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Foreword

Message from the General Chairs Dr. Modi Chirag
Navinchandra and Dr. Pankaj Kumar Sa

Welcome to the 5th International Conference on Advanced Computing,
Networking, and Informatics. The conference is hosted by the Department of
Computer Science and Engineering at National Institute of Technology Goa, India,
and co-organized with Centre for Computer Vision & Pattern Recognition, National
Institute of Technology Rourkela, India. For this fifth event, held on June 1–3,
2017, the theme is security and privacy, which is a highly focused research area in
different domains.

Having selected 185 articles from more than 500 submissions, we are glad to
have the proceedings of the conference published in the Advances in Intelligent
Systems and Computing series of Springer. We would like to acknowledge the
special contribution of Prof. Udaykumar R. Yaragatti, Former Director of NIT Goa,
as the chief patron for this conference.

We would like to acknowledge the support from our esteemed keynote speakers,
delivering keynotes titled “On Secret Sharing” by Prof. Bimal Kumar Roy, Indian
Statistical Institute, Kolkata, India; “Security Issues of Software Defined Networks”
by Prof. Manoj Singh Gaur, Malaviya National Institute of Technology, Jaipur;
“Trust aware Cloud (Computing) Services” by Prof. K. Chandrasekaran, National
Institute of Technology Karnataka, Surathkal, India; and “Self Driving Cars” by
Prof. Dhiren R. Patel, Director, VJTI, Mumbai, India. They are all highly accom-
plished researchers and practitioners, and we are very grateful for their time and
participation.

We are grateful to advisory board members Prof. Audun Josang from Oslo
University, Norway; Prof. Greg Gogolin from Ferris State University, USA; Prof.
Ljiljana Brankovic from The University of Newcastle, Australia; Prof. Maode Ma,
FIET, SMIEEE from Nanyang Technological University, Singapore; Prof.
Rajarajan Muttukrishnan from City, University of London, UK; and Prof.
Sanjeevikumar Padmanaban, SMIEEE from University of Johannesburg, South
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Africa. We are thankful to technical program committee members from various
countries, who have helped us to make a smooth decision of selecting best quality
papers. The diversity of countries involved indicates the broad support that ICACNI
2017 has received. A number of important awards will be distributed at this year’s
event, including Best Paper Awards, Best Student Paper Award, Student Travel
Award, and a Distinguished Women Researcher Award.

We would like to thank all of the authors and contributors for their hard work.
We would especially like to thank the faculty and staff of National Institute of
Technology Goa and National Institute of Technology Rourkela for giving us their
constant support. We extend our heartiest thanks to Dr. Sambit Bakshi (Organizing
Co-Chair) and Dr. Manmath N. Sahoo (Program Co-Chair) for the smooth con-
duction of this conference. We would like to specially thank Dr. Pravati Swain
(Organizing Co-Chair) from NIT Goa who has supported us to smoothly conduct
this conference at NIT Goa.

But the success of this event is truly down to the local organizers, volunteers,
local supporters, and various chairs who have done so much work to make this a
great event.

We hope you will gain much from ICACNI 2017 and will plan to submit to and
participate in the 6th ICACNI 2018.

Best wishes,

Goa, India
Rourkela, India

Dr. Modi Chirag Navinchandra
Dr. Pankaj Kumar Sa

General Chairs, 5th ICACNI 2017
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Preface

It is indeed a pleasure to receive an overwhelming response from academicians and
researchers of premier institutes and organizations of the country and abroad for
participating in the 5th International Conference on Advanced Computing,
Networking, and Informatics (ICACNI 2017), which makes us feel that our
endeavor is successful. The conference organized by the Department of Computer
Science and Engineering, National Institute of Technology Goa, and Centre for
Computer Vision & Pattern Recognition, National Institute of Technology
Rourkela, during June 1–3, 2017, certainly marks a success toward bringing
researchers, academicians, and practitioners in the same platform. We have received
more than 600 articles and very stringently have selected through peer review 185
best articles for presentation and publication. We could not accommodate many
promising works as we tried to ensure the highest quality. We are thankful to have
the advice of dedicated academicians and experts from industry and the eminent
academicians involved in providing technical comments and quality evaluation for
organizing the conference in good shape. We thank all people participating and
submitting their works and having continued interest in our conference for the fifth
year. The articles presented in the three volumes of the proceedings discuss the
cutting-edge technologies and recent advances in the domain of the conference.

We conclude with our heartiest thanks to everyone associated with the confer-
ence and seeking their support to organize the 6th ICACNI 2018 at National
Institute of Technology Silchar, India, during June 4–6, 2018.

Rourkela, India Pankaj Kumar Sa
Rourkela, India Sambit Bakshi
Patras, Greece Ioannis K. Hatzilygeroudis
Rourkela, India Manmath Narayan Sahoo
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In Memoriam: Prof. S. K. Jena (1954–2017)

A man is defined by the deeds he has done and the lives he has touched; he is
defined by the people who have been inspired by his actions and the hurdles he has
crossed. With his deeds and service, Late Prof. Sanjay Kumar Jena, Department of
Computer Science and Engineering, has always remained an epitome of inspiration
for many. Born in 1954, he breathed his last on May 17, 2017, due to cardiac arrest.
He left for his heavenly abode with peace while on duty. He is survived by his
loving wife, beloved son, and cherished daughter.

He is known for his ardent ways of problem-solving right from his early years.
Even at 62 years of age, his enthusiasm and dedication took NIT Rourkela com-
munity by surprise. From being the Superintendent of S. S. Bhatnagar Hall of
Residence to Dean of SRICCE to Head of the Computer Science Department to a
second term as the Head of Training and Placement Cell, he not only has con-
tributed to the growth of the institute, but has been a wonderful teacher and
researcher guiding a generation of students and scholars. Despite this stature, he
was an audience when it came to hearing out problems of students, colleagues, and
subordinates, which took them by surprise being unbiased in judgments. His kind
and compassionate behavior added splendidly to the beloved teacher who could be
approached by all. His ideas and research standards shall continue to inspire gen-
erations of students to come. He will also be remembered by the teaching com-
munity for the approach and dedication he has gifted to the NIT community.

ix



Committee: ICACNI 2017

Advisory Board Members

Audun Josang, Oslo University, Norway
Greg Gogolin, Ferris State University, USA
Ljiljana Brankovic, The University of Newcastle, Australia
Maode Ma, FIET, SMIEEE, Nanyang Technological University, Singapore
Rajarajan Muttukrishnan, City, University of London, UK
Sanjeevikumar Padmanaban, SMIEEE, University of Johannesburg, South Africa

Chief Patron

Udaykumar Yaragatti, Director, National Institute of Technology Goa, India

Patron

C. Vyjayanthi, National Institute of Technology Goa, India

General Chairs

Chirag N. Modi, National Institute of Technology Goa, India
Pankaj K. Sa, National Institute of Technology Rourkela, India

Organizing Co-chairs

Pravati Swain, National Institute of Technology Goa, India
Sambit Bakshi, National Institute of Technology Rourkela, India

xi



Program Co-chairs

Manmath N. Sahoo, National Institute of Technology Rourkela, India
Shashi Shekhar Jha, SMU Lab, Singapore
Lamia Atma Djoudi, Synchrone Technologies, France
B. N. Keshavamurthy, National Institute of Technology Goa, India
Badri Narayan Subudhi, National Institute of Technology Goa, India

Technical Program Committee

Adam Schmidt, Poznan University of Technology, Poland
Akbar Sheikh Akbari, Leeds Beckett University, UK
Al-Sakib Khan Pathan, SMIEEE, UAP and SEU, Bangladesh/Islamic University in
Madinah, KSA
Andrey V. Savchenko, National Research University Higher School of Economics,
Russia
B. Annappa, SMIEEE, National Institute of Technology Karnataka, Surathkal,
India
Biju Issac, SMIEEE, FHEA, Teesside University, UK
Ediz Saykol, Beykent University, Turkey
Haoxiang Wang, GoPerception Laboratory, USA
Igor Grebennik, Kharkiv National University of Radio Electronics, Ukraine
Jagadeesh Kakarla, Central University of Rajasthan, India
Jerzy Pejas, Technical University of Szczecin, Poland
Laszlo T. Koczy, Szechenyi Istvan University, Hungary
Mithileysh Sathiyanarayanan, City, University of London, UK
Palaniappan Ramaswamy, SMIEEE, University of Kent, UK
Patrick Siarry, SMIEEE, Université de Paris, France
Prasanta K. Jana, SMIEEE, Indian Institute of Technology (ISM), Dhanbad, India
Saman K. Halgamuge, SMIEEE, The University of Melbourne, Australia
Sohail S. Chaudhry, Villanova University, USA
Sotiris Kotsiantis, University of Patras, Greece
Tienfuan Kerh, National Pingtung University of Science and Technology, Taiwan
Valentina E. Balas, SMIEEE, Aurel Vlaicu University of Arad, Romania
Xiaolong Wu, California State University, USA

Organizing Committee

Chirag N. Modi , National Institute of Technology Goa, India
Pravati Swain, National Institute of Technology Goa, India
B. N. Keshavamurthy, National Institute of Technology Goa, India
Damodar Reddy Edla, National Institute of Technology Goa, India

xii Committee: ICACNI 2017



B. R. Purushothama, National Institute of Technology Goa, India
T. Veena, National Institute of Technology Goa, India
S. Mini, National Institute of Technology Goa, India
Venkatanareshbabu Kuppili, National Institute of Technology Goa, India

Committee: ICACNI 2017 xiii



Contents

Part I Research on Optical Networks, Wireless Sensor Networks,
VANETs, and MANETs

Multichannel Assignment Algorithm for Minimizing Imbalanced
Channel Utilization in Wireless Sensor Networks . . . . . . . . . . . . . . . . . . 3
Abhinav Jain, Shivam Singh and Sanghita Bhattacharjee

MWPR: Minimal Weighted Path Routing Algorithm for Network
on Chip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
E. Lakshmi Prasad, A. R. Reddy and M. N. Giri Prasad

An IoT-VANET-Based Traffic Management System for Emergency
Vehicles in a Smart City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
Lucy Sumi and Virender Ranga

Analysis of Wormhole Attacks in Wireless Sensor Networks . . . . . . . . . 33
Manish Patel, Akshai Aggarwal and Nirbhay Chaubey

Handover Latency Improvement and Packet Loss Reduction
in Wireless Networks Using Scanning Algorithm . . . . . . . . . . . . . . . . . . 43
K. Aswathy, Parvathy Asok, T. Nandini and Lekshmi S. Nair

Optimized Location for On-Body Sink for PRPLC Protocol
in WBAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Arifa Anwar and D. Sridharan

A Machine Learning Approach to Find the Optimal Routes Through
Analysis of GPS Traces of Mobile City Traffic . . . . . . . . . . . . . . . . . . . . 59
Shreya Ghosh, Abhisek Chowdhury and Soumya K. Ghosh

Zigbee-Based Wearable Device for Elderly Health Monitoring
with Fall Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
Syed Yousuff, Sugandh Kumar Chaudary, N. P. Meghana, T. S. Ashwin
and G. Ram Mohana Reddy

xv



A Colored Petri Net Based Modeling and Analysis of Packet Dropping
Scenario for Wireless Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Moitreyee Dasgupta and Sankhayan Choudhury

Hole Detection in Wireless Sensor Network: A Review . . . . . . . . . . . . . 87
Smita Das and Mrinal Kanti DebBarma

A Two-Tailed Chain Topology in Wireless Sensor Networks for
Efficient Monitoring of Food Grain Storage . . . . . . . . . . . . . . . . . . . . . . 97
Alekha Kumar Mishra, Arun Kumar, Asis Kumar Tripathy
and Tapan Kumar Das

Designing an Adaptive Vehicular Density-Based Traffic Signal
Controlling System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
Monika J. Deshmukh and Chirag N. Modi

Moving Object Detection and Tracking in Traffic Surveillance
Video Sequences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
Pranjali Gajbhiye, Naveen Cheggoju and Vishal R. Satpute

Dynamic Distance-Based Cluster Head Election for Maximizing
Efficiency in Wireless Sensor Networks Using Artificial Neural
Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
A. K. P. Kovendan, R. Divya and D. Sridharan

Implementation of FPGA-Based Network Synchronization Using
IEEE 1588 Precision Time Protocol (PTP) . . . . . . . . . . . . . . . . . . . . . . . 137
Atul Chavan, Sayyad Nagurvalli, Manoj Jain and Shashikant Chaudhari

A Cloud-Based Intelligent Transportation System’s Framework to
Support Advanced Traveler Information Systems . . . . . . . . . . . . . . . . . 145
Swathi Lanka and S. K. Jena

Part II Communication Systems, Antenna Research, and Cognitive
Radio, Signal Processing

Statistical-Based Dynamic Radio Resource Allocation for Sectored
Cells in MIMO-OFDMA System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
Suneeta V. Budihal and Sneha Shiralikar

Classification of Protein Sequences by Means of an Ensemble
Classifier with an Improved Feature Selection Strategy . . . . . . . . . . . . . 167
Aditya Sriram, Mounica Sanapala, Ronak Patel and Nagamma Patil

Spectrum Aware-Based Distributed Handover Algorithm in Cognitive
Radio Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
Shefali Modi and Mahendra Kumar Murmu

xvi Contents



A Reputation-Based Trust Management Model in Multi-hop Cognitive
Radio Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
Trupil Limbasiya, Debasis Das and Ram Narayan Yadav

A Study: Various NP-Hard Problems in VLSI and the Need for
Biologically Inspired Heuristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
Lalin L. Laudis, Shilpa Shyam, V. Suresh and Ajay Kumar

ESMGB: Efficient and Secure Modified Group-Based AKA Protocol
for Maritime Communication Networks . . . . . . . . . . . . . . . . . . . . . . . . . 205
Shubham Gupta, Balu L. Parne and Narendra S. Chaudhari

Reduced Latency Square-Root Calculation for Signal Processing
Using Radix-4 Hyperbolic CORDIC . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
Aishwarya Kumari and D. P. Acharya

High-Gain A-Shaped EBG-Backed Single-Band Planar Monopole
Antenna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
Shridhar Desai, Umesh Madhind and Mahesh Kadam

An Improvement to the Multicarrier Complementary Phase-Coded
Radar Signal Using Signal Distortion Technique . . . . . . . . . . . . . . . . . . 237
C. G. Raghavendra, R. Sriranga, Siddharth R. Rao, Sanath M. Nadig,
M. Vinay and N. N. S. S. R. K. Prasad

A Wavelet Transform-Based Filter Bank Architecture for ECG
Signal Denoising . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Ashish Kumar, Rama Komaragiri and Manjeet Kumar

Comparative Assessment for Power Quality Improvement Using
Hybrid Power Filters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
Soumya Ranjan Das, Prakash K. Ray and Asit Mohanty

Part III Big Data and Recommendation Systems

A Patient-Centric Healthcare Model Based on Health
Recommender Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
Ritika Bateja, Sanjay Kumar Dubey and Ashutosh Bhatt

SIoT Framework to Build Smart Garage Sensors Based
Recommendation System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277
A. Soumya Mahalakshmi, G. S. Sharvani and S. P. Karthik

KEA-Based Document Tagging for Project Recommendation
and Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285
M. G. Thushara, S. A. Sreeremya and S. Smitha

Toward Scalable Anonymization for Privacy-Preserving Big
Data Publishing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297
Brijesh B. Mehta and Udai Pratap Rao

Contents xvii



VDBSCAN Clustering with Map-Reduce Technique . . . . . . . . . . . . . . . 305
Ashish Sharma and Dhara Upadhyay

SprIntMap: A System for Visualizing Interpolating Surface Using
Apache Spark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315
Chandan Misra, Sourangshu Bhattacharya and Soumya K. Ghosh

Development of an ARIMA Model for Monthly Rainfall Forecasting
over Khordha District, Odisha, India . . . . . . . . . . . . . . . . . . . . . . . . . . . 325
S. Swain, S. Nandi and P. Patel

Developing an Improvised E-Menu Recommendation System
for Customer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 333
Rajendra Pawar, Shashikant Ghumbre and Ratnadeep Deshmukh

Real-Time Bigdata Analytics: A Stream Data Mining Approach . . . . . . 345
Bharat Tidke, Rupa G. Mehta and Jenish Dhanani

Part IV Computational Intelligence: Algorithms, Applications and
Future Directions

Obesity Prediction Using Ensemble Machine Learning Approaches . . . . 355
Kapil Jindal, Niyati Baliyan and Prashant Singh Rana

Performance Analysis for NFBN—A New Fuzzy Bayesian Network
Learning Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363
Monidipa Das and Soumya K. Ghosh

Implementing and Analyzing Different Feature Extraction Techniques
Using EEG-Based BCI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 377
H. S. Anupama, Raj V. Jain, Revanur Venkatesh, Rupa Mahadevan,
N. K. Cauvery and G. M. Lingaraju

Domain Classification of Research Papers Using Hybrid Keyphrase
Extraction Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387
M. G. Thushara, M. S. Krishnapriya and Sangeetha S. Nair

GLRLM-Based Feature Extraction for Acute Lymphoblastic
Leukemia (ALL) Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399
Sonali Mishra, Banshidhar Majhi and Pankaj Kumar Sa

Personalization of Test Sheet Based on Bloom’s Taxonomy
in E-Learning System Using Genetic Algorithm . . . . . . . . . . . . . . . . . . . 409
Mukta Goyal and K. Rajalakshmi

Energy-Efficient Mechanisms for Next-Generation
Green Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415
Vinodini Gupta and Padma Bonde

xviii Contents



Takagi Sugeno Fuzzy for Motion Control of Ball on Plate System . . . . 425
Vinodh Kumar Elumalai, V. Keerthi Prasath, B. Khizer Ahamed,
Rajeev Gupta and Sameer Kumar Mohapatra

Human Cancer Classification and Prediction Based
on Gene Profiling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435
H. N. Megha and R. H. Goudar

Fuzzy-Based Classification for Cervical Dysplasia Using Smear
Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 441
Mithlesh Arya, Namita Mittal and Girdhari Singh

Human Hand Controlled by Other Human Brain . . . . . . . . . . . . . . . . . 451
Vemuri Richard Ranjan Samson, U. Bharath Sai, S. Pradeep Kumar,
B. Praveen Kitti, D. Suresh Babu, G. M. G. Madhuri,
P. L. S. D. Malleswararao and K. Kedar Eswar

A Novel Noise Adjustment Technique for MIMO-OFDM System
Based on Fuzzy-Based Adaptive Method . . . . . . . . . . . . . . . . . . . . . . . . 459
Darshankumar C. Dalwadi and Himanshu B. Soni

A Novel Hierarchical Clustering Algorithm for Online Resources . . . . . 467
Amit Agarwal and Rajendra Kumar Roul

Quality Control System for Pathogen Detection . . . . . . . . . . . . . . . . . . . 477
Sonali Kulkarni, D. M. Verma and R. K. Gupta

Dolphin Echolocation and Fractional Order PID-Based STATCOM
for Transient Stability Enhancement . . . . . . . . . . . . . . . . . . . . . . . . . . . 483
Shiba R. Paital, Prakash K. Ray and Asit Mohanty

Part V Emerging Techniques in Computing

Design of Decision-Making Techniques Using Improved AHP and
VIKOR for Selection of Underground Mining Method . . . . . . . . . . . . . 495
B. Bhanu Chander, Amit Kumar Gorai and S. Jayantu

Computing Model to Analyze Voting Rate Failure in Election System
Using Correlation Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505
K. S. Gururaj and K. Thippeswamy

A Robust Watermarking Scheme for 3D Polygon Mesh Models
Using Mean Curvature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 511
Babulal Hansda, Vikas Maheshkar and Sushila Maheshkar

Design Space Exploration for Architectural Synthesis—A Survey . . . . . 519
R. Shathanaa and N. Ramasubramanian

Contents xix



A Novel Distributed Algorithm with Bitcoin Incentives
for Phylogeny Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 529
B. J. Bipin Nair

An Approach for Predicting Structure and Ligand Interaction as Well
as Comparing Five Species of Homo Family Blood Protein Sequences
Using MSA Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 539
B. J. Bipin Nair, S. Saikrishna and Arun P. Prabhan

Inferring Transcriptional Dynamics with Time-Dependent Reaction
Rates Using Stochastic Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 549
Keerthi S. Shetty and B. Annappa

Taxonomy of Leaf Disease Detection and Classification . . . . . . . . . . . . . 557
Manisha Goswami, Saurabh Maheshwari, Amarjeet Poonia
and Dalpat Songara

Assessment of Objective Functions Under Mobility in RPL . . . . . . . . . . 565
Shridhar Sanshi and C. D. Jaidhar

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 577

xx Contents



About the Editors

Pankaj Kumar Sa received his Ph.D. degree in Computer Science in 2010. He is
currently serving as an assistant professor in the Department of Computer Science
and Engineering, National Institute of Technology Rourkela, India. His research
interests include computer vision, biometrics, visual surveillance, and robotic
perception. He has co-authored a number of research articles in various journals,
conferences, and chapters. He has co-investigated some research and development
projects that are funded by SERB, DRDOPXE, DeitY, and ISRO. He has received
several prestigious awards and honors for his excellence in academics and research.
Apart from research and teaching, he conceptualizes and engineers the process of
institutional automation.

Sambit Bakshi is currently with Centre for Computer Vision & Pattern
Recognition of National Institute of Technology Rourkela, India. He also serves as
an assistant professor in the Department of Computer Science and Engineering
of the institute. He earned his Ph.D. degree in Computer Science and Engineering.
He serves as an associate editor of International Journal of Biometrics (2013–),
IEEE Access (2016–), Innovations in Systems and Software Engineering (2016–),
Plos One (2017–), and Expert Systems (2018–). He is a technical committee
member of IEEE Computer Society Technical Committee on Pattern Analysis and
Machine Intelligence. He received the prestigious Innovative Student Projects
Award 2011 from the Indian National Academy of Engineering (INAE) for his
master’s thesis. He has more than 50 publications in journals, reports, and
conferences.

Ioannis K. Hatzilygeroudis is an associate professor in the Department of
Computer Engineering and Informatics, University of Patras, Greece. His research
interests include knowledge representation (KR) with an emphasis on integrated
KR languages/systems; knowledge-based systems, expert systems; theorem proving
with an emphasis on classical methods; intelligent tutoring systems; intelligent
e-learning; natural language generation; and Semantic Web. He has several papers
published in journals, contributed books, and conference proceedings. He has over

xxi



25 years of teaching experience. He is an associate editor of International Journal
on AI Tools (IJAIT), published by World Scientific Publishing Company, and also
serving as an editorial board member to International Journal of Hybrid Intelligent
Systems (IJHIS), IOS Press, and International Journal of Web-Based Communities
(IJWBC), Inderscience Enterprises Ltd.

Manmath Narayan Sahoo is an assistant professor in the Department of
Computer Science and Engineering, National Institute of Technology Rourkela,
Rourkela, India. His research interest areas are fault-tolerant systems, operating
systems, distributed computing, and networking. He is the member of IEEE,
Computer Society of India, and The Institution of Engineers, India. He has pub-
lished several papers in national and international journals.

xxii About the Editors



Part I
Research on Optical Networks, Wireless

Sensor Networks, VANETs, and MANETs



Multichannel Assignment Algorithm
for Minimizing Imbalanced Channel
Utilization in Wireless Sensor Networks

Abhinav Jain, Shivam Singh and Sanghita Bhattacharjee

Abstract Interference management is extremely important in wireless sensor
networks (WSNs). Due to the sharing of spectrum, interference resulting from
neighboring transmissions may degrade significantly the network performance. Use
of multiple non-overlapping channels improves the network capacity or mitigates
the interference by allowing multiple transmissions simultaneously on different
channels. In this paper, we propose a centralized channel assignment method for
single radio-equipped WSNs, which take advantage of multiple channels. The main
objective is to minimize the imbalanced channel utilization among nodes in the
network. Key components of the channel assignment procedure are root selection,
node ordering, and channel selection. We divide the channel set of each node into
three categories and assign channel to the node based on channel capacity, load of
the node, and load of nodes in 2-hop local neighborhood. The simulation results
demonstrate the effect of node ordering and root selection metrics on the network
performance, in terms of channel utilization balancing and number of nodes
accessing channel ratio.
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1 Introduction

In the past two decades, wireless sensor networks (WSNs) are popularly used as
wireless technology for monitoring and controlling various real-time applications.
The performance of WSNs is generally impaired by interference. High interference
minimizes the overall network throughput and increases unnecessary energy con-
sumption at the node. As a result, the power of a node depletes quickly and the
network becomes partitioned. Therefore, interference reduction is an important
issue in sensor network design. Transmission power control can minimize inter-
ference at the node. However, the power of a node affects the network connectivity
as some links become inaccessible [1]. Multichannel technologies eliminate inter-
ference at node effectively and improve the overall capacity of the network by
allowing concurrent transmissions on different channels. Although such schemes
effectively improve the network performance, the number of channels is limited in
wireless networks [2].

Researchers have proposed many multiple channel allocation algorithms [3–7]
for wireless networks. However, these protocols are not suitable for WSNs because
of the typical characteristics of the sensor. Generally, each sensor node is equipped
with a single half-duplex radio [2], which cannot transmit and receive simultane-
ously, but can switch to different channels. MMSN [8] is a first single radio-based
multichannel protocol for WSNs. In frequency assignment [8], frequency is
assigned to each node for receiving the data, while in media access, the slot allo-
cation is done for scheduling the nodes. In [9], the authors proposed routing-aware
channels allocation algorithms for WSNs with an aim to minimize the maximum
interference in the network. Hybrid-MAC (Hy-MAC) proposed in [10] utilizes
multiple channels to get high throughput. An interference-aware MAC protocol
(IM-MAC) for WSNs was introduced in [11]. IM-MAC improves the network
throughput by minimizing the hidden terminal problem. In IM-MAC, channel
assignment is done based on node ID, i.e., the node with the highest ID executes the
channel allocation process. A game theory-based channel assignment protocol,
known as ACBR, was proposed in [12] for prolonging the network lifetime. ACBR
uses multiparameter-based utility function to choose a suitable channel for
each node.

In this paper, we propose a multichannel assignment technique for WSNs, where
each node is equipped with a single radio, which is capable of transmitting and
receiving on a different channel. The goal of the work is to minimize imbalanced
channel utilization among nodes, so that balanced channel utilization is achieved in
the network. Our channel assignment scheme has three major components: (i) root
selection, (ii) node ordering, and finally, (iii) channel selection. At first, root is
selected and assigned the smallest numbered channel. Node ordering shows the
order of assignment of nodes (except root), while in channel selection, each node
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selects its channel based on the channel capacity, traffic load of the node, and load
of the nodes in 2-hop local neighborhood. The channel set of each node is divided
into three categories: primary channel, secondary channel, and free channel. Free
channels are interference free and are not chosen by the others in 2-hop local
neighborhood. Primary channels can be used by 1-hop neighbors and might be
assigned to the node if no free channel is available. Lastly, the secondary channels
can be used by the interfering nodes and can be allocated only if no valid primary
channel is available. Simulations are performed to evaluate the results that our
scheme produces.

The rest of the paper is organized as follows: Sect. 2 describes the model and
problem definition. The proposed multichannel assignment algorithm is described
in Sect. 3, and results are discussed in Sect. 4. Finally, Sect. 5 concludes the paper.

2 Model and Problem Definition

2.1 Network Model and Assumptions

In this paper, wireless sensor network is represented as an undirected communi-
cation graph G= V ,Eð Þ where V is set of static nodes and E⊂V × V is the set of
edges. Each node is characterized by transmission range Rmax and interference
range Imax where Rmax ≤ Imax. Two nodes u and v are connected by an edge if
they are 1-hop neighbors. Let, N1 uð Þ be the set of 1-hop neighbors of node u. Any
node v∈N1 uð Þ if duv ≤Rmax where duv is Euclidian distance between nodes u and v.
To find the interfering nodes of a node, we follow Protocol Interference Model [13].
Two nodes u and v will be interfering if they are operating in the same channel and
u∈ N2 vð Þ∧ v∈N2 uð Þ where N2 uð Þ and N2 vð Þ are the set of 2-hop neighbors of u
and v, respectively. In this paper, we have made following assumptions:

• K: The set of different and non-overlapping channels in the network. The
capacity of each channel is same, and it is denoted by CTc where c∈K.

• C: A 1−D channel assignment array and is initialized to 0.
• L uð Þ: The traffic load of node u and it is known a priori.

2.2 Problem Definition

The objective of the channel assignment algorithm presented in this paper is to
assign one of K channels to each node in such a way that minimizes imbalanced
channel utilization among nodes in the network.

Multichannel Assignment Algorithm for Minimizing … 5



To maximize the channel utilization of node u, we define a binary channel
assignment variable Cc

u, v for each node v∈N2 uð Þ. Binary variable Cc
u, v will be 1 if v

is within 2-hop away and both u and v are operating on the same channel c.

Cc
u, v =

1, if v∈N2 uð Þ∧C uð Þ=C vð Þ= c
0, otherwise

�
ð1Þ

Now, we define the load on the channel of node u by

Lu cð Þ= ∑
v∈N2 uð Þ

C uð Þ=C vð Þ= c
c∈K

Cc
u, v × L vð Þ+L uð Þ ð2Þ

Using Eq. (2), we calculate the channel utilization of node u and it is given as

Zu cð Þ= CTc
Lu cð Þ ð3Þ

We use standard deviation Z Gð Þð Þ given in Eq. (5) to calculate channel utilization
balancing in G. Standard deviation is a metric that finds the deviation of channel
utilization in G. Lower value implies better balancing. Z ̄ Vð Þ is defined in Eq. (4).

Z ̄ Vð Þ= ∑
V

c∈K
u=1Zu cð Þ ð4Þ

Z Gð Þ=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
Vj j ∑

V

u=1
Zu cð Þ− Z ̄ Vð Þð Þ2

s
ð5Þ

Therefore, our channel assignment problem becomes

minimize Z Gð Þð Þ ð6Þ

Subject to: 1. C uð Þ∈K,∀u∈V
2. CTc −Cc

u, v × L vð Þ− L uð Þ>0, ∀u∈V&v∈N2 uð Þ

3 Proposed Multichannel Assignment Algorithm

In this section, we present a centralized channel assignment algorithm which
assigns a different channel to each node in WSNs. The key aim is to minimize
imbalanced channel utilization among nodes. The proposed method has three
phases, namely root selection, node ordering, and channel selection which are
described subsequently.
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3.1 Phase I: Root Selection

At first, we select the root and assign the smallest numbered channel to it. One
way to select the root is lowest ID, i.e., the node with the smallest ID becomes the
root. The next alternative to choose the root is maximum degree which includes
both 1-hop and 2-hop neighbors. Another criterion is minimum degree, i.e., the
node with the minimum degree is selected as the root for the channel assignment
process.

3.2 Phase II: Node Ordering

The second important issue is node ordering which basically reflects the order in
which the nodes are considered for channel assignment. Here, we discuss three
ordering alternatives. First one is random ordering (RO) which uses randomization
to organize the nodes (except the root) for channel assignment. The next alternative
uses some fixed order (FO) to arrange the nodes. The channel assignment with
random and fixed ordering of nodes is given in Algorithm 1 and Algorithm 2,
respectively. Another alternative that we consider is minimum assignable channel
(MAC)-based node ordering. Previous two techniques (i.e., RO and FO) use the
original graph G to order the nodes, while MAC-based technique utilizes the
interference graph, denoted by G2, for organizing the nodes for the channel allo-
cation. Interference graph G2 consists of V nodes and E2 edges. Two nodes u and v
are connected by an edge, i.e., u, vð Þ∈E2 if u∈N2 vð Þ∧ v∈N2ðuÞ. In MAC-based
ordering, we use BFS-based traversal to traverse all nodes in G2 and then assign
labels to them. Here, the root is initialized to level 0. MAC generally works in top to
bottom fashion, i.e., nodes in lower level get their channels earlier than upper layer.
In each layer, we calculate the number of free channels (FCs) for each node and
select the node with the minimum value for channel allocation. If a tie happens, the
node ID is used to break it. The channel assignment when MAC-based ordering is
used is briefly shown in Algorithm 3.
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Algorithm 1: RO-based Channel Assignment

Algorithm 2: FO-based Channel Assignment

3.3 Phase III: Channel Selection

The goal of this phase is to assign a different channel to each node in the network.
Similar to [11], the entire channel set of a node is divided into three categories: Free
channel set ðFCSÞ, primary channel set (PCS), and secondary channel set (SCS).

8 A. Jain et al.



FCS of node u, FCS uð Þ, contains set of channels which are not assigned in u′s
neighborhood. If FCS uð Þ is available, u selects the smallest numbered channel. PCS
of node u, PCS uð Þ, is a set of channels which are used by 1-hop neighbors of u. If
FCS uð Þ is empty, then u can choose its channel from PCS uð Þ only if it has valid
channel. A channel is said to be valid if the current capacity of the channel is greater
than the load of the node where the current capacity is complementary of total
capacity and load of neighbor nodes using that channel. If more than one channel is
available, the channel with the least load is selected. Node u can select the sec-
ondary channel only if PCS is empty. The secondary channel set contains the
channels which are used by 2-hop neighbors of the node. If valid secondary
channels are available, node u chooses the least loaded channel. Since SCS uð Þ is
PCS of N1 uð Þ, node u discards those primary channels which are in SCS uð Þ. After
selection, node u broadcasts the assigned channel and ID within its 2-hop local
neighborhood. All nodes in the neighborhood update their primary, secondary, and
free channel set accordingly. Algorithm 4 describes our channel assign method
in brief.

Algorithm 3: MAC-based Channel Assignment

Multichannel Assignment Algorithm for Minimizing … 9



Algorithm 4: Channel Selection

4 Results and Discussion

In this section, we conduct simulations to evaluate RO-, FO-, and MAC-based
channel assignment approaches and then compare their performances with respect
to channel utilization balancing and number of nodes accessing channel ratio. All
algorithms are simulated through MATLAB and C programming language. We
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consider 1000 × 1000m2 square field where sensor nodes are randomly distributed.
Number of nodes, Vj j, varies from 100 to 400. Transmission range of each node is
50m, and interference range is 100m. The number of available channels is 4 and
12. The channel is assumed to be error-free, and capacity of each channel is set to
10Mz. Load at each node is assigned randomly in the range of [0.1–1.0].

Figure 1 shows the performance of channel utilization balancing for RO-, FO-,
and MAC-based channel assignment approaches for 100–400 nodes but for dif-
ferent number of channels. It is clear that the channel utilization decreases as
number of nodes increases. The increasing network size brings more interference at
node and degrades the performance of the network. We have also seen that bal-
ancing value is much higher using 12 channels. Increased number of channels not
only minimizes number of conflicting nodes, but also reduces load on channels. As
a result, channel utilization balancing is increased.

Figure 1a depicts the performance of channel utilization balancing when the root
is the smallest ID node. MAC-based channel assignment achieves better channel
utilization than RO and FO. In MAC, the node is selected based on its free channels
and thereby minimizes imbalanced channel utilization. From Fig. 1a, it is clear that

(a) ID based root                        (b) Min degree based root      

(c) Max degree based root

Fig. 1 Comparing MAC, FO, and RO in terms of channel utilization balancing
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