processes. 

Facial expressions have been associated in the past with 

universally distinguished emotions, such as happiness, 

sadness, anger, fear, disgust, and surprise [8]. Recent 

research also indicates that emotions are primarily 

communicated through facial expressions [9], which provide 

useful cues (smiles, chuckles, smirks, frowns, etc.) that are 

considered an essential part of our social interaction [10]. 

Few efforts have been done to link emotions to content-

based indexing and retrieval of multimedia [11].  
 

III.   OVERVIEW OF THE AICSRF FRAMEWORK 
 

We propose, hereby, a method of relevance feedback that 

makes the system automatically learn contextual semantic 

concepts using audio-visual context and then retrieves 

information under a selected context under which a user 

wants to retrieve the information. The system takes 

relevance judgments via user‘s affective feedback (spoken 

emotional word(s) and facial expressions) in a particular 

context. Audio and speech present in a query happens to be 

primary context. The system understands contextual 

relevance by taking affective feedback as an implicit source 

of evidence. The context is refined iteratively in this 

contextual relevance feedback process until user is satisfied 

with retrieved video result sets. The architecture of the 

proposed AICSRF framework and system workflow is being 

depicted in Figure 2. There are mainly four key components 

namely Audio-Visual Context Generator Recognition Unit 

(AVCRU), Emotion Recognition Unit (ERU), Contextual 

Semantic Relevance Feedback Unit (CSRFU) and 

Contextual Query Perfection Scheme (CQPS). The typical 

system output would be semantics of a visual content 

associated with set of contexts to which they are related and 

will be stored as contextual semantic database. User gives 

initial query in the form of a video clip to the system by 

using QBE. Audio and speech in a query clip are extracted 

and matched with the trained audio feature sets and speech 

feature sets DB stored in Contextual-seed Training Database 

discussed in my previous work [5]. The matched audio or 

speech becomes the audio context. The visual features in 

query clip is now matched with the corresponding trained 

visual feature sets of this matched audio context in 

Contextual Seed Training Database and becomes visual 

context. The audio-visual context recognized becomes the 

initial context under which user wants to retrieve the 

information from videos. This initial Audio-Visual feature 

sets formulate the initial query. In retrieval process, first the 

audio features set of this initial Audio-Visual context is 

matched with audio and speech features present in video 

from video repository then the retrieved video result sets are 

again searched for matching of the visual features set of the 

initial Audio-Visual context with the visual features present 
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in videos of retrieved video result sets. The final top rank 

videos are displayed in Browser. User opens some of the 

videos to see the desired contents. The ERU (that comprises 

of a 3D spatiotemporal Gabor filter to capture spontaneous 

facial expression by detecting motion in 3-dimention and 

emotional word recognition system that uses phonemes to 

recognize the spoken emotional words) discriminates the 

user‘s emotions, shown on open contents, into positive and 

negative emotion and provides the implicit relevance 

feedback to the system. The system categorizes these 

retrieved video result sets into positive (relevant) and 

negative (irrelevant) sample sets based on the positive and 

negative emotions. The Contextual Query Perfection 

Scheme takes these positive and negative sample sets and 

evaluates the contextual fitness of a semantic concept. The 

Contextual Query Perfection Scheme refines the Contextual 

Semantic Descriptor on the basis of relevance judgment 

taken by ERU via relevance feedback. These refined 

Contextual Semantic Descriptors are again used as new 

contexts to retrieve the video. The whole retrieval process is 

repeated until user is satisfied with retrieved information.  

The details description of Audio-Visual Context Generator 

Recognition Unit (AVCRU), Emotion Recognition Unit 

(ERU), Contextual Semantic Relevance Feedback Unit 

(CSRFU) and Contextual Query Perfection Scheme can be 

referred in my previous work [5]. 

 

 
        
 Fig. 2.  Proposed architecture of AICSRF framework. 

                                                                                              

A.   Contextual Semantic Relevance Feedback 
 

In RF machine learning algorithm is applied to learn the 

user‘s feedback then repeat the process until user satisfied 

with the results. The typical approaches in learning are ‗re-

weighting‘ [12], query-point-movement QPM [12,13] and 

SVM is often used to capture a query concepts by separating 

the relevant images from irrelevant images using hyper-

plane in projected space [12,14]. To circumvent the problem 

of semantic concept variability of user‘s perception in 

various contexts, the proposed RF system categorize the 

relevant and irrelevant contents by considering the 

contextual semantics. The proposed CSRF proceeds under 

the following steps: 

      Step 1:  The Audio-Visual Context Generator Recognition 

Unit recognizes the Contexts. The initial retrieved results are 

displayed in Browser by matching Audio-Visual features 

present in a query clip under a particular context to the 

Audio -Visual features present in the videos of the video 

repository under the same context.  

      Step 2:    To categorize the above results as whether and to 

what degree, they are relevant and irrelevant videos under 

context, ERU provides affective feedback by capturing 

emotions when a user opens videos to see the desired 

contents.      

      Step 3:    Contextual Query Perfection Scheme discussed in 

Section III-B, learns the contextual semantics and refines the 

context by  taking user‘s emotion as feedback, then  go back 

to step 2. Iterate loop of Step 2 and Step 3 until user satisfied 

with the results. 

 

B.  Contextual Query Perfection Scheme in AICSRF 

 

To evaluate the performance enhancement of query 

perfection scheme in AICSRF we are using two state-of-the-

arts algorithms for baseline algorithm. One of them is 

Rocchio‘s Algorithm [15] and second is scheme discussed in 

MindReader System [16]. We will compare the GMM based 

Contextual semantic descriptor integrated with CQPS 

algorithm discussed in section III-B3 for performance 

enhancement. Contextual Query Perfection Scheme uses 

these algorithms to improve the estimation of query point by 

moving it towards positive samples and away from the 

negative samples. Semantic meaning often changes with 

context. Single context or multiple contexts may be present 

in videos. As we have discussed the audio and speech are the 

Primary Contextual Semantic Descriptor, visual is the 

Secondary Contextual Semantic Descriptor and combination 

of these two context descriptor is the Joint Contextual 

Semantic Descriptor. The Contextual Query Perfection 

Scheme will evaluate the contextual fitness of semantic 

concept and refine audio-visual context on the basis of 

relevance judgment provides by ERU via relevance 

feedback. One of the most important and crucial step in 

CSRF is the third step that is machine learning algorithm to 

learn the contextual semantic and can refine the context by 

taking user emotions as feedback. The system dynamically 

learns the user‘s intention, and gradually present better 

search results. Query point movement and dynamically re-

weighting the feature weight embedded in query are two 

widely used approaches.  

 

Let PV
+
 = {Vi | i = 1,2,3,… },represent the set of  +ve 

videos samples namely Positive Video Bag and NU
-
 = {Uj | j 

= 1,2,3,…,  }, represent the set of -ve videos samples 

namely Negative Video Bag categorized by the system 

based on user‘s positive and negative emotion captured by 

ERU respectively. The system categorizes the Sub-Bag of 

+ve videos from the Positive Video Bag and Sub-Bag of –ve 

videos from the Negative Video Bag according to contexts 

present. The system identifies the videos V  (for some , 
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l   ) in PV
+ 

having context 
ic , and the set 

A Vic
 =  

{ V V
ic  , for some , l   } with  

A Vic
 =  n (say)   that represents the set of +ve videos 

samples under context 
ic . The | . | denotes the cardinality of 

set i.e. the number of elements in set.  The system also 

identifies the videos Ut  (for some t , l t   ) in NU
-
 

having context 
ic , and the set B Ui tc

 = { U U
i

t t

c  , for 

some t , l t   } with B Ui tc
 = m (say)   represents 

the set of -ve videos samples under context 
ic . The context 

ic  may be primary context denoted by p

ic  or may be 

secondary context denoted by
s

ic . In case of single distinct 

context identified, all the +ve videos in the set PV
+  

and all 

the –ve videos in the set NU
-  

would be used in finding 

similarity measure based on either shortest Euclidean 

distance or highest Gaussian probability measure. The 

context refinement target would be to maximize the visual 

feature sets similarity for the relevant samples, i.e. +ve video 

samples, and the same time to minimize the visual feature 

sets similarity for irrelevant, i.e. –ve video samples.  We 

modify these algorithms as follows: 
 

1) Contextual Query Perfection Scheme A (CQPSA) 
 

This scheme is based on method discussed in ―MindReader 

System‖ [16] for relevance feedback. It improves the 

estimation of the query point by moving it towards the 

positive samples from the new query. We have modified and 

applied it to work under context and the optimal query 

vector can be adaptively approached as follows:  

Let  be the number of positive videos and let  

V V1
V [ ,..., ]

i

T

c c ci i
d

  be a d-dimensional vector that 

represents i
th

 –video ( 1,..., ) under context 
ic . 

Let icX  denotes an 
 

d  matrix 

[ ,..., ]V V
i

T

c c ci iX


 .
 Vector 

1[ ,..., ]
i

T

c c ci i
V VV   

represents the degree of relevance for the  relevant images 

given by the user under some context ic   

The distance function is given by    

( ,q)= M( -q)q( - )V VV
i ii

T
c ccD              ( 1)   

The optimal solution to q and M   are as follows 

1

ii

i

cc
q VX

V








    

, 
1

1
M=(det(C)) Cd

                                          (2) 

Where C is the weighted covariance matrix, whose elements 

are computes in the following way: 

1

( )( )C i

mn n mn m

c q qV V V




          (3) 

The optimal query q in (2) turns out to be the weighted 

average of the relevant images under context. The 

symmetric full matrix M enables the system to estimate 

diagonal queries under certain context. 
 

2)  Contextual Query Perfection Scheme B (CQPSB) 
 

This scheme is based on Rocchio‘s formula[15] for 

relevance feedback. It improves the estimation of the query 

point by moving it towards the positive samples away from 

negative samples. The optimal query vector can be 

adaptively approached by Rocchio‘s formula 

''

1 1
( ) ( )Q Qnew old ' '

R NNR

i i
i iN N

D D
D D

     

 

      (4)                            

   Where 
oldQ  and  Qnew

 are the original and updated 

query, respectively, 
'

RD   and   
'

ND  are the positive and 

negative samples returned by the user, 'N R
 and  'N N

 are 

the number of samples in 
'

RD   and   
'

ND , respectively, and 

 ,  ,  are selected constants.  Our proposed Contextual 

Query Perfection Scheme A is modified version of rocchio‘s 

formula to estimate the query point by moving it towards the 

positive samples away from negative samples under a 

particular context hence new formula for optimal query 

vector under context is now given by 

  

' '' '

1 1
( ) ( )i i i i

i ic ci i

R N

i inew old
i i

D D

D D

c c c c
c c
R N

Q Q
N N

 
 

   
   (5) 

        Where i

old

cQ  and  i

new

cQ  are the original and updated 

query, respectively, '
i

RD
c   and   '

i

ND
c  are the positive and 

negative samples returned by the user under context 
ic , 

'

i

RN
c  and 

'

i

NN
c   are the number of samples in '

i

RD
c   and   

'
i

ND
c , respectively, and  ,  ,  are selected constants. In 

our proposed work  ,  ,   all are having value 1. The 

values of  '
i

RD
c   and   '

i

ND
c  are as  '

i

RD
c = 

A Vic
 =  n 

(say)  that represents the set of +ve videos samples under 

context 
ic  that is V

ic  and '
i

ND
c = 

B Ui tc
 = m (say)

 
 

represent the set of -ve videos samples under context 
ic that 

is U
i

t

c  .
 
 

 

3)   Contextual Query Perfection Scheme integrated with 

GMM based Contextual Semantic Descriptor (CQPSGMM)   
 

We consider a semantic concept as a class conditional 

probability density function over a feature space under a 

selected context. The true class conditional densities are not 

available, so assumptions must be made as to their type and 

parameters estimated during training data. A GMM [17] 

model is a type of probability density model which comprise 

of a Gaussian component function. A Mixture of M 
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Gaussians having an n-dimensional observation vectors x  is 

given as: 

 
M

MM

M

M

T
11M ( ( (x- )1 x- )2

(x|M)= .
1 eM=1 22

2

P
n

 



 






       (6 )  

Where 
M

 is an n-dimensional vector,
M

is an n x n matrix, 

M
is the mixing parameter satisfying 

M
1

M

M=1



. To reduce 

the classification time during relevance feedback, the 

estimation of Gaussian components and its parameters in 

GMM, we adopted the image retrieval method based on a set 

of coverings proposed in paper [18]. A covering in our 

scheme is a hyper sphere which contains as many positive 

samples as possible away from negative examples. The idea 

is to use the number of coverings as the estimate of the 

number of Gaussian components. let 

}{V V1
V ,...,

ic c ci i
d

 that represents set of positive 

videos ( 1,..., ) in PV
+
 under context 

ic . And let 

}{U U1
U ,...,

i

t

c c ci i
tdt

 that represents set of negative 

videos ( 1,..., ) in NU
-
 under context 

ic . The aim is to 

find a set of coverings 

  { , ), 1, ..., M}(s s R
m

mm

c ci ici
   where, 

S

ci

m
 and 

R

ci

m
 is the 

center and radius of the m-th coverings. The maximum 

distance dmax between
V 1

ci
 and 

V ic , the minimal distance dmin 

between 
U 1

ci
t

 and  
U i

t

c are calculated as: 

max ( , ),
d v v vmax v

ic c ci i i
D

i j jj

c
   ( 9)                

min ( , ),
d v U U Umin

i

t

c c c ci i i
D

i tj tjj
           (7) 

  The radius of coverings can be calculated as 

( ) / 2, if 
max min min maxd d d dr

 
  

and .
min

r
d

 , 0 1   otherwise.  The mean vector of 

each Gaussian component is as 

m1 V
, m=1,...,M

xm 1

V

ci

iici



      (8)  

We assume that all dimensions of feature vectors are 

independent to each other so that covariance matrix 
m

is 

simplified to a diagonal matrix. Estimation of the covariance 

matrix is as follows: 

2
m 1

( )( )x

s
V

cjj c iji ji


 



       (9) 

We use this method for the estimation of Gaussian 

components and its parameters in GMM that will provide 

Primary Contextual Semantic Descriptor, Secondary 

Contextual Semantic Descriptor and Joint Contextual 

Semantic Descriptor. These Context Descriptors are refined 

in relevance feedback by Contextual Query Perfection 

scheme and again used to retrieve the videos.  
             

IV.     EXPERIMENTAL SETUP, RESULTS AND 

DISCUSSION 
 

We started from collection of the development dataset for 

video repository. The video repository contains a large 

number of videos provided by open-video project
 
[19]. The 

video collection includes TRECVID 2001 and TRECVID 

2002 videos datasets containing NASA Educational, 

Historical, Ephemeral, Miscellaneous, Internet Moving 

Archive, National Archive, Stillmans Fire Collections, 

Informedia project at Carnegie Mellon University categories 

downloaded manually. We have also obtained video 

database CC_WEB_VIDEO comprise of duplicate and near 

duplicate videos provided by Video Retrieval Group 

(VIREO) city of Hong Kong and Informedia Group from 

Carnegie Mellon University [20]. Silent category videos was 

also downloaded from open-video project website to study 

the effect of occurrence of Secondary context in contextual 

semantic retrieval. Video repository also includes lecture 

videos downloaded from Internet, videos from Discovery 

channel, Planet Animal channel, news videos captured from 

CNN, MSNBC. The development dataset of videos in video 

repository used in this experiment contain 3892 videos. 

Affective Profile training database was prepared during 

enrollment of users. User utters a list of emotional words. 

During this utterance of emotional words facial expression is 

also captured by webcam with built in microphone. Each 

emotional word is uttered 10 times. Audio signal was 

separated from video of face and stored in .wav sound file. 

Facial expression video was stored in .avi format. Thus 10 

audio and 10 video files are stored for each user in their 

affective profile training dataset. Video repository, user 

affective profile database and contextual seed training 

database was stored in server running MATLAB and MSP 

(MATLAB Server Page). All client computers having 2.53 

GHz processor, 2GB RAM equipped with web-cam and 

built in microphone to capture emotional words and facial 

expression during video retrieval process. We evaluated our 

AICSRF framework introduced in Section III. ERU unit 

captures emotions shown on contents, and discriminates a 

user‘s emotion into positive and negative emotion. The 

system categorizes the retrieved video result sets into 

positive and negative sample sets based on positive and 

negative emotion recognized by ERU. The system again 

categorizes the positive and negative sample sets into Sub-

Bag of positive videos and Sub-Bag of negative videos 

according to the contexts present in the query clip. At every 

feedback round the system‘s Contextual Query Perfection 

Scheme estimate the new query point and retrieve the 

videos. We followed each relevance feedback session for 5 

iterations and measured the precision, recall and average 

retrieval time. The proposed Contextual Perfection Scheme 

CQPSGMM integrated with GMM based Contextual 

Semantic Descriptor in AICSRF framework was tested first 

without considering Contextual Semantic Descriptor, 

secondly considering Primary Contextual Descriptor (audio) 

only, thirdly considering Secondary contextual Semantic 

Descriptor (visual) only and finally considering Joint 

Contextual Semantic Descriptor (audio + visual). We built 
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precision vs. iteration diagram for performance evaluation. 

The precision of our proposed scheme, which combines 

audio, speech and visual as Joint Contextual Semantic 

Descriptor, is shown in Figure 3. In specific, it improves the 

precision from 58% to 86% for our proposed scheme that 

uses joint context in comparison to secondary context 

(visual) only. The addition of the audio, speech with visual 

stabilizes the semantic fluctuation associated with visual 

context based retrieval, which are mainly caused by the 

inaccurate classification and ambiguity in semantics under a 

context, that is, the difference between the highest and 

lowest precision is 24% and 32% for our proposed scheme 

(joint context based) and secondary context (visual) based 

scheme respectively. We also studied the effect of context 

on retrieval time and search space.  We measured the 

retrieval time vs. iteration and built retrieval time vs. 

iteration diagram that is shown in Figure 4. In specific, the 

shortest vs. longest retrieval time is 0.52 minutes against 

1.68 minutes. However, the corresponding precision is 86% 

and 65%. Our proposed scheme takes about 6.45 minutes 

retrieval time in five iterations and yields 86% precision in 

contextual semantic understanding. We found that joint use 

of audio and visual as context signature had taken less 

retrieval time in giving the video result sets according to 

user‘s interest. This validates our proposed scheme and best 

compromises in terms of precision and efficiency for 

retrieval of video according to a user interest from large 

video repository. 

 
 
 
Fig. 3. Precision comparison on considering Primary Contextual Semantic 

Descriptor only, Secondary Contextual Semantic Descriptor only, Joint 

Contextual Semantic Descriptor only and without Contextual Semantic 
Descriptor.   

 
 

 

 
Fig. 4. Retrieval time considering considering Primary Contextual Semantic 

Descriptor only, Secondary Contextual Semantic Descriptor only, Joint 

Contextual Semantic Descriptor only and without Contextual Semantic 
Descriptor. 

A. Comparative Study of the GMM based Contextual 

Semantic Descriptor in Contextual Query Perfection 

schemes in AICSRF  
 

To show the effectiveness of the Contextual Query 

Perfection Scheme, we have simulated user‘s emotional 

feedback and evaluated our AICSRF as follows. For a query 

video clip, in each iteration, the system categorizes the 

emotions of a user by ERU and examines top 20 videos that 

are more similar to the optimal query. We evaluated the 

performance enhancement of Contextual Query Perfection 

Scheme in AICSRF in term of Precision, Recall and 

Accuracy by applying the GMM based contextual semantic 

descriptors (Primary Contextual Semantic Descriptor, 

Secondary Contextual Semantic Descriptor and Joint 

Contextual Semantic Descriptor) and also compared the 

retrieval performance in terms of precision, recall with 

baseline algorithms CQPSA classifier and CQPSB discussed 

in Section III-B1 and Section III-B2, respectively. For the 

purpose, we have taken 1000 videos as training set, 750 

videos as validation set and rest 1942 videos for testing set. 

We applied these classifiers algorithms for query perfection 

in AICSRF framework and to recognize the current context 

of a query. The Contextual Query Perfection Scheme 

CQPSA uses only positive video samples for the estimation 

of query point in next iteration while Contextual Query 

Perfection Scheme CQPSB uses both positive videos and 

negative videos samples for the purpose. The proposed 

contextual query perfection algorithm CQPSGMM 

discussed in Section III-B3 uses both positive and negative 

videos for the recognition of current Contextual Semantic 

Descriptor to estimate the query point movement. The 

Precision and Retrieval time of three schemes are compared 

and shown in Figure 5, and Figure 6, respectively. The 

results show that, after five iterations of feedback, the 

Precision of Contextual Query Perfection Scheme 

CQPSGMM is highest than that of other two Contextual 

Query Perfection Scheme CQPSB and CQPSA, i.e., 86%, 

82% and 64%, respectively. The superiority of Contextual 

Query Perfection Scheme CQPSGMM over CQPSB and 

CQPSA is probably due to more discriminating power of 

Contextual Query Perfection Scheme CQPSGMM to 

identify and learn the context of a user query that reduces 

the search space. Due to reduced search space in next 

iteration Contextual Query Perfection Scheme CQPSGMM 

takes less retrieval time in compare to Contextual Query 

Perfection Scheme CQPSB and CQPSA that are 0.42 

minutes, 0.51 minutes, 1.51 minutes respectively. We 

measured the accuracy, precision and recall of video 

retrieval for each case. The results are shown in Table I. 

Thus, observations suggest that GMM based Contextual 

Semantic descriptor in contextual semantic perfection unit 

not only improve the system‘s contextual understanding 

hence increased performance in term of precision but also 

reduces  the retrieval time due to reduction in search space.      
TABLE I  

Performance comparison of Contextual Query Perfection Scheme. 
Contextual Query 

Perfection Scheme in 

AICSRF 

Accuracy 

(%) 

Precision 

(%) 

Recall (%) 

CQPSGMM WITH 

AICSRF 

86.6 86.1 84.5 

CQPSB WITH 

AICSRF 

82.6 82.4 81.3 

CQPSA WITH 

AIECSRF 

64.6 64.2 58.4 

No. of iterations 

No. of iterations 
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Fig 5.  Precision results of Contextual Query Perfection Scheme CQPSA, 
CQPSB and CQPSGMM in AICSRF. 

 

 
 
 

 

Fig  6.  Retrieval time comparison of Contextual Query Perfection Scheme 
CQPSA, CQPSB and CQPSGMM in AICSRF. 

     
V.     CONCLUSION AND FUTURE DIRECTIONS 

 

In this paper, we have proposed Contextual Query 

Perfection Scheme integrated with GMM based Contextual 

Semantic Descriptor to learn, refine the current context that 

could be used in query perfection in RF cycle to understand 

the semantic of query in following iteration. We have 

introduced the GMM based Contextual Semantic Descriptor 

to enhance the performance of Contextual Query Perfection 

as well as to reduce the ambiguities in semantics under 

multiple contexts. As shown by experimental evaluation 

performed on a large video repository, the use of GMM 

based Contextual Semantic descriptors in Contextual Query 

Perfection in AICSRF framework contributed a significant 

improvement in contextual semantic understanding of the 

system as well as enhancement of performance in term of 

precision and recall. The system is working fine but still 

requires a technique that can discriminate emotions more 

precisely so that framework can learn, refine, discriminate 

the current context in the user query hence can reduce the 

search space and retrieval time with high precision. Another 

companion work of ours‘ will demonstrate the study of the 

effect of addition of discriminating power of classifier 

algorithm along with AICSRF on the retrieval performance 

and further study the effect of increasing the Affective 

Features in identifying, learning, refining and discriminating 

emotions more precisely on overall retrieval performance.  
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Abstract: In this work, we focused on the analysis of the motif discovery algorithm based on weight 
matrices at genome level. For this, we selected experimentally reported 11 PurR transcription factor 
binding regularity promoters of E.Coli as reference data and developed weight matrices through 
available tools e.g. Consensus, D- Matrix, MEME, AlignACE and then compared the prediction 
accuracy with available matrix regulonDB database. For statistical validation sensitivity, specificity, 
false positive ratio and prediction accuracy were calculated as threshold dependent parameters and 
area under curve plots as threshold independent parameter. We conclude that weight matrix made by 
consensus tool showed higher accuracy (99%) and best fitted ROC area (98%).   
 
Keywords: ROC, AlignACE, MEME, D-Matrix and Consensus. 
 
1. Introduction 
In this work we study on   evaluation of prediction 
performance of various DNA motif discovery 
tools based on weight matrices as input query data 
to scan whole genome for conserved motifs. For 
this, we retrieved known PurR regulated 
promoters of E. coli for benchmarking study and 
derived different weight matrices through publicly 
available web tools such as RegulonDB, 
AlignACE, MEME, D-Matrix and Consensus 
(RSAT). Here PurR weight matrix of RegulonDB 
was used as reference matrix. First predictions 
were validated on reference data set by using 
reference matrix (RegulonDB) and then all 
parameters were fixed uniform for rest of 
matrices. Later genome wide PurR binding sites 
were predicted in E. coli genome with the help of 
different matrices through Patser (RSAT) pattern 
matching tool. The prediction performances of 
matrices have been evaluated by statistically and 
validated through ROC analysis. Finally, we 
concluded that true positive prediction 
performance depends on the optimum cut-off 
score. Our study showed that for E. coli, the cut-
off score should be optimum e.g. 6 and non-
coding gene upstream sequence should be less 
than -400 bp. The expression of mostly eleven 
genes are reported to be positively regulated by 
the product of PurR gene (PurR), which activates 
transcription by binding to an 17 bp consensus 
Pur-box sequence found upstream of the regulated 
genes. For evaluation purpose, prediction accuracy 
of all tools were tested on two levels e.g., 
specificity, sensitivity, false positive ratio and 

prediction accuracy as threshold dependent 
parameters, and relative operative curve (ROC) 
plot analysis for calculation of fitted area under 
curve (Aroc) and optimum cut-off values as 
threshold independent parameters.  
For this, we first evaluated the prediction accuracy 
of all matrices on E. coli known promoters as test 
data set (both true positive & true negative) 
through PurR matrices derived through different 
motif discovery tools viz. (i) RegulonDB PurR 
weight matrix (reference matrix), (ii) AlignACE, 
(iii) MEME (Lawrence C.E. et al., 1990), (iv) D-
Matrix (Sen et al., 2009) and (v) Consensus 
(RSAT) (Van Helden et al., 2000). Secondly, 
prediction performance was evaluated statistically 
and later correlated in terms of ROC plots. We 
concluded that both prediction accuracy and area 
under curve was found maximum for Consensus 
matrix at cut-off '6' on 962 known E. coli 
promoters 
 
2.  MATERIALS AND METHOD 
 
2.1. Selection of promoter data set 
A data set of known 11 promoters of E.coli were 
used to derived Pur-box matrix. However, 
information of experimentally known motifs for 
PurR transcription factor and promoter sequences 
were compiled from both biological literature, 
RegulonDB (a database of transcriptional 
regulation and operon organization in E. coli) 
(Salgado et al., 2004) and GenBank database at 
NCBI server (Benson et al., 1994).  
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2.2. PurR Transcription Factor and their binding 
sites in E. coli 
We collected experimental data of PurR factor, for 
which binding site patterns have been determined 
in E. coli and available at RegulonDB database. 
PurR is the main repressor.  
 
2.3. Selection of Test data set for theoretical 
validation of weight matrices  
A positive data set of 11 known promoters and 
negative test data set of 951 known promoters of 
E. coli were used for statistical evaluation (Table 
1) and assessment of prediction performances by 
different motif discovery tools through newly 
derived PurR weight matrices for Pur-box DNA 
motifs.  
 
2.4. Construction of weight matrix 
A data set of 11 promoters was used for 
construction of new PurR weight matrix through 
programs viz. ALIGN_ACE (GIBBS SAMPLER), 
MEME, D-MATRIX and CONSENSUS (RSAT). 
Later, 16 bp conserved patterns of the aligned 
sequences were converted into a table of base 
frequencies from which the position specific 
weights were calculated according to Consensus 
algorithm (Van Helden et al., 2000) in the form of 
weight scores. Their binding affinity was then 
evaluated and compared with the existing known 
PurR weight matrix of E. coli at RegulonDB 
database, so that to set the parameters at optimum 
level for rest of the matrices. The motif discovery 
programs were configured to detect one or two 
instances of the same pattern in a single strand of 
input sequence. The width was kept constant at 16 
bp. The program calculates for each pattern a 
weight score value, which is the probability of the 
pattern compared with a background model. 
Because the weight score value is positively 
correlated with the number of sequences that 
contribute to the patterns (Wasserman Wyeth et al. 
2004), an average value, obtained by dividing the 
total value by the number of sequences that 
contributed to the pattern, was used to evaluate the 
significance of the pattern. To obtain the most 
significant pattern from an input data set 
sequences, the algorithm runs multiple times and 
the pattern with the highest weight score was 
retained (Table 1).  

3. Statistical Parameters used for Evaluation 
Genome wide DNA motif prediction through 
weight matrices based tools were evaluated by 
both threshold dependent and independent 
parameters, so that to compared the prediction 
performance of various weight matrices on similar 
data type and parameters at genomic level. 
Threshold (or cut-off) dependent parameters used 
were sensitivity, specificity, false positive ratio 
and prediction accuracy. While threshold 
independent parameter used was receiver operator 
characteristic (ROC) plot analysis (Bradley A.P., 
1997). Here, ROC was used to establish optimal 
threshold and to identify cut-off parameters that 
best predict true positive hits. ROC curves were 
generated by plotting the sensitivity for predicted 
true positives versus one minus the specificity (1-
Sp) for predicted false positives ratio, calculated at 
different weight score thresholds such as from 0 to 
17. In a ROC plot, curves that come closest to the 
ideal values of 100% sensitivity and 100% 
specificity (Figure 1, 2) (top left corner of ROC 
graph) provide the best combination of sensitivity 
and specificity (assuming equal importance of 
each) and optimal threshold was typically selected 
from points near the breaks in the curves (i.e. '6' in 
the present case study).  
The prediction performance measurements used 
are defined as follows: 
 
3.1. Threshold dependent parameters:  
Sensitivity (Sn) = TP / (TP + FN)   
Specificity (Sp) = TN / (TN + FP)   
False positive ratio = (1 - Sp)     
Accuracy= (TP+TN)/ (TP+FN+TN+FP) 
 
3.2. Threshold independent parameters: 
 ROC curve analysis provides the area under curve 
(Aroc) measure by integration of the function SE 
= f(1-SP) for various thresholds. 
Aroc=0.50 random prediction 
Aroc>0.80 moderate accuracy 
Aroc> 0.90 high accuracy 
 
Where TP is the number of true positives, TN is 
the number of true negatives, FP the number of 
false positives and FN is the number of false 
negatives.  
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4. Receiver Operating Characteristics Curves 
(ROC) Analysis 
The construction of ROC and calculation of fitted 
ROC plots areas were done by web based 
calculator for ROC curves (Eng J. et al., 2006,). 
Measurement of prediction quality was done 
through ROC curves for the analysis of true 
positive and true negative data set. Fitted ROC 
graphs were plotted for RegulonDB-Pur-box 
reference weight matrix and then compared with 
weight matrices of AlignACE, MEME, D-Matrix 
and Consensus (Figure 1, 2). 
 
5. RESULTS & DISCUSSION 
In the studied benchmark study, the idea is to see 
the affect of different weight matrices on 
prediction accuracy on genome wide data. 
Presently there are number of motif discovery 
tools available for researchers on public domain 
freely e.g. RSAT, PossumSearch suite or 
commercially e.g., Genomatix suite. No doubt, 
numbers of comparative studies have been 
performed successfully on different motif 
discovery tools to assess the prediction accuracy, 
but at the same time each tool has its own 
limitation such as use of different input parameters 
are not allowed similar in all tools, input data size 
limitation, use of aligned or unaligned 
motifs/patterns, use of motif width or some 
required range of width, number of times motif 
present in each query sequence, use of input data 
like using either direct pattern or 
signature/consensus sequence and some uses 
weight matrices etc. Besides, different tools use 
diverse algorithms for motif prediction. Therefore 
it is very difficult to analyze all the motif 
discovery tools at common platform and 
parameters. At the same time, promising efforts 
have been made by the researchers during 
evaluation of different motif discovery tools 
(Tompa et al., 2005).  
 
6. Weight matrix construction tools & 
limitations 
A number of weight matrix developing tools are 
available like MEME, AlignACE, MotifSampler, 
Consensus (RSAT), D-Matrix and many more but 
very limited tools for weight matrix based motif 
searching or scanning purpose e.g., Patser at 

RSAT server and PossumSearch package (in 
Linux system). However, MEME, AlignACE, 
MotifSampler and Consensus tools construct the 
weight matrix with the help of input sequences 
and return the discovered conserved motifs or 
patterns. But at the same time, these tools cannot 
be applicable for other query sequences like whole 
genome data given by user or random genomic 
sequences for motif prediction through matrix 
based scanning. Only RSAT suite has both the 
tools, like Consensus or Gibbs tools for weight 
matrix generation and Patser program for pattern 
matching based on derived weight matrix. 
Keeping these limitations in mind, we designed 
five types of weight matrices through five 
different web tools and analyzed these matrices on 
E. coli whole genome known promoter sequences 
data for conserved motif discovery through 
Patser_RSAT program at uniform parameters and 
cut-offs (thresholds).  
 
7.  Performance measurements 
In the studied work, two types of performance 
measurements were used to assess the prediction 
accuracies: (i) Threshold dependent and (ii) 
Threshold independent. Firstly, for threshold 
dependent studies sensitivity (Sn), Specificity 
(Sp), false positive (FP) ratio & overall prediction 
accuracy parameters were calculated and than 
compared at different cut-offs. Results showed 
that sensitivity decreases from optimal value i.e. 
91% while increasing threshold value 
corresponding to all the studied matrices. 
However, specificity reaches maximum i.e., 
100%, while increasing the cutoff values. On the 
other hand, false positive ratio decreases while 
increasing the cutoff. Results indicate that 
prediction accuracy depends on cutoff 
significantly, therefore for comparative study of 
all the matrices optimum cut-off should be 
analyzed properly. For this, we calculated 
quantitative data of all the three threshold 
dependent parameter i.e., Sn, Sp, FP ratio and 
prediction accuracy. Quantitative data revealed 
that threshold value '6' was optimum in 
comparison to other cutoff, because at this 
threshold all the matrices for same binding sites 
show maximum Sn, Sp and prediction accuracy, 
and minimum FP ratio. On the basis of prediction 
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accuracy at this optimum threshold, it seems that 
consensus weight matrix showed significantly best 
performance in compare to others. 
Consensus_matrix performance followed by 
regulonDB_matrix (reference matrix), AlignACE, 
MEME and D-Matrix respectively. 
Secondly, on the basis of threshold independent 
prediction performance evaluation results showed 
that ROC area under curve fitted for all the 
matrices varies from 0.8 to 0.9. ROC curve 
analysis provides the area under curve (Aroc) 
measure by integration of the function SE = P (1 - 
Sp) for various thresholds. On comparison of Aroc 
data of each matrix, consensus and D-matrix tool 
based derived weight matrix showed maximum 
fitted area under curve i.e., 0.988 followed by 
RegulonDB with Aroc 0.986, AlignACE with 
Aroc 0.955, and MEME with Aroc 0.963. Thus 
these findings are consistent with that of threshold 
dependent statistical analysis except D-Matrix 
results.  
This study indicates that the reliability of the 
matrices may be seriously limited by the training 
data set and cut-off (threshold) parameters; 
therefore updation and modification of established 
weight matrix is required time to time, so that to 
incorporate more information of recently 
discovered binding sites and thus increases the 
prediction accuracy of different matrices due to 
more diverse data within same matrix.  
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Test 
data 

Experimental 
data 

PurR Matrix Prediction performance 

True 
Positive 
Set 

11 known 
E.coli 
promoters 
with known 
PurR TF 
binding site 
 
 

RegulonDB 
(E.coli)  
 (w=16) 

 Score 
Cut-off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
TP 10 10 10 10 10 10 10 10 10 10 10 9 9 8 7 3 2 0 
Sn 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 .82 .82 .73 .62 .27 .18 0 
FN 1 1 1 1 1 1 1 1 1 1 1 2 2 3 4 8 9 11 

AlignACE 
(w=16)  
 

TP 9 9 9 9 9 9 9 9 8 8 6 4 3 2 2 0 0 0 
Sn .82 .82 .82 .82 .82 .82 .82 .82 .73 .73 .55 .36 .27 .18 .18 0 0 0 
FN 2 2 2 2 2 2 2 2 3 3 5 7 8 9 9 11 11 11 

MEME  
 (w=16) 

TP 9 9 9 9 9 9 8 7 7 7 7 7 7 7 7 6 4 3 
Sn .82 .82 .82 .82 .82 .82 .73 .64 .64 .64 .64 .64 .64 .64 .64 .55 .36 .4 
FN 2 2 2 2 2 2 3 4 4 4 4 4 4 4 4 5 7 8 

D-Matrix 
 (w=16) 

TP 9 9 9 9 9 9 8 7 3 0 0 0 0 0 0 0 0 0 
Sn .82 .82 .82 .82 .82 .82 .73 .64 .4 0 0 0 0 0 0 0 0 0 
FN 2 2 2 2 2 2 3 4 8 11 11 11 11 11 11 11 11 11 

CONSENSUS 
 (w=16) 

TP 9 9 9 9 9 9 9 8 7 6 4 3 2 0 0 0 0 0 
Sn .82 .82 .82 .82 .82 .82 .82 .73 .64 .55 .36 .4 .18 0 0 0 0 0 
FN 2 2 2 2 2 2 2 3 4 5 7 8 9 11 11 11 11 11 

True 
Negative 
Set 

951 Known 
promoters 
(E.coli)  
without PurR 
binding site 
 

RegulonDB 
(E.coli)  
 (w=16) 

TN 710 789 842 883 911 923 929 934 936 939 940 941 942 943 951 951 951 951 
Sp .75 .83 .89 .93 .96 .97 .98 .98 .98 .99 .99 .99 .99 .99 1 1 1 1 
FP 241 162 109 68 40 28 22 17 15 12 11 10 9 8 0 0 0 0 
FP ratio .25 .17 .11 .07 .06 .03 .02 .02 .02 .01 .01 .01 .01 .01 0 0 0 0 
Accuracy .748 .830 .885 .928 .957 .969 .976 .981 .983 .986 .987 .987 .987 .988 .995 .991 .992 .988 

AlignACE 
(w=16)  
 

TN 772 835 872 901 916 923 933 939 940 942 942 944 945 946 951 951 951 951 
Sp .81 .89 .92 .95 .96 .97 .98 .98 .98 .99 .99 .99 .99 .99 1 1 1 1 
FP 179 116 79 50 35 23 18 12 11 9 9 7 6 5 0 0 0 0 
FP ratio .19 .11 .08 .05 .04 .03 .02 .02 .02 .01 .01 .01 .01 .01 0 0 0 0 
Accuracy .881 .877 .915 .945 .961 .968 .979 .983 .985 .987 .985 .985 .985 .985 .999 .988 .988 .988 

MEME  
 (w=16) 

TN 740 801 857 895 917 923 931 936 943 943 943 943 943 943 951 951 951 951 
Sp .78 .84 .90 .94 .96 .96 .98 .98 .99 .99 .99 .99 .99 .99 1 1 1 1 
FP 211 150 94 56 34  28 20     15 8 8 8 8 8 8 0 0 0 0 
FP ratio .22 .16 .10 .06 .04 .04 .02 .02 .01 .01 .01 .01 .01 .01 0 0 0 0 
Accuracy .778 .841 .900 .939 .962 .967 .976 .980 .987 .987 .987 .987 .987 .987 .995 .995 .992 .991 

D-Matrix 
 (w=16) 

TN 3 47 200 478 735 871 925 941 948 951 951 951 951 951 951 951 951 951 
Sp .00 .01 .21 .50 .77 .92 .97 .99 .99 1 1 1 1 1 1 1 1 1 
FP 948 904 751 473 216 80 26 10 3 0 0 0 0 0 0 0 0 0 
FP ratio 1 .99 .79 .50 .33 .08 .03 .01 .01 0 0 0 0 0 0 0 0 0 
Accuracy .012 .058 .217 .506 .773 .914 .969 .985 .988 .988 .988 .988 .988 .988 .988 .988 .988 .988 

Consensus 
Matrix 
(w=16) 

TN 785 845 877 910 928 939 945 945 949 949 949 949 949 951 951 951 951 951 
Sp .83 .89 .92 .96 .98 .99 .99 .99 .99 .99 .99 .99 .99 1 1 1 1 1 
FP 166 106 74 41 23 12 6 6 2 2 2 2 2 0 0 0 0 0 
FP ratio .17 .11 .08 .04 .02 .01 .01 .01 .01 .01 .01 .01 .01 0 0 0 0 0 
Accuracy .825 .887 .920 .955 .974 .985 .991 .990 .993 .992 .990 .989 .988 .988 .988 .988 .988 .988 

 
Table 1. Statistical evaluation of prediction performances through different weight matrices on the basis of threshold dependent parameters. 
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Measurement of prediction quality through ROC curve 
plots. Graphs showing significant fitted ROC plot area of 
(i) RegulonDB, (ii) AlignACE, (iii) MEME, (iv) D-Matrix 
and (v) Consensus weight matrices. 

 

 
Figure 1(i) 

 
Figure 1(ii) 

  
Figure 1(iii) 

 
Figure 1(iv) 
 

 
Figure 1(v) 
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Figure 2 
Graphical representation of empirical relationship 
between sensitivity & false positive ratio (1-specificity). 
Here each point of the curve belongs to lower cut off 
value ranges from 0 to 17. Pur-box weight matrix  
Comparative plot of all matrices i.e. (RegulonDB, 
AlignACE, MEME, D-Matrix, Consensus)  
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Abstract- The complexity measure for the software source code has a vital task. Many traditional and modern 

methodologies have been deployed in these aspects. An attempt of another type of complexity measure for source 

code has been done by using the basic control structures inside the source code. The perfective maintenance type has 

been chosen in this paper so that the result has been analysed before and after the perfective maintenance for 

assumed open source code application. These results will helps to assess and estimate the complexity of change in a 

particular method, particular class and particular file with their effect to other set of methods, classes, and files 

(clusters). This knowledge can be deployed for adaptive maintenance in which a method or class or file are being 

changed or replaced.  

 

Keywords- Source code, Perfective software maintenance, cognitive complexity 

 

1. Introduction 

Software maintenance is the recurring process of any software product during its life cycle. When a scratch of the 

new software products comes into the human mind, the maintenance aspects should also comes with its significance. 

As we know that any new software products goes from the different level of software product life cycle and each 

stage of cycle has its own importance and role. Our opinion is that maintenance is required at each stage of the 

cycle. There are many ideas and definition for the software maintenance as according to the IEEE definition, is a 

modification of a software product after delivery in order to correct faults, to improve performance or other 

attributes, to adapt a product to a changed environment, or to improve the product maintainability [1]. In this paper 

we have considered the one of the type of software maintenance is perfective software maintenance. The concepts of 

basic control structure used source code have been used to measure the cognitive complexity measure of the source 

code. The graphical comparative view have been shown before and after the perfective software maintenance. 

 

2. Problem Description 
In this section, we have discussed about the actual problem in context of this paper. A perfective maintenance aspect has been 

considered along with the cognitive and complexity measures. In this paper, we have taken the program 

comprehension of source code program CAccessRepots, which have been used by Y. Kanellopoulos et al. (2004) 

and are available as open source. It is a small-medium size program with 8souce code file which includes 59 classes 

and 2866 methods and around 1614 parameters in total. The different types of complexity and cognitive matrix have 

been computed before and after the perfective maintenance. The perfective maintenance deals with the user 

requirement i.e. the kind of enhancement in project. In this context, we have added two new cpp file and header file 

for the purpose of to generate the output CAccessreports in XML format. For this we have added some new method 

as well as new variables and also use the existing source code file, methods. The comparative view of complexity 

before and after the maintenance has been discussed. 
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2.1 Perfective maintenance methodology 

 

In this section, the actual work flow of perfective maintenance has been described in this paper. We have collected 

an open source code project in this context. The source code comprehension provides the data about files, classes, 

methods, method types and other information about the project. After getting this valuable information, the different 

data mining methods have been applied to get very significant results. The methodology used for perfective 

maintenance is as follows: 

 

User Requirement: There is user requirement to view the reports in XML format.  

Process for perfective maintenance and Complexity Measure 

The two new files have been added as per the user requirement. One is a cpp file and another is the corresponding header file. 

The new as well as existing methods and variables has been used in these files. The complexities and cognitive complexity 

matrix has been further computed after the perfective maintenance that can be used for the effort computation.  

 

 

We have added two new files as ‘CAccessReportsm.cpp’ and ‘CAccessReportxm.h’ for the purpose of perfective 

maintenance. The reused class, methods other parameters of the existing source code as well as new classes and 

methods that has been used for each files is shown in Figure 1.1. The system or class effort for adaptive maintenance 

is typically spent performing several operations: comprehension/ understanding, addition/ or deletion of parts, and 

modification/changes of other system code portions. In our work, we have considered the classes, methods and LoC 

to compute the different complexities for perfective maintenance by using add, delete and modification etc. 

parameters for maintenance.  So, the resulting model is: 

 

 

                   [1] 

 

 

Where, Cadd is complexity measure for adding new source code; Cmod is complexity measure when there is any 

modification in the existing code and Cdel is the complexity measure due to deletion of source code. In our work, 

there is neither any deletion in source code nor any modification in the existence source code. Hence, the complexity 

measure for perfective maintenance (Cpm) has been done by adding new source in new file. The adding new source 

code may include copy of existing source code for classes and methods and also source code for new class and 

method has been added. 

 

 

                   [2] 
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Figure 1.1 Class-Method 

 
The file ‘CAccessReportxm.cpp’ has been added for the purpose of maintenance which is having a class 

‘CAccessReportxm’ and this class is having six methods including its parameterized constructor and destructor such 

as Print(), LoadAllReports(), RunReport(), SaveasXML(), CAccessReportxm() and ~CAccessReportxm() 

respectively as shown in Figure 1.1 . The method ‘LoadAllReports’ is having three new variables added as ws1, 

pDb1 and pRs. The two variables m_pAccess1 and m_pDoCmd1 are used in rest of the five methods. The Line of 

Code (LoC) written in this file for class and method definitions will help to find out the complexities as shown in 

Table 1.1. In this table, the total number of method added in this new file is six. On the basis of others parameters, 

the complexities CC, NAM and Size2 have been computed for this file. The comparative view of those complexities 

before and after maintenance has been shown in Graph1.1. 

 

Table 1.1 Class-method complexities 

 

Class CAccessReportxm 

Total Methods Added 6 

NAL 3 

NAI 0 

NML 6 

NMI 2 

CACL 0 

CACI 0 

CMICL 137 

CMICI 2 

CL 135 

CI 2 

CC 287 

NAM 11 

Size2 9 

  

File: 

CAccessRe

portxm.cpp 

Class: 

CAccessR

eportxm 

LoadAllRe

ports 

 

Run Report 

SaveAsXml 

CAccessRe

portxm 

Print 

~CAccess

Reportxm 

ws1 

pDb1 

pRs 

m_pAccess1 

m_pDoCmd1 
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Graph 1.1 Different complexity measures before and after perfective software maintenance 

 

3. Evaluation analysis 
 

Cognitive Complexity Measure (CCM) for maintenance  

 

In cognitive informatics, the functional complexity can be measured by its cognitive complexity, which can be 

determined by the internal control flows known as Basic Control Structures (BCS) [R]. The basic BCS that we have 

used in our work are defined as sequence category which includes ‘if’ and having weight 1, the branch category 

includes ‘if-then–else’ and ‘case’ with their weight 3 and 4 respectively. The iteration category is having three BCS 

such as For-do, Repeat until and while-do with their weight 7, 7 and 8 respectively as shown in Table 1.2. In this 

table, the values in columns 𝒘𝒊 represent the corresponding weight for each category. 

The number of occurrence of each BCS for each category in their respective files used in source code and the new 

file (AccessReportcm.cpp) added have been defined in columns Sequence (if), Branch (if-then–else), Branch 

(case), Iteration (while-do), Iteration(For-do).As we can see in Figure 1.2 the file AccessReport.cpp is having 

maximum number of sequence category i.e. number of if-statement occurrence in this file is 17, number of 

occurrence of iteration (while-do) is 1 and rest of the category values is zero. Likewise, we can see the values for 

other file. 

The file which we have added for the purpose of perfective maintence i.e. AccessReport.cpp is also having the 

maximum number of sequence category i.e. number of if-statement occurrence in this file is 17, number of 

occurrence of iteration (while-do) is 1 and rest of the category values is zero. The columns next to each category 

defined the corresponding weight for each files. The columns ‘total ‘and ‘Wt-total’ are defined as the summation of 

all category values and weighed categories values of each file. The last column of this figure named as ‘relative 

complexity percentage’ (RCP) is defined as shown in formula 3. 

 

 Where, ‘i’ defined as the 𝑖𝑡ℎ - row of the figure2.    

                    [3] 

 

The relative complexity percentage of existing file ‘AccessReport.cpp’ and new added file ‘AccessReportxm.cpp’ are 

having highest value of percentage of 25% where as file ‘AccessReortSet.cpp’ is having least value of percentage i.e. 

zero among all files. So, the cohesiveness of these too file is highest as compare to others. Hence, the cognitive 

complexity is highest for these files. The comparative graphical view of those BCS’s category is shown in Graph1.2.  
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Table 1.2 Basic Control Structure with weight 

 

Category BCS Structure 𝒘𝒊 

Sequence Sequence IF (SEQ) 

 

1 

Branch If-then-else (ITE) 

 

3 

Case (CASE) 

 

4 

Iteration For-do 

 

7 

Repeat until 

 

7 

While-do 

 

8 

 

 

Figure1.2 Weight for perfective software maintenance 
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Graph 1.2 Comparative view of CCM 

 

4. Conclusion 

In this paper, we have made an attempt to illustrate to main aspects of the problem concerned with the perfective 

software maintenance and new approach to measure the cognitive complexity measure for the open source code 

project. The complexity measure has been done based on file and basic control structure used within the files. The 

comparative view before and after the perfective maintenance has been shown in graph 1.1 and also the different 

basic control structure has been computed and compared within the existing and newly created files. The relative 

complexity measure has been computed for each file as shown in Figure 1.2.  In future work, other new cognitive as 

well as basic control structures have been used to compute more specific complexity. 

 

5. References 

 

[1] Chung-Horng Lung, Marzia Zaman, Amit Nandi. Applications of clustering techniques to software partitioning, 

recovery and restructuring, The J. of Systems and Software, vol. 73, p. 227-244, 2003. 

[2] Ignac Loverk, Gorden Jezic et.al. and Antun Caric, Darko Huljenic et al. Improving  software maintenance by 

using agent based remote maintenance, Proceedings of international conference on software 

maintenance(ICSM),2003. 

[3] Kraus, S.,Sycara, K., & Evenchil A. Reaching  agreements through argumentation: A logical model and 

implementation. Artificial Intelligence, vol. 104, p. 1-69, 1998. 

[4] Ren Yu, Benoit Iung, Herve Paunetto. A multi-agents based E-maintenance system with case-based reasoning 

decision support, J. artificial intelligence, elsevier, vol. 16, p. 321-333, 2003. 

[5] Ren Yu, Benoit Iung, Herve Paunetto. A multi-agents based E-maintenance system with case-based reasoning 

decision support, J. artificial intelligence, elsevier, vol. 16, p. 321-333, 2003. 

[6] S. Ramanujan, R. W. Scamell, and J. R. Shah. An experimental investigation of the impact of individual, 

program, and organizational characteristics on software maintenance effort, J. Syst. Soft., vol. 54, no. 2, p. 137-

157, 2000. 

[7] Sandeep Kumar, Mishra R. B. Cognition Based Service Selection in Semantic Web Service Composition, J. of 

Computer Science, Infocomp, vol. 7, N.-3, 2008. 

[8] Wright G. H. Von. Freedom and Determination, North Holland Publishing Co., Amsterdam, 1980. 

[9] Wu W., Ekaette E. Far b. H. Uncertainity Mangement Framework of Multi-Agent System,   proceedings of 

ATS, p. 122-131, 2003. 

263



 

 

[10] Y. Kanellopoulos, C. Makris, C. Tjortjis, T. Dimopulos.Mining source code elements for comprehending 

object-oriented systems and evaluating their maintainability, SIGKDD Explorations, vol.8, issue 1, 2004. 

[11] Y. Kanellopoulos, C. Makris, C. Tjortjis. An improved methodology on information distillation by mining 

program source code, Data and Knowledge engineering, J. of elsevier, 2006. 

[12] Yiannis Kanellopoulos and Christos Tjortjis. Data mining source code to facilitate program comprehension: 

Experiments on clustering data retrieved from C++ programs, Proceedings of the 12th IEEE international 

workshop on program comprehension (IWPC'04), 2004. 

264


	Binder1_2.pdf
	Table of Contents_pg3.pdf
	AISC_REPORT_FINAL.pdf
	AISC_REPORT_FINAL.pdf
	Binder1.pdf
	Souvenir (AISC-2012) (1)_new1.pdf
	Souvenir (AISC-2012) (1)_new2.pdf

	photos(inaug, valedictory).pdf
	Program Schedule.pdf
	First Day.pdf
	Second Day_revised.pdf
	Third Day revised.pdf

	Table of Contents.pdf
	Papers_Bound.pdf
	04 Minimization of voltage SAG.pdf
	05 Implementation and analysis of hybrid network.pdf
	I.    Introduction
	II.    HYBRID NETWORK
	III.   HYBRID CONFIGURATION 
	IV.     CHALLENGES
	V.   CONCLUSION AND FUTURE SCOPE 
	VI.   REFERENCES 

	07 Agent based Ontological description.pdf
	I.  Introduction 
	II. agent based intelligent web Model for healthcare System
	a) How to divide a complex problem in sub problems.
	b) How to distribute these sub problem between them.
	c) How to share knowledge among them to solve dependencies among that sub solutions.
	d) How to combine sub solution in order to give aggregated solution of that problem.

	III. ONTOLOGICAL DESCRIPTION FOR HEALTHCARE SYSTEM
	IV. CONCLUSION
	V. REFERENCES

	08 Utilization of multi-agent system.pdf
	I. Introduction 
	II. MAS based Model
	��
	III. CONCLUSION
	IV. REFERENCES

	10 Word Reorder and agreement.pdf
	11 Analysis of image segmentation techniques in the design of a CAD tool for early breast cancer detection from mammograms.pdf
	Untitled

	12 Adaptive Intelligent Handoff Algorithm in High Altitude Platform System.pdf
	13 Performance Evaluation through KICA and Feature level Fusion for Human Face Recognition.pdf
	14 Minimizing the Makespan and Economic Cost of Schedule for the Grid Applications.pdf
	15 Policy-based Access Control in Cloud Computing.pdf
	I. INTRODUCTION
	II. Literature review
	III. Access Control components for Cloud Computing
	IV. METHOD FOR ACCESS CONTROL OF SERVICES AND APPLICATIONS
	V. Conclusions
	Acknowledgment
	REFERENCES


	17 Homogeneity Analysis based Robust Watermarking Scheme based on Singular Value Decomposition for Color Images.pdf
	19 Application of Artificial Intelligence Computational Techniques in Mechanical Engineering Fields- A Survey.pdf
	20 A Solution of the Fuzzy Steiner Tree Problem using Quasi-Gaussian Fuzzy Weights.pdf
	21 Metrics and model for assessing web application’s maintainability.pdf
	22 Rule Based Model for Clustering Gene Expression Data.pdf
	References

	23 A Comparative study of Clique Percolation Methods on Large Random Graphs.pdf
	24 Newborn Recognition Using Fusion of Face and Ear Biometrics.pdf
	25 Application of soft computing in mechanical engineering.pdf
	26 AN EXTENSIVE ANALYSIS OF MOBILITY MODELS THROUGH ROUTING PROTOCOL IN AD HOC NETWORK.pdf
	INTRODUCTION
	An Ad Hoc Network are self configuring, self healing network
	There are many ways to classify the MANET routing protocols 
	References


	27 ANALYSIS OF DIFFERENT INTRUSION DETECTION SYSTEMS IN ADHOC NETWORK.pdf
	29 Face Recognition by LEM with Generic Line Segment.pdf
	30 Evolution Of Ordered Weighted Averaging Operators And Their Role In Solving MCDM And GDM Problems.pdf
	31 Ontology-Based For Learners’ Performance Evaluation And Classification.pdf
	32 Discrete-time Fuzzy Sliding Mode Controller for Nonlinear System.pdf
	34 Identification of Gases-Odors Using TCA Data Preprocessing Technique.pdf
	35 Inverse Kinematics for an Industrial Robot Manipulator using ANN.pdf
	36 Optimization of link lengths of articulated robotic arm 1.pdf
	37 Statistical Machine Translation Model for English to Urdu machine translation.pdf
	I.  Introduction
	II. Literature Review
	III. System Architecture And Implementation
	A. Corpus Creation and Collection
	B. Factorization
	C. Language Model
	D. Translation Model
	E. Decoder

	IV. Results and Evaluation
	V. Conclusion and Future Work
	References


	38 Two layer security in Bank.pdf
	39 Por Protocol along with destination prediction scheme towards reliable data delivery for HIGHLY DYNAMIC MANET.pdf
	40 Rule Based Expert System for Automatic Diagnosis of DR from Color Fundus Images.pdf
	41 An Efficient approach to improve Software Quality.pdf
	42 Penalty based Constraint Programming approach for NSF Panel-Assignment Problem.pdf
	44 Review of null value estimation.pdf
	45 Rule based SWS composition for courseware.pdf
	47 Artificial Neural network.pdf
	ARTIFICIAL NEURAL NETWORK
	Interactive Visual Image System
	Anand Mohan Pandey
	Assistant Professor, RSMT, Varanasi
	ABSTRACT
	INTRODUCTION
	Interactive flower recognition
	Interactive flag recognition
	Interactive skin lesion recognition
	INTERACTIVE FLOWER RECOGNITION


	48 Critical_Success_Factors_for_Outsourced_Product_Development.pdf
	49 Solution of Multi-objective NSF Panel Assignment Problem Using Simulated Annealing.pdf
	50 A new method for computing software quality.pdf
	1. Introduction
	2. ISO9126 Quality Model's
	3. RULE BASE
	4. CERTAINITY FACTOR
	5. RESULT
	6. CONCLUSION

	51 Application of Data Mining Classification Techniques for predicting Fault-Prone classes in Object-oriented System.pdf
	54 Comparative Performance of Constraint Programming Solvers- IBM ILOG CPLEX Optimization Studio and ECLiPsE.pdf
	57 Cognitive Parameters Based Student Agent Selection in.pdf
	58 Voting Model in social influence of feature similarity.pdf
	59 Performance Enhancement of Contextual Query Perfection by GMM Based Contextual Semantic Descriptor in Affective Features Based Implicit Contextual Semantic Relevance Feedback.pdf
	60 Study of weight matrix development tools for TF's..pdf


	Papers_Bound (page numbered).pdf
	04 Minimization of voltage SAG.pdf
	05 Implementation and analysis of hybrid network.pdf
	I.    Introduction
	II.    HYBRID NETWORK
	III.   HYBRID CONFIGURATION 
	IV.     CHALLENGES
	V.   CONCLUSION AND FUTURE SCOPE 
	VI.   REFERENCES 

	07 Agent based Ontological description.pdf
	I.  Introduction 
	II. agent based intelligent web Model for healthcare System
	a) How to divide a complex problem in sub problems.
	b) How to distribute these sub problem between them.
	c) How to share knowledge among them to solve dependencies among that sub solutions.
	d) How to combine sub solution in order to give aggregated solution of that problem.

	III. ONTOLOGICAL DESCRIPTION FOR HEALTHCARE SYSTEM
	IV. CONCLUSION
	V. REFERENCES

	08 Utilization of multi-agent system.pdf
	I. Introduction 
	II. MAS based Model
	��
	III. CONCLUSION
	IV. REFERENCES

	10 Word Reorder and agreement.pdf
	11 Analysis of image segmentation techniques in the design of a CAD tool for early breast cancer detection from mammograms.pdf
	Untitled

	12 Adaptive Intelligent Handoff Algorithm in High Altitude Platform System.pdf
	13 Performance Evaluation through KICA and Feature level Fusion for Human Face Recognition.pdf
	14 Minimizing the Makespan and Economic Cost of Schedule for the Grid Applications.pdf
	15 Policy-based Access Control in Cloud Computing.pdf
	I. INTRODUCTION
	II. Literature review
	III. Access Control components for Cloud Computing
	IV. METHOD FOR ACCESS CONTROL OF SERVICES AND APPLICATIONS
	V. Conclusions
	Acknowledgment
	REFERENCES


	17 Homogeneity Analysis based Robust Watermarking Scheme based on Singular Value Decomposition for Color Images.pdf
	19 Application of Artificial Intelligence Computational Techniques in Mechanical Engineering Fields- A Survey.pdf
	20 A Solution of the Fuzzy Steiner Tree Problem using Quasi-Gaussian Fuzzy Weights.pdf
	21 Metrics and model for assessing web application’s maintainability.pdf
	22 Rule Based Model for Clustering Gene Expression Data.pdf
	References

	23 A Comparative study of Clique Percolation Methods on Large Random Graphs.pdf
	24 Newborn Recognition Using Fusion of Face and Ear Biometrics.pdf
	25 Application of soft computing in mechanical engineering.pdf
	26 AN EXTENSIVE ANALYSIS OF MOBILITY MODELS THROUGH ROUTING PROTOCOL IN AD HOC NETWORK.pdf
	INTRODUCTION
	An Ad Hoc Network are self configuring, self healing network
	There are many ways to classify the MANET routing protocols 
	References


	27 ANALYSIS OF DIFFERENT INTRUSION DETECTION SYSTEMS IN ADHOC NETWORK.pdf
	29 Face Recognition by LEM with Generic Line Segment.pdf
	30 Evolution Of Ordered Weighted Averaging Operators And Their Role In Solving MCDM And GDM Problems.pdf
	31 Ontology-Based For Learners’ Performance Evaluation And Classification.pdf
	32 Discrete-time Fuzzy Sliding Mode Controller for Nonlinear System.pdf
	34 Identification of Gases-Odors Using TCA Data Preprocessing Technique.pdf
	35 Inverse Kinematics for an Industrial Robot Manipulator using ANN.pdf
	36 Optimization of link lengths of articulated robotic arm 1.pdf
	37 Statistical Machine Translation Model for English to Urdu machine translation.pdf
	I.  Introduction
	II. Literature Review
	III. System Architecture And Implementation
	A. Corpus Creation and Collection
	B. Factorization
	C. Language Model
	D. Translation Model
	E. Decoder

	IV. Results and Evaluation
	V. Conclusion and Future Work
	References


	38 Two layer security in Bank.pdf
	39 Por Protocol along with destination prediction scheme towards reliable data delivery for HIGHLY DYNAMIC MANET.pdf
	40 Rule Based Expert System for Automatic Diagnosis of DR from Color Fundus Images.pdf
	41 An Efficient approach to improve Software Quality.pdf
	42 Penalty based Constraint Programming approach for NSF Panel-Assignment Problem.pdf
	44 Review of null value estimation.pdf
	45 Rule based SWS composition for courseware.pdf
	47 Artificial Neural network.pdf
	ARTIFICIAL NEURAL NETWORK
	Interactive Visual Image System
	Anand Mohan Pandey
	Assistant Professor, RSMT, Varanasi
	ABSTRACT
	INTRODUCTION
	Interactive flower recognition
	Interactive flag recognition
	Interactive skin lesion recognition
	INTERACTIVE FLOWER RECOGNITION


	48 Critical_Success_Factors_for_Outsourced_Product_Development.pdf
	49 Solution of Multi-objective NSF Panel Assignment Problem Using Simulated Annealing.pdf
	50 A new method for computing software quality.pdf
	1. Introduction
	2. ISO9126 Quality Model's
	3. RULE BASE
	4. CERTAINITY FACTOR
	5. RESULT
	6. CONCLUSION

	51 Application of Data Mining Classification Techniques for predicting Fault-Prone classes in Object-oriented System.pdf
	54 Comparative Performance of Constraint Programming Solvers- IBM ILOG CPLEX Optimization Studio and ECLiPsE.pdf
	57 Cognitive Parameters Based Student Agent Selection in.pdf
	58 Voting Model in social influence of feature similarity.pdf
	59 Performance Enhancement of Contextual Query Perfection by GMM Based Contextual Semantic Descriptor in Affective Features Based Implicit Contextual Semantic Relevance Feedback.pdf
	60 Study of weight matrix development tools for TF's..pdf



	ashu.pdf

	Programme Schedule: Programme Schedule


