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Impact of Spintuality in Management A Review (pages 1-22)
Geeta Sachdeva (Mational Institute of Technology Kurukshetra, India)
In today's times, we live in the changeover period between the ancient meaning of work as subsistence and the new meaning of work as a livelihood. Novel management methods and new
organizational systems are necessary to keep up...
e & Chapter 2
Impact of Spintual Intelligence on Leadership: Leadership and Spiritual Intelligence in Today's HR World (pages 23-43)
Mita Mishant Mehta (Symbiesis International University (Deemed), India), Vijaylaxmi Yadav (Tata Consultancy Services, India), Richa Pancholi (Tata Consultancy Services, India), Arti Chandani
(Symbiosis International University (Deemed), India), Nirav A. Mandir (Shree Ramkrishna Exports Pyt Lid., India)
The chapter analyzes the impact of spiritual intelligence on leadership. The research inciudes both primary and secondary data. The data is collected through two surveys: SISE| 24 for measuring
the spiritual intefligence and MLQ for. ..
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© Chapter 3 =
Spiritual Leadership in Collectivist Cultures: Turkey Example (pages 44-69)
Elif Baykal (istanbul Medipol University, Turkey)

Besides financial freedom, the need for finding meaning and inner satisfaction at work has made people search for more spiritual organizations and leaders. A spiritual leadership style is a holistic
leadership approach wherein the. .

EBE © chapter4

Endurance of New Women in Corporate World Through Spiritualism (pages 70-84)
Jyotirmayee Ojha (Kalinga Institute of Industrial Technology, India), Deepanjali Mishra (Kalinga Institute of Industrial Technology, India)

Spiritualism and feminism are an analogous track, for the most part now prevailing in today's corporate world. The corporate world is a proactive activity, but often the organisation reacts to events in
the outside world that are_.

ESEES © chapters

Science, Spirituatism, and Language: A Bond of Inseparableness With Life (pages 85-97)

Lily Kumar Padhy (Kalinga Institute of Industrial Technology, India), Deepanjali Mishra {Kalinga Institute of Industrial Technology, India)

Since the time of human civilization, the punitive investigations in the three determinant demeanors, which impinge from Flato to Tagore and from Newion to Einstein are language, science, and
spiritualism. The ultimate nobility of ..

ESEEE © chapters

Spintual Revival and Management Practices: Modern Approach to Management (pages 98-113)

Madhumita Chanda (Heritage Institute of Technology, India), Amrita Chanda {Christ University (Deemed), india)

The author proposes an in-depth analysis of the basics of spiritualism, its true implications, and underscores the importance of spiritual guotient (SQ) or spirtual intelligence (S1) in the present socio-
economic context and the...

E3EEN © Chapter 7

Spiritual Education for Sustainability in Women With Reference to Autobiographies {pages 114-124)
Fapiva Chatterjee (Kalinga Institute of Industrial Technology, India), Deepanjali Mishra (Kalinga Insiitute of Industrial Technology. India)

Spirituality is more or less measured with refigion and morality, where both these words are emotional and deal with the public and private life. If education as widely accepted, is learning to see with
new eyes then agreeably. .

ERLE & chapters

Veganism in the Bhagwad Gita (pages 125-152)
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Spiritual Education for Sustainability in Women With Reference to Autobiographies (pages 114-124)

Fapiya Chatterjee (Kalinga Institute of Industrial Technology, India), Deepanjali Mishra (kKalinga Insiitute of Indusinal Technology. India)

Spirituality 15 more or less measured with religion and morality, where both these words are emotional and deal with the public and private life. If education as widely accepted, is learning to see with
new eyes then agreeably...

ESES & chapters

Veganism in the Bhagwad Gita (pages 125-152)

Pratyush Ranjan (G. M. University, India), Sanskruti Pujari (G. M. University, India}

This chapter will start by giving a brief description about the most contextually relevant portions of the Bhagwad Gita (the Song of the Spirit) and go on to establish its stark opposition to egoism in
general and anthropocentrism.

ESEEE & chaptero

Spintuality in the Workplace: Mindfulness-inspired Strategies for Productivity and Self-Management (pages 153-174)
Stephanie Bianchi (Mindful Guatemala Foundation, Guatemala)

The importance of appreaching life in an interconnected way seems to be on the rise. Interconnectedness, a concept that lies in the heart of many spiritual practices, stems from the realization that
we inter-are with one another and ...

E3EEN © Chapter 10

The Efficacy of Spiritual Transcendence Scales Among Muslim Students in Malaysia (pages 175-191)

AbdulGartar Olawale Fahm (Lniversity of llonn, Nigeria), Kazeem Kayode Bakare (Al-Madinah International University, Malaysia)

This chapter explores the efficacy of spiritual franscendence scales developed by Ralph L. Piedmont in his ASPIRES Manual. This study employs a guantitative approach to assess the spiritual
transcendence scales among students in._.
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This chapter proposes a theoretical framework for parallel implementation of Deep Higher Order Neural Networks (HONNS). First,
we develop a new...
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Higher order neural networks (HONNs) have been proposed as new systems. In this paper, we show some theoretical results of
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Currently, a huge amount of data is available across various domains including biological data. Classification of these data,
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Sample PDF (/viewtitlesample.aspx?id=161024&ptid=1498248&t=Swarm Intelligence in Solving Bio-Inspired Computing Problems: Reviews,
Perspectives, and Challenges&isxn=9781522507888)

Chapter 6 $37.50
Evolutionary Algorithms: Concepts, Designs, and Applications in Bioinformatics (/chapter/evolutionary-algorithms/161025) (pages

111-137)
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Inspired from nature, evolutionary algorithms have been proven effective and unique in different real world applications.
Comparing to traditional...
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The recent developments in computational intelligence has enhances the applicability of empirical modelling in different areas
particularly in the...
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Amino-acid sequences play a pivotal role for the structure of proteins. Alterations in a single amino-acid may vary the protein
functioning....
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Breast cancer is the second leading cause of cancer deaths in women worldwide. Early diagnosis of this illness can increase the
chances of long-term...
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In this chapter, we do synthesis of three partially different areas of research: complex networks, evolutionary computation and
deterministic chaos....
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Intelligent System (IS) can be defined as the system that incorporates intelligence into applications being handled by machines.
The chapter...
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In this article, the necessity of having developmental learning embedded in a swarm intelligence algorithm is confirmed by briefly
considering brain...
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The Artificial Neural Network (ANN) models gained a wide popularity owing to a number of claimed advantages such as biological
plausibility...
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Mobile Ad hoc Network or MANET s a collection of heterogeneous mobile nodes and is infrastructure-less by choice or by default.
MANET is prone to...
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method-for-classification-using-data-mining-technique-for-diabetes/161037) (pages 426-449)
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Many researchers in the health information system field have been attracted to develop computer applications that help in the
diagnosis process....
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Dipti Singh, Kusum Deep

Due to their wide applicability and easy implementation, Genetic algorithms (GAs) are preferred to solve many optimization
problems over other...
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An Artificial Neural Network Model as the Decision Support System of Ports (/chapter/an-artificial-neural-network-model-as-the-
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Can Elmar Balas

The new feasibility analysis model proposed in this study for coastal projects consists of three interrelated decision support
models: 1) Artificial...
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M. Mohammadian, R. J. Stonier

This paper considers issues in the design and construction of a fuzzy logic system to model complex (nonlinear) systems. Several
important...
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Julien Maitre, Sébastien Gaboury, Bruno Bouchard, Abdenour Bouzouane

Knowledge on asynchronous machine parameters (resistances, inductances...) has become necessary for the manufacturing
industry in the interest of...
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This chapter presents two higher order neural networks (HONN) for efficient prediction of stock market behavior. The models
include Pi-Sigma, and...
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Company default prediction is a widely studied topic as it has a significant impact on banks and firms. Moreover, nowadays, due to
the global...
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Barring any cancer prevention breakthroughs, the expansion of the aged population will likely increase number of older individuals
diagnosed for...
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Ken Saito, Minami Takato, Yoshifumi Sekine, Fumio Uchikoba

Hexapod locomotive Micro-Electro Mechanical Systems (MEMS) microrobot with Pulse-type Hardware Neural Networks (P-HNN)
locomotion controlling system...
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Ming Zhang

This chapter develops a new nonlinear model, Ultra high frequency Polynomial and Trigonometric Higher Order Neural Networks
(UPT-HONN), for control...
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This chapter develops a new nonlinear model, Ultra high frequency siGmoid and Trigonometric Higher Order Neural Networks
(UGT-HONN), for data...
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Ming Zhang

This chapter develops two new nonlinear artificial higher order neural network models. They are Sine and Sine Higher Order
Neural Networks...
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Wiy ey

New open box and nonlinear model of Cosine and Sigmoid Higher Order Neural Network (CS-HONN) is presented in this paper. A
new learning algorithm...

Sample PDF (/viewtitlesample.aspx?id=161050&ptid=1498248&t=Cosine and Sigmoid Higher Order Neural Networks for Data
Simulations&isxn=9781522507888)

Chapter 30 $37.50
Higher Order Neural Network for Financial Modeling and Simulation (/chapter/higher-order-neural-network-for-financial-modeling-

and-simulation/161051) (pages 761-788)

Partha Sarathi Mishra, Satchidananda Dehuri

Financial market creates a complex and ever changing environment in which population of investors are competing for profit.
Predicting the future...

Sample PDF (/viewtitlesample.aspx?id=1610518&ptid=1498248&t=Higher Order Neural Network for Financial Modeling and
Simulation&isxn=9781522507888)

Chapter 31 $37.50
Ultra High Frequency SINC and Trigonometric Higher Order Neural Networks for Data Classification (/chapter/ultra-high-
frequency-sinc-and-trigonometric-higher-order-neural-networks-for-data-classification/161052) (pages 789-829)

Ming Zhang

This chapter develops a new nonlinear model, Ultra high frequency SINC and Trigonometric Higher Order Neural Networks (UNT-

HONN), for Data...

Sample PDF (/viewtitlesample.aspx?id=161052&ptid=149824&t=Ultra High Frequency SINC and Trigonometric Higher Order Neural Networks
for Data Classification&isxn=9781522507888)

Chapter 32 $37.50
Swarm Intelligence for Biometric Feature Optimization (/chapter/swarm-intelligence-for-biometric-feature-optimization/161053)

(pages 830-863)

Santosh Kumar, Deepanwita Datta, Sanjay Kumar Singh

Swarm Intelligence (SI) and bio-inspired computation has gathered great attention in research in the last few years. Numerous SI-
based optimization...

Sample PDF (/viewtitlesample.aspx?id=161053&ptid=149824&t=Swarm Intelligence for Biometric Feature
Optimization&isxn=9781522507888)

Chapter 33 $37.50

Particle Swarm Optimization Algorithm as a Tool for Profiling from Predictive Data Mining Models (/chapter/particle-swarm-
optimization-algorithm-as-a-tool-for-profiling-from-predictive-data-mining-models/161054) (pages 864-892)
Goran Klepac

This chapter introduces the methodology of particle swarm optimization algorithm usage as a tool for finding customer profiles
based on a previously...

Sample PDF (/viewtitlesample.aspx?id=1610548&ptid=149824&t=Particle Swarm Optimization Algorithm as a Tool for Profiling from Predictive
Data Mining Models&isxn=9781522507888)

Chapter 34 $37.50
Quantum Behaved Swarm Intelligent Techniques for Image Analysis: A Detailed Survey (/chapter/quantum-behaved-swarm-

intelligent-techniques-for-image-analysis/161055) (pages 893-931)

Sandip Dey, Siddhartha Bhattacharyya, Ujjwal Maulik

In this chapter, an exhaustive survey of quantum behaved techniques on swarm intelligent is presented. The techniques have
been categorized into...

Sample PDF (/viewtitlesample.aspx?id=161055&ptid=149824&t=Quantum Behaved Swarm Intelligent Techniques for Image Analysis: A
Detailed Survey&isxn=9781522507888)

Chapter 35 $37.50

Navigation Control of a Mobile Robot under Time Constraint using Genetic Algorithms, CSP Techniques, and Fuzzy Logic
(/chapter/navigation-control-of-a-mobile-robot-under-time-constraint-using-genetic-algorithms-csp-techniques-and-fuzzy-
logic/161056) (pages 932-954)

Tlijani Hayet, Tlijani Hatem, Knani Jilani

This chapter proposes a two-input-and-one-output fuzzy controller for a two-wheeled mobile robot. The robot moves following a
hybrid plan based on...

Sample PDF (/viewtitlesample.aspx?id=161056&ptid=149824&t=Navigation Control of a Mobile Robot under Time Constraint using Genetic
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Chapter 36 $37.50
A Survey on Swarm Robotics (/chapter/a-survey-on-swarm-robotics/161058) (pages 956-998)
Ying Tan

In this chapter, the current work on swarm robotics is briefly reviewed. Swarm robotics, inspired from nature swarm, is a
combination of swarm...
Sample PDF (/viewtitlesample.aspx?id=161058&ptid=149824&t=A Survey on Swarm Robotics&isxn=9781522507888)
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Chapter 37 $37.50
Using a Hybrid System Composed of Neural Networks and Genetic Algorithms for Financial Forecasting (/chapter/using-a-hybrid-
system-composed-of-neural-networks-and-genetic-algorithms-for-financial-forecasting/161059) (pages 999-1007)

Mihaela Dumitrescu

The possibility of applying artificial neural networks in different areas determined the discovery of more complex structures. This

chapter...

Sample PDF (/viewtitlesample.aspx?id=161059&ptid=1498248&t=Using a Hybrid System Composed of Neural Networks and Genetic
Algorithms for Financial Forecasting&isxn=9781522507888)

Chapter 38 $37.50

Analytics on Fireworks Algorithm Solving Problems with Shifts in the Decision Space and Objective Space (/chapter/analytics-on-
fireworks-algorithm-solving-problems-with-shifts-in-the-decision-space-and-objective-space/161060) (pages 1008-1038)
Shi Cheng, Quande Qin, Junfeng Chen, Yuhui Shi, Qingyu Zhang

Fireworks algorithms for solving problems with the optima shift in decision space and/or objective space are analyzed in this paper.
The standard...

Sample PDF (/viewtitlesample.aspx?id=161060&ptid=149824&t=Analytics on Fireworks Algorithm Solving Problems with Shifts in the Decision
Space and Objective Space&isxn=9781522507888)

Chapter 39 $37.50
Studies of Computational Intelligence Based on the Behaviour of Cockroaches (/chapter/studies-of-computational-intelligence-

based-on-the-behaviour-of-cockroaches/161061) (pages 1039-1086)

Amartya Neogi

In this chapter, the author expands the notion of computational intelligence using the behavior of cockroaches. An introduction to
cockroach as...

Sample PDF (/viewtitlesample.aspx?id=161061&ptid=1498248&t=Studies of Computational Intelligence Based on the Behaviour of
Cockroaches&isxn=9781522507888)

Chapter 40 $37.50

Application of Genetic Algorithms in Inventory Control (/chapter/application-of-genetic-algorithms-in-inventory-control/161062)
(pages 1087-1098)
Vinod Kumar Mishra

The genetic algorithm (GA) is an adaptive heuristic search procedures based on the mechanics of natural selection and natural
genetics. Inventory...
Sample PDF (/viewtitlesample.aspx?id=161062&ptid=149824&t=Application of Genetic Algorithms in Inventory Control&isxn=9781522507888)

Chapter 41 $37.50

Utilizing Feature Selection on Higher Order Neural Networks (/chapter/utilizing-feature-selection-on-higher-order-neural-
networks/161063) (pages 1099-1114)
Zongyuan Zhao, Shuxiang Xu, Byeong Ho Kang, Mir Md Jahangir Kabir, Yunling Liu, Rainer Wasinger

Artificial Neural Network has shown its impressive ability on many real world problems such as pattern recognition, classification
and function...

Sample PDF (/viewtitlesample.aspx?id=161063&ptid=149824&t=Utilizing Feature Selection on Higher Order Neural
Networks&isxn=9781522507888)

Chapter 42 $37.50
On the Accelerated Convergence of Genetic Algorithm Using GPU Parallel Operations (/chapter/on-the-accelerated-convergence-

of-genetic-algorithm-using-gpu-parallel-operations/161064) (pages 1115-1130)

Cheng-Chieh Li, Jung-Chun Liu, Chu-Hsing Lin, Winston Lo

The genetic algorithm plays a very important role in many areas of applications. In this research, the authors propose to accelerate
the evolution...

Sample PDF (/viewtitlesample.aspx?id=1610648&ptid=1498248&t=0n the Accelerated Convergence of Genetic Algorithm Using GPU Parallel
Operations&isxn=9781522507888)

Chapter 43 $37.50

Multi-Objective Generation Scheduling Using Genetic-Based Fuzzy Mathematical Programming Technique (/chapter/multi-
objective-generation-scheduling-using-genetic-based-fuzzy-mathematical-programming-technique/161065) (pages 1131-1160)
Abdellah Derghal, Noureddine Goléa

This chapter presents a solution for multi-objective Optimal Power Flow (OPF) problem via a genetic fuzzy formulation algorithm
(GA-FMOPF). The OPF...

Sample PDF (/viewtitlesample.aspx?id=161065&ptid=149824&t=Multi-Objective Generation Scheduling Using Genetic-Based Fuzzy
Mathematical Programming Technique&isxn=9781522507888)

Chapter 44 $37_50

Comparative Analysis of Statistical, Machine Learning, and Grey Methods for Short-Term Electricity Load Forecasting
(/chapter/comparative-analysis-of-statistical-machine-learning-and-grey-methods-for-short-term-electricity-load-
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Tuncay Ozcan, Tarik Kiiglikdeniz, Funda Hatice Sezgin

Electricity load forecasting is crucial for electricity generation companies, distributors and other electricity market participants. In
this study...

Sample PDF (/viewtitlesample.aspx?id=161066&ptid=149824&t=Comparative Analysis of Statistical, Machine Learning, and Grey Methods for
Short-Term Electricity Load Forecasting&isxn=9781522507888)

Chapter 45 $37.50

Evaluation of Genetic Algorithm as Learning System in Rigid Space Interpretation (/chapter/evaluation-of-genetic-algorithm-as-
learning-system-in-rigid-space-interpretation/161067) (pages 1184-1228)

Bhupesh Kumar Singh

Genetic Algorithm (GA) (a structured framework of metaheauristics) has been used in various tasks such as search optimization
and machine learning....

Sample PDF (/viewtitlesample.aspx?id=161067&ptid=149824&t=Evaluation of Genetic Algorithm as Learning System in Rigid Space
Interpretation&isxn=9781522507888)

Chapter 46 $37.50

Application of Artificial Intelligence Techniques to Handle the Uncertainty in the Chemical Process for Environmental Protection
(/chapter/application-of-artificial-intelligence-techniques-to-handle-the-uncertainty-in-the-chemical-process-for-environmental-
protection/161068) (pages 1229-1260)

Tianxing Cai

In the chemical process, the uncertainties are always encountered. Therefore, the algorithm of process modeling, simulation,
optimization, and...

Sample PDF (/viewtitlesample.aspx?id=161068&ptid=1498248&t=Application of Artificial Intelligence Techniques to Handle the Uncertainty in
the Chemical Process for Environmental Protection&isxn=9781522507888)

Chapter 47 $37.50
Application of Biologically Inspired Techniques for Industrial and Environmental Research via Air Quality Monitoring Network
(/chapter/application-of-biologically-inspired-techniques-for-industrial-and-environmental-research-via-air-quality-monitoring-

network/161069) (pages 1261-1288)

Tianxing Cai

Industrial and environmental research will always involve the study of the cause-effect relationship between the emissions and the
surrounding...

Sample PDF (/viewtitlesample.aspx?id=161069&ptid=149824&t=Application of Biologically Inspired Techniques for Industrial and
Environmental Research via Air Quality Monitoring Network&isxn=9781522507888)

Chapter 48 $37.50

Comparative Analysis of Neural Network and Fuzzy Logic Techniques in Credit Risk Evaluation (/chapter/comparative-analysis-of-
neural-network-and-fuzzy-logic-techniques-in-credit-risk-evaluation/161070) (pages 1289-1305)

Asogbon Mojisola Grace, Samuel Oluwarotimi Williams

Credit risk evaluation techniques that aid effective decisions in credit lending are of great importance to the financial and banking
industries....

Sample PDF (/viewtitlesample.aspx?id=161070&ptid=149824&t=Comparative Analysis of Neural Network and Fuzzy Logic Techniques in
Credit Risk Evaluation&isxn=9781522507888)

Chapter 49 $37.50
Using Self Organizing Maps for Banking Oversight: The Case of Spanish Savings Banks (/chapter/using-self-organizing-maps-for-

banking-oversight/161071) (pages 1306-1332)

Felix Lopez-lturriaga, Ivan Pastor-Sanz

This chapter combines two methods based on neural networks (trait recognition and self-organizing maps) to develop a model of
bankruptcy prediction....

Sample PDF (/viewtitlesample.aspx?id=161071&ptid=149824&t=Using Self Organizing Maps for Banking Oversight: The Case of Spanish
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Chapter 50 $37.50

Application of Genetic Algorithm and Back Propagation Neural Network for Effective Personalize Web Search-Based on Clustered
Query Sessions (/chapter/application-of-genetic-algorithm-and-back-propagation-neural-network-for-effective-personalize-web-
search-based-on-clustered-query-sessions/161072) (pages 1333-1352)

Suruchi Chawla

In this paper novel method is proposed using hybrid of Genetic Algorithm (GA) and Back Propagation (BP) Artificial Neural
Network (ANN) for learning...
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Chapter 51 $37.50
Role of Consumer Engagement and Swarm Intelligence in Management of a Brand at Social Media (/chapter/role-of-consumer-

engagement-and-swarm-intelligence-in-management-of-a-brand-at-social-media/161074) (pages 1354-1370)
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Rajshree Singh

The traditional media has its own place and will always be there but the revolution in marketing era will change the thinking of the
society as a...
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Chapter 52 $37.50

Parameter Optimization of Photovoltaic Solar Cell and Panel Using Genetic Algorithms Strategy (/chapter/parameter-optimization-
of-photovoltaic-solar-cell-and-panel-using-genetic-algorithms-strategy/161075) (pages 1371-1390)

Benmessaoud Mohammed Tarik, Fatima Zohra Zerhouni, Amine Boudghene Stambouli, Mustapha Tioursi, Aouad M'harer

In this chapter, we propose to perform a numerical technique based on genetic algorithms (GAs) to identify the electrical
parameters (Is, Iph, Rs...
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Chapter 53 $37.50

Customer Profiling in Complex Analytical Environments Using Swarm Intelligence Algorithms (/chapter/customer-profiling-in-
complex-analytical-environments-using-swarm-intelligence-algorithms/161076) (pages 1391-1422)

Goran Klepac

Customer profiling is always an interesting task from perspective of business. It became even bigger challenge in situation of
complex analytical...

Sample PDF (/viewtitlesample.aspx?id=161076&ptid=1498248&t=Customer Profiling in Complex Analytical Environments Using Swarm
Intelligence Algorithms&isxn=9781522507888)
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Stochastic Drought Forecasting Exploration for Water Resources Management in the Upper Tana River Basin, Kenya
(/chapter/stochastic-drought-forecasting-exploration-for-water-resources-management-in-the-upper-tana-river-basin-
kenya/161077) (pages 1423-1455)

Raphael M. Wambua, Benedict M. Mutua, James M. Raude

This chapter presents the trend of drought as a stochastic natural disaster influenced by the climate variability for the upper Tana
River basin in...
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Chapter 55 $37.50

Theoretical Analyses of the Universal Approximation Capability of a Class of Higher Order Neural Networks Based on
Approximate Identity (/chapter/theoretical-analyses-of-the-universal-approximation-capability-of-a-class-of-higher-order-neural-
networks-based-on-approximate-identity/161078) (pages 1456-1470)

Saeed Panahian Fard, Zarita Zainuddin

One of the most important problems in the theory of approximation functions by means of neural networks is universal
approximation capability of...
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Chapter 56 $37.50
Al-Based Cyber Defense for More Secure Cyberspace (/chapter/ai-based-cyber-defense-for-more-secure-cyberspace/161079)

(pages 1471-1489)

Dimitar Stevo Bogatinov, Mitko Bogdanoski, Slavko Angelevski

The growing network attacks and intrusions have put the government organizations at a great risk. In cyberspace, humans have
great limitations in...
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Chapter 57 $37.50

Hybrid BFO and PSO Swarm Intelligence Approach for Biometric Feature Optimization (/chapter/hybrid-bfo-and-pso-swarm-
intelligence-approach-for-biometric-feature-optimization/161080) (pages 1490-1518)

Santosh Kumar, Sanjay Kumar Singh

Nature-inspired novel swarm intelligence algorithms have gained more proliferation due to a variety of applications and uses in
optimization of...
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Chapter 58 $37.50
From Optimization to Clustering: A Swarm Intelligence Approach (/chapter/from-optimization-to-clustering/161081) (pages 1519-
1544)

Megha Vora, T. T. Mirnalinee

https://www.igi-global.com/book/nature-inspired-computing/149824 31/34


https://www.igi-global.com/chapter/role-of-consumer-engagement-and-swarm-intelligence-in-management-of-a-brand-at-social-media/161074
https://www.igi-global.com/viewtitlesample.aspx?id=161074&ptid=149824&t=Role%20of%20Consumer%20Engagement%20and%20Swarm%20Intelligence%20in%20Management%20of%20a%20Brand%20at%20Social%20Media&isxn=9781522507888
https://www.igi-global.com/chapter/parameter-optimization-of-photovoltaic-solar-cell-and-panel-using-genetic-algorithms-strategy/161075
https://www.igi-global.com/viewtitlesample.aspx?id=161075&ptid=149824&t=Parameter%20Optimization%20of%20Photovoltaic%20Solar%20Cell%20and%20Panel%20Using%20Genetic%20Algorithms%20Strategy&isxn=9781522507888
https://www.igi-global.com/chapter/customer-profiling-in-complex-analytical-environments-using-swarm-intelligence-algorithms/161076
https://www.igi-global.com/viewtitlesample.aspx?id=161076&ptid=149824&t=Customer%20Profiling%20in%20Complex%20Analytical%20Environments%20Using%20Swarm%20Intelligence%20Algorithms&isxn=9781522507888
https://www.igi-global.com/chapter/stochastic-drought-forecasting-exploration-for-water-resources-management-in-the-upper-tana-river-basin-kenya/161077
https://www.igi-global.com/viewtitlesample.aspx?id=161077&ptid=149824&t=Stochastic%20Drought%20Forecasting%20Exploration%20for%20Water%20Resources%20Management%20in%20the%20Upper%20Tana%20River%20Basin,%20Kenya&isxn=9781522507888
https://www.igi-global.com/chapter/theoretical-analyses-of-the-universal-approximation-capability-of-a-class-of-higher-order-neural-networks-based-on-approximate-identity/161078
https://www.igi-global.com/viewtitlesample.aspx?id=161078&ptid=149824&t=Theoretical%20Analyses%20of%20the%20Universal%20Approximation%20Capability%20of%20a%20Class%20of%20Higher%20Order%20Neural%20Networks%20Based%20on%20Approximate%20Identity&isxn=9781522507888
https://www.igi-global.com/chapter/ai-based-cyber-defense-for-more-secure-cyberspace/161079
https://www.igi-global.com/viewtitlesample.aspx?id=161079&ptid=149824&t=AI-Based%20Cyber%20Defense%20for%20More%20Secure%20Cyberspace&isxn=9781522507888
https://www.igi-global.com/chapter/hybrid-bfo-and-pso-swarm-intelligence-approach-for-biometric-feature-optimization/161080
https://www.igi-global.com/viewtitlesample.aspx?id=161080&ptid=149824&t=Hybrid%20BFO%20and%20PSO%20Swarm%20Intelligence%20Approach%20for%20Biometric%20Feature%20Optimization&isxn=9781522507888
https://www.igi-global.com/chapter/from-optimization-to-clustering/161081

12/5/21, 8:36 PM Nature-Inspired Computing: Concepts, Methodologies, Tools, and Applications (3 Volumes): 9781522507888: Computer Science ...

In the past two decades, Swarm Intelligence (Sl)-based optimization techniques have drawn the attention of many researchers for
finding an efficient...
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Chapter 59 $37.50
Potential Indicators Based Neural Networks for Cash Forecasting of an ATM (/chapter/potential-indicators-based-neural-networks-

for-cash-forecasting-of-an-atm/161082) (pages 1545-1563)

Partha Sarathi Mishra, Satchidananda Dehuri

Cash forecasting is one of the important tasks in the domain of computational finance. A number of tools have been developed by
various groups of...
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Chapter 60 $37.50
Swarm Intelligence for Dimensionality Reduction: How to Improve the Non-Negative Matrix Factorization with Nature-Inspired

Optimization Methods (/chapter/swarm-intelligence-for-dimensionality-reduction/161083) (pages 1564-1589)

Andreas Janecek, Ying Tan

Low-rank approximations allow for compact representations of data with reduced storage and runtime requirements and reduced
redundancy and noise....
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Chapter 61 $37.50
Determination of Bearing Capacity of Shallow Foundation Using Soft Computing (/chapter/determination-of-bearing-capacity-of-

shallow-foundation-using-soft-computing/161084) (pages 1590-1626)

Jagan J., Swaptik Chowdhury, Pratik Goyal, Pijush Samui, Yildirim Dalkili¢

The ultimate bearing capacity is an important criterion for the successful implementation of any geotechnical projects. This chapter
studies the...
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Chapter 62 $37.50
Green Computing and Its Impact (/chapter/green-computing-and-its-impact/161086) (pages 1628-1642)
Shailendra Singh, Sunita Gond

The mission “Saving Earth” has become need of all of us to sustain life on the earth. There are many holistic approaches for
Green Computing which...
Sample PDF (/viewtitlesample.aspx?id=161086&ptid=149824&t=Green Computing and Its Impact&isxn=9781522507888)

Chapter 63 $37.50

Schematic Classification Model of Green Computing Approaches (/chapter/schematic-classification-model-of-green-computing-
approaches/161087) (pages 1643-1650)

Nishtha Kesswani, Shelendra Kumar Jain

Every electronic device has an impact on the environment, and computing devices are not an exception. Green computing is a
highly motivated smart...
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Chapter 64 $37.50

Prediction of International Stock Markets Based on Hybrid Intelligent Systems (/chapter/prediction-of-international-stock-markets-
based-on-hybrid-intelligent-systems/161088) (pages 1651-1667)
Salim Lahmiri

This paper compares the accuracy of three hybrid intelligent systems in forecasting ten international stock market indices; namely
the CAC40, DAX...
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Chapter 65 $37.50
Green and Energy-Efficient Computing Architecture for E-Learning (/chapter/green-and-energy-efficient-computing-architecture-

for-e-learning/161089) (pages 1668-1692)

K. Palanivel, S. Kuppuswami

Information and Communication Technology (ICT) is one of the fast growing industries that facilitate many latest services to the
users and...

Sample PDF (/viewtitlesample.aspx?id=161089&ptid=149824&t=Green and Energy-Efficient Computing Architecture for E-
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Adoption of Virtualization in Cloud Computing: A Foundation Step towards Green Computing (/chapter/adoption-of-virtualization-in-
cloud-computing/161090) (pages 1693-1700)

Nusratullah Khan, Asadulah Shah, Kajal Nusratullah

There has been rapid expansion of the information technology due to contribution to emission of carbon dioxide. The cloud

computing technology has...
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Toward a Sustainable Fishery Management Policy: An Artificial Neural Network Model for Predicting Bull Shark (Carcharhinus
Leucas) Presence (/chapter/toward-a-sustainable-fishery-management-policy/161091) (pages 1701-1722)

Steven P. Coy, Margaret F. Shipley, J. Brooke Shipley-Lozano

This article proposes an Artificial Neural Network (ANN) model to predict neonatal and juvenile bull shark habitat usage in the
Sabine Pass, located...
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Chapter 68 $37.50

The Contribution of Teleworking towards a Green Computing Environment (/chapter/the-contribution-of-teleworking-towards-a-
green-computing-environment/161092) (pages 1723-1738)

Iheanyi Chuku Egbuta, Brychan Thomas, Said Al-Hasan

The aims of the chapter are to consider the strategic green issues of teleworking in terms of the environment, transport, location,
office space...
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Chapter 69 $37.50

New Genetic Operator (Jump Crossover) for the Traveling Salesman Problem (/chapter/new-genetic-operator-jump-crossover-for-
the-traveling-salesman-problem/161093) (pages 1739-1752)

Hicham EIl Hassani, Said Benkachcha, Jamal Benhra

Inspired by nature, genetic algorithms (GA) are among the greatest meta-heuristics optimization methods that have proved their
effectiveness to...

Sample PDF (/viewtitlesample.aspx?id=161093&ptid=149824&t=New Genetic Operator (Jump Crossover) for the Traveling Salesman
Problem&isxn=9781522507888)

Chapter 70 $37.50

Improving Performance of Higher Order Neural Network using Atrtificial Chemical Reaction Optimization: A Case Study on Stock
Market Forecasting (/chapter/improving-performance-of-higher-order-neural-network-using-artificial-chemical-reaction-
optimization/161094) (pages 1753-1780)

Sarat Chandra Nayak, Bijan Bihari Misra, Himansu Sekhar Behera

Multilayer neural networks are commonly and frequently used technique for mapping complex nonlinear input-output relationship.
However, they add...
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Seismic Analysis of RC Framed Tall )
Structures with Plan Irregularity e i

Saurav Kar and Tapas Sadhu

Abstract For the last few decades, architects, designers and structural engineers
have focused on various advanced architectural aspects of reinforced concrete and
steel structures. Regular plan buildings are quite commonly existent in India, while
irregular plan buildings are in practice. These asymmetrical plan buildings, which are
constructed in seismic prone areas, are most vulnerable and prone to subsequent dam-
age during earthquakes. Seismic excitations generate the most destructive forces on
structures. In accordance with newly revised Indian Code for Earthquake Provisons
i.e. IS 1893:2016. In this present paper, high rise RC buildings have been modelled
using a software package like STAAD.Pro V8i. Various models of irregular plans
(e.g. U-, L-, T- and X-shaped) each of 25 storeyed (75 m each) have been taken into
account. All the building models are located in high intensity seismic zone IV. As
per IS 1893:2016, equivalent static analysis and dynamic response spectrum method
have been conducted on all the building models. Even though various irregularities
(such as torsional irregularity, stiffness irregularity) affect the seismic behaviour,
this paper primarily concentrates on the effect of geometric irregularity on various
RC structures. The paper also highlights both on which irregular shape of building
plan gives the severe most response towards ground motion and also the accuracy of
dynamic analysis conducted on high rise RC structures compared to static analysis.

Keywords Asymmetrical structures - Torsional irregularity + Plan irregularity *
Oscillation - Floor displacement
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Foreword

Image analysis and understanding have been daunting tasks in computer vision given the
high level of uncertainty involved therein. At the same time, a proper analysis of images
plays a key role in many real-life applications. Examples of applications include image
processing, image mining, image inpainting, video surveillance, and intelligent trans-
portation systems, to name a few. Albeit there exists a plethora of classical techniques for
addressing the problem of image analysis, which include filtering, hierarchical morpho-
logic algorithms, 2D histograms, mean shift clustering, and graph-based segmentation,
most of these techniques often fall short owing to their incapability in handling inherent
real-life uncertainties. In past decades, researchers have been able to address different
types of uncertainties prevalent in real-world images, thanks to the evolving state of the
art of intelligent tools and techniques such as convolutional neural networks (CNN5s)
and deep learning. In this direction, computational intelligence techniques deserve spe-
cial mention owing to their flexibility, application-free usability, and adaptability. Of
late, hybridization of different computational intelligence techniques has come up with
promising avenues in that these are more robust and offer more efficient solutions in
real time.

This book aims to introduce the readers with the basics of image analysis and
understanding, with recourse to image thresholding, image segmentation, and image
and multimedia data analysis. The book also focuses on the foundations of hybrid
intelligence as it applies to image analysis and understanding. As a sequel to this,
different state-of-the-art hybrid intelligent techniques for addressing the problem of
image analysis will be illustrated to enlighten the readers of upcoming research trends.

As an example of the recent trends in image analysis and understanding, albeit aging
mitigates the glamor in human beings, wrinkles in face images can often be used for
estimation of age progression in human beings. This can be further utilized for trac-
ing unknown or missing persons. Images exhibit varied uncertainty and ambiguity of
information, and hence understanding an image scene is far from being a general pro-
cedure. The situation becomes even graver when the images become corrupt with noise
artifacts.

In this book, the editors have attempted to deliver some of the recent trends in hybrid
intelligence as it applies to image analysis and understanding. The book contains 17
well-versed chapters illustrating diversified areas of application of image analysis using
hybrid intelligence. These include multilevel image segmentation, character recogni-
tion, image analysis, video image processing, hyperspectral image analysis, and medical
image analysis.
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Foreword

The first chapter deals with multilevel image segmentation. The authors propose
a modified genetic algorithm (MfGA) to generate the optimized class levels of the
multilevel images, and those class levels are employed as the initial input in the
fuzzy c-means (FCM) algorithm. A performance comparison is depicted between the
MfGA-based FCM algorithm, the conventional genetic algorithm (GA)-based FCM
algorithm, and the well-known FCM algorithm with the help of three real-life multilevel
grayscale images. The comparison revealed the superiority of the proposed method
over the other two image segmentation algorithms.

Chapters 2 to 5 address the issue of character recognition and soft biometrics.
Chapter 2 shows pros and cons of an entropy-based FCM clustering technique to
classify huge training data for English character recognition. In chapter 3, the authors
propose a two-stage word-level script identification technique for eight handwritten
popular scripts, namely, Bangla, Devanagari, Gurumukhi, Oriya, Malayalam, Telugu,
Urdu, and Roman. Firstly, discrete wavelet transform (DWT) is applied on the input
word images to extract the most representative information, whereas in the second
stage, radon transform (RT) is applied to the output of the first stage to compute a set
of 48 statistical features from each word image. Chapter 4 presents a skin color region
segmentation method based on K-means clustering and Mahalanobis distance for static
hand gesture recognition. The final chapter in this group deals with soft-biometrics
prediction. There, three prediction systems are developed using a support vector
machine (SVM) classifier associated to various gradient and textural features. Since
different features yield different aspects of characterization, the authors investigate
classifier combination in order to improve the prediction accuracy. As a matter of fact,
the fuzzy integral is used to produce a robust soft-biometrics prediction.

Chapters 6 and 7 focus on image analysis applications. More specifically, in chapter 6,
the authors draw an analogy and comparison between the working principle of CNNs
and the human brain. In chapter 7, the authors propose a framework for human action
recognition that is trained using evolutionary algorithms and deep learning. A CNN
classifier designed to recognize human actions from action bank features is initialized
by evolutionary algorithms and trained using back-propagation algorithms.

Chapter 8 is targeted to video image processing applications. The authors propose a
technique using Haar-like simple features to describe object models in chapter 8. This
technique is applied with Adaboost classifier for object detection on the video records.
The tracking method is described and illustrated by fusing global and local features.

Chapter 9 deals with a GIS-based application. The proposed GIS-anchored system
extends a helping hand toward common and innocent people and exposes the trails for
releasing themselves from the clutches of criminals. The chief intent of the proposed
work is to not only check out the hot-spot areas (the crime-prone areas), but also give
a glance to the flourishing of criminal activities in future. The process of determination
of hot-spots is carried out by associating rank (an integer value) to each ward/block on
the digitized map. The process of hooking up rank to a specific region is carried out on
the basis of criminal activity at that particular region.

Chapters 10 and 11 deal with hyperspectral image analysis. Chapter 10 covers the
hyperspectral data analysis and processing algorithms organized into three topics:
spectral unmixing, classification, and target identification. In chapter 11, the authors
deal with the band selection problem. They use the fuzzy k-nearest neighbors (KNN)



Foreword

technique to calculate the affinity of the band combination based on features extracted
by 2D principal component analysis (PCA).

The remaining chapters deal with medical image analysis using different hybrid intel-
ligent techniques. Chapter 12 aims to introduce several uncertainty-based hybrid clus-
tering algorithms and their applications in medical image analysis. In chapter 13, the
authors propose a diagnosis system for early detection of breast cancer tissues from
digital mammographic breast images using a Cuckoo search optimization algorithm and
SVM classifiers. In general, the complete diagnosis process involves various stages, such
as preprocessing of images, segmentation of the breast cancer region from its surround-
ings, extracting tissues of interest and then determining the associated features that may
be vital, and, finally, classifying the tissue into either benign or malignant. Chapter 14
proposes a new approach for biometric recognition, using dorsal, palm, finger, and wrist
veins of the hand. The analysis of these vein modalities is done in both the spatial domain
and frequency domain. In the spatial domain, a modified 2D Gabor filter is used for fea-
ture extraction, and these features are fused at both the feature level and score level for
further analysis. Similarly in the frequency domain, a contourlet transform is used for
feature extraction, a multiresolution singular value decomposition technique is utilized
for fusing these features, and further classification is done with the help of an SVM clas-
sifier. An automated segmentation technique has been proposed in chapter 15 for dig-
ital mammograms to detect abnormal mass/masses [i.e., tumor(s)]. The accuracy of an
automatic segmentation algorithm requires standardization (i.e., preparation of images
and preprocessing of medical images that are mandatory, distinct, and sequential). The
detection method is based on a modified seeded region growing algorithm (SRGA)
followed by a step-by-step statistical elimination method. Finally a decision-making sys-
tem is proposed to isolate mass/masses in mammograms. Chapter 16 presents a novel
method for the automatic detection of coronary stenosis in X-ray angiograms. In the
first stage, Gaussian matched filters (GMFs) are applied over the input angiograms for
the detection of coronary arteries. The GMF method is tuned in a training step apply-
ing differential evolution (DE) for the optimization process, which is evaluated using
the area under the receiver operating characteristic (ROC) curve. In the second stage,
an iterative thresholding method is applied to extract vessel-like structures from the
background of the Gaussian filter response. The authors of chapter 17 introduce an
efficient CAD system, based on multiresolution texture descriptors using 2D wavelet
transform, which has been implemented using a smooth SVM (SSVM) classifier. The
standard Mammographic Image Analysis Society (MIAS) dataset has been used for clas-
sifying the breast tissue into one of three classes, namely, fatty (F), fatty-glandular (FG),
and dense-glandular (DG). The performance of the SSVM-based CAD system has been
compared with SVM-based CAD system design.

From the varied nature of the case studies treated within the book, I am fully con-
fident and can state that the editors have done a splendid job in bringing forward the
facets of hybrid intelligence to the scientific community. This book will, hence, not only
serve as a good reference for senior researchers, but also stand in good stead for novice
researchers and practitioners who have started working in this field. Moreover, the book
will also serve as a reference book for some parts of the curriculum for postgraduate and
undergraduate disciplines in computer science and engineering, electronics and com-
munication engineering, and information technology.
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I invite the readers to enjoy the book and take advantage of its benefits. One could
join the team of computational intelligence designers and bring new insights into this

developing and challenging enterprise.

Italy, November 2016 Cesare Alippi
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Image processing happens to be a wide subject encompassing various problems therein.
The very understanding of different image-processing applications is not an easy task
considering the wide variety of contexts they represent. Naturally, the better the under-
standing, the better the analysis thereof is expected to be. The uncertainty and/or impre-
cision associated inherently in this field make the problem even more challenging. The
last two decades have witnessed several soft computing techniques for addressing such
issues. Each such soft computing method has strengths as well as shortcomings. As a
result, no individual soft computing technique offers a solution to such problems in
a comprehensive sense that is uniformly applicable. The concept of hybridization per-
vades from this situation, where more than one soft computing technique are subjected
to coupling with the hope that the weakness of one may be overcome by the other.
Present-time reporting is more oriented toward that. In fact, the present volume is also
aimed at inviting the contributions toward adequate justification for hybrid methods in
different aspects of image processing.

The authors of chapter 1 try to demonstrate the significance of using modified genetic
algorithms in obtaining optimized class levels, which when subsequently applied as ini-
tial input in the fuzzy c-means (FCM) algorithm overcome the limitation of possible
premature convergence in FCM-based clustering.

The authors justify through extensive experimentation in chapter 2 as to how
FCM-based clustering may be effectively hybridized with entropy-based clustering
for English character recognition. The main uniqueness of the contribution of chapter
3 is the development of a two-stage system capable of recognizing texts containing
multilingual handwritten scripts comprising eight Indian languages. The authors
substantiate the effectiveness of their method by evaluating an extensive database of
16,000 handwritten words with a reported achievement of 97.69%.

In chapter 4, the authors propose a robust technique based on K-means clustering
using a Mahalanobis distance metric to achieve static hand gesture recognition. In their
proposed method, they consider zoning-based shape feature extraction to overcome the
problem of misclassification associated to other techniques for this purpose.

The use of a support vector machine (SVM) for classification and effective
soft-biometric prediction on the basis of three gradient and texture features, and
how these features are combined to attain higher prediction accuracy, are the car-
dinal contributions of chapter 5. The authors validate their results by extensive
experimentation.

XXXi
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In chapter 6, the authors attempt to draw an effective comparison of the functioning
of a convolutional neural network (CNN) with that of the human brain by highlighting
the fundamental explanation for the functioning of CNNs.

In chapter 7, the authors demonstrate how hybridization of evolutionary optimized
deep learning may be effective in human behavior analysis.

The authors in chapter 8 explore how effectively various feature extraction techniques
may be used for vehicle tracking purposes with requisite validation by experimental
results.

Chapter 9 reports a GIS-anchored system that offers a helping hand toward common
and innocent people by identifying crime hotspot regions and thereby alerting them to
criminals’ possible whereabouts.

In chapter 10, authors offer hyper-spectral data analysis and processing algorithms
consisting of spectral unmixing, classification, and target identification. The effective-
ness is validated by adequate test results.

In chapter 11, the authors demonstrate the effectiveness of artificial immune systems
(AISs) in identifying important bands in hyperspectral images. The affinity of band com-
bination, derived based on 2D principal component analysis (2DPCA), is computed by
fuzzy k-nearest neighbor (KNN), reporting convincing results.

In chapter 12, the authors aim to study several hybrid clustering algorithms capable
of tackling uncertainties and their applications in medical image analysis.

In chapter 13, the authors hybridize Otsu thresholding and morphological segmenta-
tion algorithms to achieve accurate segmentation of breast cancer images. Subsequently,
relevant features are optimized using Cuckoo search, which in turn equips SVMs to clas-
sify breast images into benign or malignant. Their finding has been substantiated by the
accuracy reported.

Chapter 14 proposes a new approach for biometric recognition of a person, using dor-
sal, palm, finger, and wrist veins of the hand. The analysis of these vein modalities is done
in both the spatial domain and frequency domain with encouraging results reported.

In chapter 15, the authors are able to achieve a convincing performance in terms of
metrics like accuracy, sensitivity, and specificity of their proposed method, based on
computer-aided automated segmentation of mammograms comprising a seeded region
growing algorithm followed by statistical elimination and eventually decision making.

In chapter 16, authors provide a novel method for the automatic detection of coronary
stenosis in X-ray angiograms, comprising three stages: (1) differential evolution-based
optimization of Gaussian matching filters (GMFs), (2) application of iterative threshold-
ing of the Gaussian filter response, followed by (3) naive Bayes classification for deter-
mining vessel stenosis. Their technique is justified by encouraging experimental results.

In the work reported in chapter 17, the authors substantiate the effectiveness of an
efficient CAD system based on multiresolution texture descriptors (derived from ten
different compact support wavelet filters) using 2D wavelet transform using a smooth
SVM (SSVM) classifier. The proposed technique is validated with adequate experimen-
tation reporting very encouraging results in the context of classification of mammogram
images.

The chapters appearing in this volume show a wide spectrum of applications pertain-
ing to image processing through which the use of hybrid techniques is vindicated. It is
needless to mention that the reporting of various chapters in the present scope indi-
cates very limited applicability of hybridization in the field of various image-processing
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problems. There are, of course, many more to come in days ahead. From that point
of view, the editors of the present volume want to avail this opportunity to express
their gratitude to the contributors of different chapters, without whose participation the
present treatise would not have arrived in the present form. The editors feel encouraged
to expect many more contributions from the present authors in this field in their future
endeavours also. This is just a limited effort rendered by the editors to accommodate
what the relevant research community is thinking today. In fact, from that perspective,
it is just the beginning of such an endeavour and definitely not the end. Last but not the
least, the editors also thank Wiley for all the cooperation they rendered as a professional
publishing house toward making the present effort a success.

India, November 2016 Siddhartha Bhattacharyya
Indrajit Pan
Anirban Mukherjee
Paramartha Dutta
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book. We are expecting that the readers will find the book very interesting,
informative and enriching.

Chennai, India Boby George
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Preface

The world is witnessing a tremendous progress in science and technology through
significant transformation in industrial manufacturing, which has resulted in the
emergence of the Fourth Industrial Revolution (Industry 4.0). Now, we talk about
materials, structures and devices with prefix ‘smart’, and we wish to see ourselves
in smart home, in smart cities. This vision is being fulfilled due to the advances in
high-speed communication, optimized computation, artificial intelligence,
machine-to-machine communication, material science, novel devices, data science
and several other areas of science and technology.

To discuss such advances and recent trends in industry and research, the Seventh
International Conference on Computers and Devices for Communication (CODEC)
was organized on 19-20 December in Kolkata, India, by bringing together
researchers from different parts of the world to exchange their views. CODEC was
initiated in 1998 to begin the golden jubilee year celebration of the Institute of
Radio Physics and Electronics (IRPE), a department of the University of Calcutta.
The IRPE (estd.1949) is the first university department in India to begin teaching
and research in electronics, devices, communication, control and all areas covered
by radio science. CODEC is organized by the IRPE, and since 2014, it has become
a triennial event, though the seventh CODEC was held after a 4-year gap due to
some unavoidable reasons. All CODECs were participated by international dele-
gates from different parts of the world and at different times were technically
sponsored by several IEEE societies (EDS, PS, APS, MTTS), IET, SPIE, etc. The
deliberations from experts were in the form of keynote address, plenary talks,
invited lectures and contributory research papers.

Selected contributory research papers of CODEC-19, after peer review (mini-
mum two reviewers) and plagiarism checks, have been considered for publication in
Springer Lecture Notes in Networks and Systems (LNNS). In this book, each paper
has appeared as a chapter. The chapters cover almost all important areas of elec-
tronics and communication and are grouped into four broad categories as follows:

e Computer Applications and Control (CAC)
e Communication and Space Science (CSS)



vi Preface

e Microwave and Lightwave Technology (MLT)
e Nanoscale Materials and Devices (NMD)

It was a hard task to arrange peer reviews and plagiarism checks for all the
contributory papers to comply with the publication requirement of Springer LNNS.
The editors are thankful to their colleagues and staff in the department, who made a
meticulous effort to complete the task towards the final selection of papers for
publication. The editors are grateful to the reviewers for their time and efforts
towards critical review of the submitted contributory research papers. Full credit
goes to them for their evaluation to ensure the high quality and standard of the
papers for the Springer Lecture Notes. It is a pleasure to acknowledge the help
received from the Springer publication/production team, including G. Ayyasamy, S.
Ravivarman, P. Thirumani, to name a few, and especially, Mr. Aninda Bose, Senior
Editor of Springer Nature (Research Publishing).

Kolkata, India Nikhil Ranjan Das
Santu Sarkar
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Preface

The world is witnessing a tremendous progress in science and technology through
significant transformation in industrial manufacturing, which has resulted in the
emergence of the Fourth Industrial Revolution (Industry 4.0). Now, we talk about
materials, structures and devices with prefix ‘smart’, and we wish to see ourselves
in smart home, in smart cities. This vision is being fulfilled due to the advances in
high-speed communication, optimized computation, artificial intelligence,
machine-to-machine communication, material science, novel devices, data science
and several other areas of science and technology.

To discuss such advances and recent trends in industry and research, the Seventh
International Conference on Computers and Devices for Communication (CODEC)
was organized on 19-20 December in Kolkata, India, by bringing together
researchers from different parts of the world to exchange their views. CODEC was
initiated in 1998 to begin the golden jubilee year celebration of the Institute of
Radio Physics and Electronics (IRPE), a department of the University of Calcutta.
The IRPE (estd.1949) is the first university department in India to begin teaching
and research in electronics, devices, communication, control and all areas covered
by radio science. CODEC is organized by the IRPE, and since 2014, it has become
a triennial event, though the seventh CODEC was held after a 4-year gap due to
some unavoidable reasons. All CODECs were participated by international dele-
gates from different parts of the world and at different times were technically
sponsored by several IEEE societies (EDS, PS, APS, MTTS), IET, SPIE, etc. The
deliberations from experts were in the form of keynote address, plenary talks,
invited lectures and contributory research papers.

Selected contributory research papers of CODEC-19, after peer review (mini-
mum two reviewers) and plagiarism checks, have been considered for publication in
Springer Lecture Notes in Networks and Systems (LNNS). In this book, each paper
has appeared as a chapter. The chapters cover almost all important areas of elec-
tronics and communication and are grouped into four broad categories as follows:

e Computer Applications and Control (CAC)
e Communication and Space Science (CSS)
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e Microwave and Lightwave Technology (MLT)
e Nanoscale Materials and Devices (NMD)

It was a hard task to arrange peer reviews and plagiarism checks for all the
contributory papers to comply with the publication requirement of Springer LNNS.
The editors are thankful to their colleagues and staff in the department, who made a
meticulous effort to complete the task towards the final selection of papers for
publication. The editors are grateful to the reviewers for their time and efforts
towards critical review of the submitted contributory research papers. Full credit
goes to them for their evaluation to ensure the high quality and standard of the
papers for the Springer Lecture Notes. It is a pleasure to acknowledge the help
received from the Springer publication/production team, including G. Ayyasamy, S.
Ravivarman, P. Thirumani, to name a few, and especially, Mr. Aninda Bose, Senior
Editor of Springer Nature (Research Publishing).

Kolkata, India Nikhil Ranjan Das
Santu Sarkar
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Preface

Blockchain is one of the most important technical inventions in the recent years. It
is a transparent money exchange system that has transformed the way a business is
conducted. It not only reduces risk but also puts an end to fraud along with bringing
transparency. Companies and tech giants have started investing significantly in the
blockchain market, and it is expected to be net worth of more than 5 trillion dollars
in the next 5 years. This distributed ledger technology has increased its prominence
in various sectors such as financial services, health care and entertainment. This
emerging technology has marked its presence in the government sectors too such as
in voting, taxes, identity management and record management. The benefits such as
traceability, transparency, reduced costs and increased security make its applications
a popular and successful one. This book covers the theory of blockchain technology,
its security issues and its application in different industries.

The authors in this volume are from diverse background and from different univer-
sities across the globe. The authors of the chapters have related the blockchain
technology with energy, supply chain management, data protection and security
issues.

I profusely thank all the authors for their valuable contribution without which this
volume could not have been possible.

On behalf of the editors, let me thank the Publishing Editor and the team of
Springer Nature Singapore for their approval of the book project and constant support
and cooperation during the publication.

Last but not least, I would like to extend my heartfelt thanks to my co-
editors—Prof. (Dr.) Tao Sheng Wang, Prof. (Dr.) Tao Shen and Dr. Sushanta Kumar
Panigrahi—for their constant support in bringing out this volume in time.

I am sure the readers shall derive utmost benefit from this volume.

Bhubaneswar, India Srikanta Patnaik



Editorial

The evolution of blockchain technology has been marked with bitcoins. Bitcoin is a
new kind of money which is being used for innovative payments. However, bitcoin
and blockchain are being interchangeably used since bitcoin is a cryptocurrency and
blockchain is the underlying technology that has distributed database to empower
bitcoin. Again, blockchain technology is considered to be beyond digital money
and payments. This technology can change the way that ownership, privacy, uncer-
tainty and collaboration are conceived of in the digital world. Moreover, in several
disrupting sectors and diverse practices like financial markets, content distribution,
supply chain management, dispersal of humanitarian aid and even for voting in a
general election, blockchain technology has huge applicability.

Besides, it provides varied information to the public in general—which has many
potential applications that require smart transactions and contracts. As we know,
blockchain is said to be immutable since breaking its encryption and decentralized
architecture is very complex. Thus, these special features of blockchain technology
safeguard the data stored on the shared ledger. Also, with the emergence of blockchain
technology, there is a paradigm shift in the way of doing core processes, even for the
industries that have already seen significant transformation due to wide adoption of
digital technologies. Now, this makes blockchain technology suitable for limitless
range of applications across almost all industries. Further, the ledger technology can
be applied to most of the sectors, may it be to track fraud in finance or to securely
share patient medical records between healthcare professionals. It also acts as a better
way to track intellectual property in business and music rights for artists. We have
received a good number of chapters for this volume, out of which thirteen selective
chapters have been considered for this book.

With blockchain technology, the businesses worldwide are adopting and building
trust in every sphere. Chapter 1 entitled “A Systematic Study of Blockchain Evolu-
tion, Architecture, and Application with Use Cases” by Samanta et al. guides
one to understand both non-technical and technical working principles, evolu-
tion, architecture, types, use cases, applications and tools for implementation of
blockchain.

Despite the fact that blockchain technology is secured, still its wide applicability
fails to gain popularity. Chapter 2 entitled “Blockchain: A Technology in Search

vii
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of Legitimacy” by Rosati et al. throws light on how the players in the blockchain
ecosystem attempted to build legitimacy. Their findings illustrate how the key actors
engage in the blockchain and bitcoin legitimation discourse to help interpret this
complex innovation and mobilize the market to adopt.

We are aware that the present world has become completely dependent on Internet.
However, with intermittently connected network, the blocks can be accessed without
relying on the Internet. This is well proved in the next chapter on “Using Blockchain
in Intermittently Connected Network Environments” by Basu et al. They have
explored possible integration of blockchain technology with intermittently connected
networks towards exploiting its utility and availability in DTN environment towards
improving disaster management services in the absence of end-to-end connectivity
to the Internet.

However, like every coin has two sides so is the use of technology. Even though
blockchain technology is said to be secure, still there are some prevailing scams till
date. In this context, Chap. 4 entitled “Slaying the Crypto Dragons: Towards a Cryp-
toSure Trust Model for Crypto-economics Blockchain versus Trust: The Expert’s
View of the Crypto Scammers” by Dr. Stephen Castell highlights the General Data
Protection Regulation (GDPR) and its importance in the blockchain system and
provides a checklist giving practical, generally applicable wording for an effective
Digital Asset Disclosure exercise.

The core technology that enables the socio-technical tool, smart contracts which
are the distributed ledger, is blockchain. These smart contracts require a large range of
commercial applications to be taken into account. Therefore, Chap. 5 in this volume
by Deval et al. on smart contracts titled as “Decentralized Governance for Smart-
Contract Platform Enabling Mobile Lite Wallets Using a Proof-of-Stake Consensus
Algorithm” has done a comparative analysis with Ethereum Smart Contract and
found that they are not scalable for large industrial application owing to not being
able to change the blockchain parameters.

Again, blockchain is not only confined to cryptocurrency. In fact, the under-
lying technology that supports cryptocurrency is blockchain. It prevents data feed
failure and corruption. It also creates mechanism that grants protection to distributed
systems. Clark et al. in their chapter titled “Blockchain Technology: Security
and Privacy Issues” discussed on the use of still developing technology and also
concluded that blockchain application is not possible to all applications. However,
according to the author, the centralized solutions are still applicable in many cases.

As we know, privacy issues are prevailing in all industries and technology.
Blockchain is a tool for keeping the data anonymously. The authors, Capraz and
Ozsoy, summarized proposed models by using zero-knowledge proof which is Zero-
coin and Zerocash in the chapter entitled “Personal Data Protection in Blockchain
with Zero-Knowledge Proof™.

With the increase in the business processes, the data protection has become a
greatest challenge for the developers. Blockchain and smart contract technologies
have been identified as promising approaches for supporting compliance checking
and trust. The upcoming chapter by Barati and Rana entitled “Design and Verification
of Privacy Patterns for Business Process Models” describes how smart contracts can
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be used to meet GDPR compliance verification using a number of privacy patterns
for business process models.

Blockchain technology has marked its existence in almost all the sectors, and
the recent one is in the field of energy. The concept of distributed renewable energy
sources has grabbed attention now. The next chapter on “Blockchain Technology in
Energy Field: Opportunities and Challenges” by Bai and Shen addresses the problem
by proposing consensus mechanism to optimize energy transaction processing speed.

Again, energy sector is embracing the deployment of blockchain and smart
contracts in a slower pace, may it be for the regulations or the complexity of the
energy market. The chapter on “Blockchain Technology for Energy Transition”
by Biirer et al. provides a framework for assessing the relevance and impact of
blockchain technologies for enabling the energy transition from both the production
and consumption sides of the equation.

Next, health care is one of the biggest sectors storing the data of the individuals.
The advancements in the blockchain technology and the distributed ledger facil-
itate better storage of data. Chapter 11 entitled “The Feasibility and Significance
of Employing Blockchain-Based Identity Solutions in Health care” by the Zhang
and Kuo presents a systematic overview of the underlying motivations and princi-
ples of blockchain identities. Furthermore, they also introduced two of the popular
blockchain-based identity frameworks.

Startups need funding for its survival, and initial coin offerings (ICO) are the
strongest supporters of the startups now. The blockchain in health care and the
relevance to raising finance with the help of ICO are trending in the market now.
Thus, Chap. 12 entitled “Towards eHealth with Blockchain: Success Factors for
Crowdfunding with ICOs” by Stefan Tonnissen investigates the successful initial
coin offerings of eHealth startups in the field of blockchain and its impact.

Last but not least, Chap. 13 by Canbolat et al. titled “Blockchain Track and Trace
System (BTTS) for Pharmaceutical Supply Chain” provide a BTTS for improving
the management of pharmaceutical supply chain.

Since this volume provides a broad coverage of different aspects of blockchain
technology ranging from fundamental concepts to privacy and security issues along
with diverse applications, this volume can provide a strong base for naive researchers
as well as experts to explore new directions for carrying out their work further. I hope
the reader gets immense benefit out of this volume.

Prof. Srikanta Patnaik
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Foreword

The monograph on Reliable Post Disaster Services over Smartphone Based DTN is
timely and addresses an important topic. In recent years, natural disasters such as
wildfires, floods, earthquakes, landslides, hurricanes, tornadoes, tsunamis and vol-
canoes have impacted human lives, assets and infrastructures more than ever.
Indeed, natural disasters have grown almost threefold between 1980 and 2017
compared to between 1940 and 1980. Natural disasters have also affected about 217
million people each year since 1990. It has been observed that India, China,
Philippines, Nepal, Bangladesh and Thailand are among the most affected,
disaster-prone countries since 1995. In terms of devastation, during April 2015
Nepal earthquake, nearly 9000 people were killed, more than 600,000 houses
destroyed and more than 288,255 houses damaged. Devastating floods and land-
slides for multiple days in June 2013 in the North Indian state of Uttarakhand not
only took away more than 5700 lives but also wiped out a huge number of localities,
forcing hundreds of thousands of people homeless and causing severe infrastructure
damages, such as roads, bridges, power lines, electricity poles and so on.

In the aftermath of large-scale calamities, among other losses and damages,
severe disruption of communication infrastructures, particularly impairment of
wireless cellular towers and Internet services, is a common phenomenon. Therefore,
rapid deployment of post-disaster communication infrastructure, albeit ad hoc and
temporary, is crucial without which it becomes extremely challenging, if not
impossible, to facilitate life-saving rescue operations as well as adequate relief
services in a timely manner. The goal is to establish reliable and seamless infor-
mation exchange among all stakeholders—survivors, emergency and disaster
management personnel, policemen, rescue and medical teams, volunteers, gov-
ernment and non-government organizations, etc. This well-motivated monograph
addresses some of these challenges by proposing a framework for reliable
end-to-end post-disaster services by exploiting smartphone-based delay-tolerant
networks (DTNs) technology that can operate despite the breakdown of traditional
communication infrastructure networks.
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viii Foreword

The authors have done a good job in exploring relevant issues and challenges
related to post-disaster services by proposing models, protocols and solution
methodologies for accurate assessment and accumulation of various service needs,
efficient resource allocation and reliable data dissemination in the wake of natural
disasters. The monograph is organized into six chapters. Chapter 1 introduces
post-disaster management services and communication followed by DTN archi-
tecture, routing and security issues. Chapter 2 describes various methods for
post-disaster need assessment and forecasting, while Chap. 3 deals with the analysis
of need accumulation over DTNs. Chapter 4 presents resource planning with the
help of case-based reasoning and utility-based optimal resource allocation model.
Chapter 5 investigates reliable data dissemination over DTNs using multilayer
hashed encryption and group-based distributed authentication, followed by secure
routing protocols. The final chapter summarizes future research directions in
wireless technologies applied to post-disaster management. The authors have pro-
vided data sets from real disaster scenarios, where possible, to allow researchers to
validate smartphone-based DTN protocols for post-disaster services. The proposed
framework, solutions and smartphone apps may help enhance emergency pre-
paredness and personnel training. Thus, the monograph is expected to benefit not
only researchers but also disaster management practitioners of government and
non-government organizations, particularly in developing countries.

Rolla, USA Sajal K. Das
December 2018 Professor and Daniel St. Clair Chair of Computer Science
Missouri University of Science and Technology



Preface

According to the World Disasters Report, when disaster strikes, access to infor-
mation is as important as access to food and water. Such information, like the status
of victims and the requirement of emergency resources, is crucial for rendering
timely and effective disaster relief. However, the availability of cellular and Internet
connectivity in a post-disaster scenario is usually ruled out due to the failure of the
supporting infrastructure. Therefore, the possibility of exchanging situational
information using normal communication infrastructure gets almost restricted
resulting in high perception deviation at the control station about the actual needs
of the remote shelters. Under such circumstances, providing post-disaster services
like need assessment, need accumulation and resource planning becomes truly
challenging leading to futile disaster relief endeavours. Moreover, the presence of
malicious entities in the network may affect the reliability of data, i.e. resource
needs, at the control station. Thus, reliable data dissemination is another service
that is to be rendered for effective disaster management.

This book deals with the problems in providing reliable post-disaster services in
a challenged network environment. In particular, it proposes a framework for
reliable post-disaster services over smartphone-based DTN. The components of this
framework are the four services, namely need assessment, need accumulation,
resource planning and finally reliable data dissemination.

The introductory chapter, i.e. Chap. 1, is dedicated to the background necessary
to understand the remaining chapters of this book. It first gives an introduction to
disaster management, its phases and the various post-disaster services. Next, it
presents an overview of delay-tolerant networks (DTNs)—its features, architecture,
routing and applications, with an emphasis on DTN security.

A principal component regression (PCR) model is derived for forecasting the
exact demand for different emergency resources in a shelter, based on the dynamic
influencing situational parameters, in Chap. 2. The derived model can be used to
periodically forecast the ever-changing demand for different emergency resources at
shelters with high precision. Next, a utility function is proposed that dynamically
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and quantitatively enumerates the utility of each emergency resource at different
shelters. The demand forecast model along with the utility function assists in
accurate need assessment for emergency resources at different shelters.

Assuming an underlying DTN-leveraged smartphone (carried by volunteers and
relief workers)-based communication network, Chap. 3 proposes an opportunistic
knowledge sharing scheme for transmitting the assessed resource needs to the
control station in the absence of normal communication facilities. The knowledge
sharing scheme runs on the smartphones to collect and exchange emergency
resource needs at different shelters to create a consistent global view of accumulated
resource needs across the entire affected area. Thus, the scheme enables need
accumulation which in turn reduces the gap in perception about the actual needs at
different shelters.

A case-based reasoning (CBR)-driven need validation technique is proposed in
Chap. 4, to validate the opportunistically received resource needs at the control
station. Additionally, a utility-based integer programming model for optimal
resource allocation is formulated using the opportunistically transmitted and CBR
validated resource needs. The model minimizes the overall resource deficit and the
total resource deployment time. The CBR-driven need validation technique along
with the integer programming model brings about efficient resource planning.

Chapter 5 proposes a series of security protocols to meet the stringent security
requirements of a DTN. First, a multilayer encryption and hashing-based scheme
are proposed to protect the transmitted emergency resource needs against authen-
ticity, eavesdropping and modification attacks. Subsequently, a security-aided and
group encounter-based PROPHET routing protocol is proposed, where security
features are incorporated into PROPHET to provide security against eavesdropping,
blackhole, identity spoofing and bundle store overflow attacks. Finally, a
trust-based Watchdog technique is proposed and seamlessly integrated with
PRoPHET to provide security against packet drop, badmouthing and ballotstuffing
attacks. These security protocols run on the smartphones, carried by the volunteers
and contributed towards reliable data dissemination so that all other post-disaster
services can be rendered reliably.

There is a tremendous scope for the research community to identify novel and
challenging problems in the area of ICT-based disaster management and investigate
innovative solution methodologies. This book demonstrates the usage of wireless
technologies coupled with smart devices to improve disaster management
endeavours, by improving communication and resource planning during the
aftermath of a disaster. The solutions provided herein exploit, in particular the
opportunity of fast penetration of smart devices in daily life in developing countries
like India, and rightly use these hand-held devices in forming delay-tolerant net-
works. Research conducted in this book fosters interdisciplinary collaboration
among engineers, industry professionals, scientists and disaster relief organizations
for the effective handling of disasters in developing countries. On the other hand,
different academic regulatory bodies of such countries have made courses on



Preface xi

disaster management mandatory at graduate levels. This book can be used as a
first-hand reference for these courses. Thus, the book serves the requirements of
both research and teaching communities.

Kolkata, India Souvik Basu
Kolkata, India Siuli Roy
Howrah, India Sipra Das Bit

September 2018
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About the Book

The objective of the book is to present a framework for reliable end-to-end
post-disaster services over smartphone-based delay-tolerant networks (DTNs),
which can operate even in the absence of conventional network connectivity.
History has shown that disasters like Chennai flood and Uttarakhand flash flood in
India, earthquake in Nepal and tsunami in Japan severely impair Internet-based
communication systems, jeopardizing people’s lives—loss of life and property.
Under such circumstances, providing essential post-disaster services becomes truly
challenging. The book explores a number of different aspects of this challenge,
ranging from accurate need assessment, to timely need accumulation, to efficient
resource allocation and reliable data dissemination and presents strategies to deal
with challenges. It demonstrates the usage of wireless technologies coupled with
smart devices to improve disaster management endeavours, by improving com-
munication and resource planning during the aftermath of a disaster. The primary
audience of the book is technologists and researchers working in the domain of
ICT-based disaster management who would find it useful in understanding the
challenges of providing post-disaster services in a challenged network scenario and
their possible solutions. Disaster management authorities, government agencies,
NGOs and other stakeholders would also find it useful for enhancing the pre-
paredness of volunteers and relief agencies through intelligent use of wireless
technologies coupled with smart devices with the goal of better disaster manage-
ment. Furthermore, the book can be used as a first-hand reference for courses on
ICT-based disaster management at graduate and undergraduate levels.
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Abstract. OFDM-SIM offers the advantage of reduced peak-to-average power
ratio (PAPR) and improved spectral efficiency in comparison with classic OFDM.
Due to frequency selective channel fading, OFDM frames undergo non-uniform
attenuation and this results in different SNR values for different frames. Conse-
quently, BER of the system is degraded. This problem can be mitigated by using
adaptive modulation scheme depending on SNR values estimated by channel esti-
mator. In this paper, a simple model of OFDM-SIM with adaptive modulation
is proposed. Switching decision is implemented by fuzzy interface system. The
output BER performance of the OFDM-SIM has been investigated for two types
of modulations: 8-PSK and 8-QAM with 10 dB SNR as threshold level.

Keywords: OFDM - OFDM-SIM - Adaptive modulation - Fuzzy interface

1 Introduction

Orthogonal frequency division multiplexing (OFDM) with sub-carrier index modulation
(OFDM-SIM) is a promising scheme for the high-speed wireless communication due to
its high spectrum and energy efficiency [1, 2] along with the inherent ability of OFDM
to combat inter-symbol interference caused by multipath effects. In OFDM, the total fre-
quency bandwidth is split into many narrowband sub-channels to transmit parallel data
streams. In OFDM-SIM, the information bits are also segregated into several sub-blocks.
The bits in each sub-block are further split into two parts, i.e., the index bits and the sym-
bol bits. The symbol bits are transmitted by M-ary signal constellations and the carriers
are activated according to the index bits [3]. Effective selection of the number of active
carriers results in improved spectral efficiency, compared to conventional OFDM [4].
Apart from this, OFDM-SIM also has many noteworthy features, including enhanced bit
error rate (BER) performance, reduced peak-to-average power ratio (PAPR), relatively

© Springer Nature Singapore Pte Ltd. 2021

N. R. Das and S. Sarkar (eds.), Computers and Devices for Communication,
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Abstract. Orthogonal frequency division multiplexing (OFDM) has proved itself
as a proficient multicarrier transmission technique to be successfully utilized in
5G and next-generation wireless communication. However, conventional OFDM
suffers from the limitation of high peak-to-average-power ratio (PAPR). Subcar-
rier index modulation (SIM) has already been established as one of the efficient
techniques to mitigate this high PAPR problem. In this work, we have proposed
a novel modulation algorithm named as reduced subcarrier index modulation-
OFDM (RIM-OFDM), which offers further considerable reduction in PAPR value
and improved bandwidth utilization. In this paper, this newly proposed scheme
has been mathematically established and block diagram for its realistic implemen-
tation has been described in detail. PAPR performance along with improvement in
spectral efficiency of this technique, over SIM, has been investigated. Bit error rate
(BER) performance is also studied and compared with that of classical OFDM.
The results reveal that RIM-OFDM has come up as an optimized scheme, in terms
of PAPR mitigation, bandwidth efficiency enhancement and low BER, for future
wireless communication.

Keywords: Orthogonal frequency division multiplexing (OFDM) - Subcarrier
index modulation (SIM) - Reduced subcarrier index modulation (RIM) -
Peak-to-average-power ratio (PAPR) - Bandwidth efficiency (BWE)

1 Introduction

Orthogonal frequency division multiplexing (OFDM) is used extensively in broadband
wired and wireless communication systems as an effective solution to inter symbol
interference (ISI), caused in a dispersive channel with multipath effect [1-3]. In OFDM,
data is transmitted in parallel, on a number of different orthogonal frequencies, and as
a result, the symbol period is much longer than for a serial system with the same total
data rate. Because the symbol period is longer, ISI affects minimum number of bits and
equalization becomes simplified. In OFDM, the spectra of individual subcarriers overlap,

© Springer Nature Singapore Pte Ltd. 2021
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Monte-Carlo Simulation as a Defining )
Tool to Diagnose Timing and Spectral S
Properties of Flows Around Black Holes

Himadri Ghosh

Abstract In this chapter we discuss the development and application of a Monte-
Carlo radiative transfer code. Monte-Carlo simulation has been proven to be very
useful for cases where exact or near exact analytical solutions are impossible.
Radiative processes occurring in case of advective accretion mechanism is a classic
example where Monte-Carlo simulation has been found to be very useful. This
Chapter deals with the schematics that have been utilized. Spectral variations with
various parameters are shown.

1 Introduction

Monte-Carlo simulation is an essential tool to understand the formation of spectrum
in compact bodies [17]. Sunyaev and Titarchuk ([19, 20]; hereafter ST80 and ST85)
showed that the power-law component of a blackbody spectrum forms due to inverse
Comptonization. Hua and Titarchuk [13] studied the Monte-Carlo simulation for
various known geometries and temperatures of the electron clouds and confirmed
the conclusions drawn in ST80, ST85 and Titarchuk [21] using a Monte-Carlo
simulation. Laurent and Titarchuk [14, 15] showed the effects of the bulk motion
Comptonization which was predicted to produce a power-law spectrum even in the
soft states ([3]; hereafter CT95).

The two component advective model is around for over decades, and there are
more and more evidences that the flows around the galactic black holes are of two
components. In this chapter, we attempt to carry out Monte-Carlo simulations in
such systems. In Sect. 2, we give a brief description of simulation procedure using
the Monte-Carlo method. We have shown two applications of this Monte-Carlo code
in Sects. 3 and 4. Mainly the spectral analysis is presented in this chapter. Temporal
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Foreword

The monograph on Reliable Post Disaster Services over Smartphone Based DTN is
timely and addresses an important topic. In recent years, natural disasters such as
wildfires, floods, earthquakes, landslides, hurricanes, tornadoes, tsunamis and vol-
canoes have impacted human lives, assets and infrastructures more than ever.
Indeed, natural disasters have grown almost threefold between 1980 and 2017
compared to between 1940 and 1980. Natural disasters have also affected about 217
million people each year since 1990. It has been observed that India, China,
Philippines, Nepal, Bangladesh and Thailand are among the most affected,
disaster-prone countries since 1995. In terms of devastation, during April 2015
Nepal earthquake, nearly 9000 people were killed, more than 600,000 houses
destroyed and more than 288,255 houses damaged. Devastating floods and land-
slides for multiple days in June 2013 in the North Indian state of Uttarakhand not
only took away more than 5700 lives but also wiped out a huge number of localities,
forcing hundreds of thousands of people homeless and causing severe infrastructure
damages, such as roads, bridges, power lines, electricity poles and so on.

In the aftermath of large-scale calamities, among other losses and damages,
severe disruption of communication infrastructures, particularly impairment of
wireless cellular towers and Internet services, is a common phenomenon. Therefore,
rapid deployment of post-disaster communication infrastructure, albeit ad hoc and
temporary, is crucial without which it becomes extremely challenging, if not
impossible, to facilitate life-saving rescue operations as well as adequate relief
services in a timely manner. The goal is to establish reliable and seamless infor-
mation exchange among all stakeholders—survivors, emergency and disaster
management personnel, policemen, rescue and medical teams, volunteers, gov-
ernment and non-government organizations, etc. This well-motivated monograph
addresses some of these challenges by proposing a framework for reliable
end-to-end post-disaster services by exploiting smartphone-based delay-tolerant
networks (DTNs) technology that can operate despite the breakdown of traditional
communication infrastructure networks.
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viii Foreword

The authors have done a good job in exploring relevant issues and challenges
related to post-disaster services by proposing models, protocols and solution
methodologies for accurate assessment and accumulation of various service needs,
efficient resource allocation and reliable data dissemination in the wake of natural
disasters. The monograph is organized into six chapters. Chapter 1 introduces
post-disaster management services and communication followed by DTN archi-
tecture, routing and security issues. Chapter 2 describes various methods for
post-disaster need assessment and forecasting, while Chap. 3 deals with the analysis
of need accumulation over DTNs. Chapter 4 presents resource planning with the
help of case-based reasoning and utility-based optimal resource allocation model.
Chapter 5 investigates reliable data dissemination over DTNs using multilayer
hashed encryption and group-based distributed authentication, followed by secure
routing protocols. The final chapter summarizes future research directions in
wireless technologies applied to post-disaster management. The authors have pro-
vided data sets from real disaster scenarios, where possible, to allow researchers to
validate smartphone-based DTN protocols for post-disaster services. The proposed
framework, solutions and smartphone apps may help enhance emergency pre-
paredness and personnel training. Thus, the monograph is expected to benefit not
only researchers but also disaster management practitioners of government and
non-government organizations, particularly in developing countries.

Rolla, USA Sajal K. Das
December 2018 Professor and Daniel St. Clair Chair of Computer Science
Missouri University of Science and Technology



Preface

According to the World Disasters Report, when disaster strikes, access to infor-
mation is as important as access to food and water. Such information, like the status
of victims and the requirement of emergency resources, is crucial for rendering
timely and effective disaster relief. However, the availability of cellular and Internet
connectivity in a post-disaster scenario is usually ruled out due to the failure of the
supporting infrastructure. Therefore, the possibility of exchanging situational
information using normal communication infrastructure gets almost restricted
resulting in high perception deviation at the control station about the actual needs
of the remote shelters. Under such circumstances, providing post-disaster services
like need assessment, need accumulation and resource planning becomes truly
challenging leading to futile disaster relief endeavours. Moreover, the presence of
malicious entities in the network may affect the reliability of data, i.e. resource
needs, at the control station. Thus, reliable data dissemination is another service
that is to be rendered for effective disaster management.

This book deals with the problems in providing reliable post-disaster services in
a challenged network environment. In particular, it proposes a framework for
reliable post-disaster services over smartphone-based DTN. The components of this
framework are the four services, namely need assessment, need accumulation,
resource planning and finally reliable data dissemination.

The introductory chapter, i.e. Chap. 1, is dedicated to the background necessary
to understand the remaining chapters of this book. It first gives an introduction to
disaster management, its phases and the various post-disaster services. Next, it
presents an overview of delay-tolerant networks (DTNs)—its features, architecture,
routing and applications, with an emphasis on DTN security.

A principal component regression (PCR) model is derived for forecasting the
exact demand for different emergency resources in a shelter, based on the dynamic
influencing situational parameters, in Chap. 2. The derived model can be used to
periodically forecast the ever-changing demand for different emergency resources at
shelters with high precision. Next, a utility function is proposed that dynamically

ix
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and quantitatively enumerates the utility of each emergency resource at different
shelters. The demand forecast model along with the utility function assists in
accurate need assessment for emergency resources at different shelters.

Assuming an underlying DTN-leveraged smartphone (carried by volunteers and
relief workers)-based communication network, Chap. 3 proposes an opportunistic
knowledge sharing scheme for transmitting the assessed resource needs to the
control station in the absence of normal communication facilities. The knowledge
sharing scheme runs on the smartphones to collect and exchange emergency
resource needs at different shelters to create a consistent global view of accumulated
resource needs across the entire affected area. Thus, the scheme enables need
accumulation which in turn reduces the gap in perception about the actual needs at
different shelters.

A case-based reasoning (CBR)-driven need validation technique is proposed in
Chap. 4, to validate the opportunistically received resource needs at the control
station. Additionally, a utility-based integer programming model for optimal
resource allocation is formulated using the opportunistically transmitted and CBR
validated resource needs. The model minimizes the overall resource deficit and the
total resource deployment time. The CBR-driven need validation technique along
with the integer programming model brings about efficient resource planning.

Chapter 5 proposes a series of security protocols to meet the stringent security
requirements of a DTN. First, a multilayer encryption and hashing-based scheme
are proposed to protect the transmitted emergency resource needs against authen-
ticity, eavesdropping and modification attacks. Subsequently, a security-aided and
group encounter-based PROPHET routing protocol is proposed, where security
features are incorporated into PROPHET to provide security against eavesdropping,
blackhole, identity spoofing and bundle store overflow attacks. Finally, a
trust-based Watchdog technique is proposed and seamlessly integrated with
PRoPHET to provide security against packet drop, badmouthing and ballotstuffing
attacks. These security protocols run on the smartphones, carried by the volunteers
and contributed towards reliable data dissemination so that all other post-disaster
services can be rendered reliably.

There is a tremendous scope for the research community to identify novel and
challenging problems in the area of ICT-based disaster management and investigate
innovative solution methodologies. This book demonstrates the usage of wireless
technologies coupled with smart devices to improve disaster management
endeavours, by improving communication and resource planning during the
aftermath of a disaster. The solutions provided herein exploit, in particular the
opportunity of fast penetration of smart devices in daily life in developing countries
like India, and rightly use these hand-held devices in forming delay-tolerant net-
works. Research conducted in this book fosters interdisciplinary collaboration
among engineers, industry professionals, scientists and disaster relief organizations
for the effective handling of disasters in developing countries. On the other hand,
different academic regulatory bodies of such countries have made courses on



Preface xi

disaster management mandatory at graduate levels. This book can be used as a
first-hand reference for these courses. Thus, the book serves the requirements of
both research and teaching communities.

Kolkata, India Souvik Basu
Kolkata, India Siuli Roy
Howrah, India Sipra Das Bit

September 2018
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About the Book

The objective of the book is to present a framework for reliable end-to-end
post-disaster services over smartphone-based delay-tolerant networks (DTNs),
which can operate even in the absence of conventional network connectivity.
History has shown that disasters like Chennai flood and Uttarakhand flash flood in
India, earthquake in Nepal and tsunami in Japan severely impair Internet-based
communication systems, jeopardizing people’s lives—loss of life and property.
Under such circumstances, providing essential post-disaster services becomes truly
challenging. The book explores a number of different aspects of this challenge,
ranging from accurate need assessment, to timely need accumulation, to efficient
resource allocation and reliable data dissemination and presents strategies to deal
with challenges. It demonstrates the usage of wireless technologies coupled with
smart devices to improve disaster management endeavours, by improving com-
munication and resource planning during the aftermath of a disaster. The primary
audience of the book is technologists and researchers working in the domain of
ICT-based disaster management who would find it useful in understanding the
challenges of providing post-disaster services in a challenged network scenario and
their possible solutions. Disaster management authorities, government agencies,
NGOs and other stakeholders would also find it useful for enhancing the pre-
paredness of volunteers and relief agencies through intelligent use of wireless
technologies coupled with smart devices with the goal of better disaster manage-
ment. Furthermore, the book can be used as a first-hand reference for courses on
ICT-based disaster management at graduate and undergraduate levels.

XV



Contents

1 Introduction
Disaster Management

2

1.1

1.2

1.3

1.1.1 Disaster Management Phases . .....................
1.1.2 Post-disaster Services. .. .............. ... .......
1.1.3  Post-disaster Communication . .....................
Overview of Delay-Tolerant Networks. . .. .................
1.2.1 Features ................ ...
1.2.2 Architecture. . . ... ... ..
1.23 Routing. ......... .
1.2.4  Applications . ............ .
1.2.5 Other Communication Systems. . .. .................

Security in DTN

1.3.1 Security Requirements . . .. .......................
132 Attackson DTN . ... ... ... . ... ... ... . .....
1.3.3 Challenges in DTN Security. . .. ...................
1.4 Overall Objective and Contribution of the Book. .. ...........
References . .. ... ..

Post-disaster Need Assessment
2.1 Literature Review

22

2.1.1

Regression Model

221
222
223
224

Emergency Resource Demand Forecasting . ...........
2.1.2 PCRA-Based Techniques . . .......................
Demand Forecast Using Principal Component

Identification of Influencing Parameters. . ... ..........
Selection of Uncorrelated Influencing Parameters. . . . . . ..
Formulation of Forecasting Model ..................

Performance Analysis

(@) NV, I R SR S R

24
25
28
30
31

Xvii



Xviii

Contents
2.3 Utility Enumeration Through Utility Function . .............. 38
2.3.1 Deriving the Utility Function . .. ................... 39
2.4 Enumerating Resource Utility—An Illustrative Example . . . .. ... 41
2.5 ConClusion. ... ... 43
References . . .. ... .. . 44
Need Accumulation Over DTN . ... ... ... ... ... .. ...... 47
3.1 Literature Review . . . .. ... ... . 48
3.1.1 Human Mobility Characteristics . ................... 48
3.1.2 Post-disaster Volunteer Movement . ................. 48
32 System Model . ....... ... ... 49
3.2.1 Network Architecture. . . ............... ... ... .... 49
3.2.2 Distribution of Volunteers . ....................... 51
3.2.3 Interaction Pattern of Volunteers. ... ................ 52
3.3 Opportunistic Knowledge Sharing Scheme . . . ............... 52
3.3.1 Local Knowledge Acquisition. ... .................. 53
3.3.2 Local Knowledge Sharing and Regional Knowledge
Acquisition .. .......... .. 53
3.3.3 Regional Knowledge Sharing and Global Knowledge
AcqUISTHON . . .o oot 54
3.3.4 Global Knowledge Sharing. . ...................... 57
335 Algorithm ... ... 57
3.3.6 Expected Generation Time for Global View of Resource
Needs . . ... 59
3.4 Performance Analysis . . .. ......... .. 60
3.4.1 Qualitative Analysis. . ........... ... ... ... . ... 60
3.4.2 Quantitative Analysis. .. ........... ... ... . ... 64
35 ConClusion. . . ... 69
References . . ... ... 69
Resource Planning . .. ....... . ... ... . ... ... . ... ... ...... 73
4.1 Literature Review . . . . ... ... .. . . 74
4.1.1 CBR-Driven Resource Demand Forecasting . .......... 74
4.1.2 Resource Allocation. . ........................... 75
4.2 Case-Based Reasoning-Driven Need Validation Technique . . . . .. 77
4.2.1 Case-Based Reasoning . . ......................... 78
4.2.2 Demand Validation Using CBR ... ................. 78
4.2.3 Performance Analysis ........................... 81
4.3 Utility-Based Integer Programming Model for Optimal Resource
AlOCAtiON . . . . 84
4.3.1 Parameters and Variables . . .. ....... ... ... ... ... 85
4.3.2 Minimizing Overall Resource Deficit . ............... 86

4.3.3 Minimizing Total Resource Deployment Time. . ........ 87



Contents Xix

5

4.3.4 Solution of the Integer Programming Models . ......... 88
4.3.5 Performance Analysis ................. ... ... 88
44 Conclusion. . ....... ... 93
References . .. ... ... . .. 93
Reliable Data Dissemination over DTN. . .. ................... 95
5.1 Literature Review . . ......... ... ... . . ... . 96
5.1.1 Cryptographic Strategies ......................... 96
5.1.2 Trust-Based Strategies . . ......................... 98
5.1.3 Secured Keyword Search . .. ...................... 99
5.2 Multilayer Encryption and Hashing-Based Scheme . . . ... ...... 100
5.2.1 System Model . ....... ... .. ... 101
5.2.2  Group-Based Distributed Authentication . ............. 103
5.2.3 Multilayer Hashed Encryption ..................... 106
5.24 Performance Analysis ........... ... ... .. .. ... ... 109
5.3 SAGE-PRoPHET: Security-Aided and Group
Encounter-Based PROPHET Routing Protocol . .............. 115
53.1 System Model . .......... ... ... ... . L. 116
5.3.2 Categorizing Situational Messages Using PEKS ... ... .. 121
5.3.3 Adapting PRoPHET for Group
Encounter-Based Routing . . ....................... 124
5.3.4 Incorporating Security Features into PROPHET .. ... .. .. 125
5.3.5 Performance Analysis ............... ... .. ... ... 130
5.4 Wise-PRoPHET: Watchdog-Supervised PROPHET Routing
Protocol . . ... ... . 136
54.1 System Model .. ...... ... ... i i il 137
5.4.2 Proposed Wise-PRoPHET Technique . ............... 139
5.4.3 The Wise-PRoPHET Algorithm ... ................. 147
5.4.4 Performance Analysis ............. ... .. .. .. .... 151
55 Conclusion. . ... 160
References . . ... ... .. . 161
Conclusion . ........... . .. . .. 165
6.1 Summary of the Proposed Framework . . . .................. 165
6.2 Future Research Directions . . . .......................... 169
6.3 Concluding Remarks. . . ........ ... . ... ... ... ... .. 170



About the Authors

Dr. Souvik Basu is an Assistant Professor of the Computer Application Centre at the
Heritage Institute of Technology, Kolkata. He completed his Ph.D. in Computer
Science & Technology at the Indian Institute of Engineering Science and Technology,
Shibpur. He also holds an M.Tech. in Computer Science & Engineering from the
Maulana Abul Kalam Azad University of Technology, Kolkata; an M.C.A. from the
University of Burdwan; and a B.Sc. in Statistics from the University of Calcutta. With
over 16 years of teaching experience, his major research interests are in opportunistic
and delay-tolerant networks, network & information security, mathematical models
for distributed resource management, and mobile and wireless technologies for
ICT-based social applications. Dr. Basu has been the Co-Principal Investigator of a
Government-funded research project on Disaster Management.

Prof. Siuli Roy is a Professor of the Department of Information Technology at the
Heritage Institute of Technology. She completed her M.C.A. and Ph.D. in Computer
Science & Engineering at Jadavpur University. She has more than 20 years of
experience in academic research, business and software development at several
organizations of international repute, including the Advanced Telecommunications
Research Institute, Japan. With a unique combination of business & entrepreneurial
acumen and research excellence in the area of pervasive computing and commu-
nication system, she co-founded PervCom Consulting Private Limited in 2005. Prof.
Roy has authored more than 40 research publications in international journals and
conference proceedings, and co-authored the book “Enhancing Performance of Ad
Hoc Wireless Networks with Smart antennas”, CRC Press in 2005. She has handled
several Government-funded research projects as Principal/Co-Principal investigator,
including projects on Disaster Management.

Prof. Sipra Das Bit is a Professor of the Department of Computer Science and
Technology at the Indian Institute of Engineering Science and Technology, Shibpur.
She completed her M.E. and Ph.D. at Jadavpur University. With more than 28 years
of experience in academics and research, her major interests are in delay-tolerant
networks, wireless sensor networks, mobile computing, low-overhead multimedia

XXi



XXii About the Authors

processing over wireless networks, and low-overhead wireless network security. She
has published extensively in these areas. Prof. Das Bit has handled several
Government-funded research projects as Principal/Co-Principal investigator,
including projects on Disaster Management.



Abbreviations

ACF
AES
AF
ANN
ARD
BP
BPNN
CBR
CID
CN
CPin
CRL
DDH
DFY
DOM
DoS
DP
DTN
EMD
FC
FE
FEMA
FIFO
FN
GID
GP
GPRS
GSM
IBC
IBE

Action Contre La Faim
Advanced Encryption Standard
Accuracy factor

Artificial neural network
Average resource deficit
Back-propagation
Back-propagation neural networks
Case-based reasoning

Control node ID

Control node

Control pin

Certificate Revocation List
Decisional Diffie—Hellman
Doctors For You

Disaster operations management
Denial of service

Delivery predictability
Delay-tolerant network
Expected message delay
Forwarding competency
Forwarding evidence

Federal Emergency Management Agency
First in first out

Forwarder node

Group ID

Group pin

General Packet Radio Service
Global System for Mobile
Identity-based cryptography
Identity-based encryption

XXiii



XXiv

ION
ISP
ITRM
LEO
MANET
MCPin
MGP
MLCE
MLR
NSE
OppNet
PB

PC
PCA
PCR
PCRA
PD
PEKS
PEON
PFM
PGP
PKI
PRoPHET

QRC

RMSE

RPGM

RSA

SA
SAGE-PRoPHET
SHA

SN

SnW

SRD

TA

TCP/IP
T-PRoPHET
TTP

VANET

VDTN
Wise-PRoPHET
WLAN

Abbreviations

Interplanetary Overlay Network
Influencing situational parameter

Iterative Trust and Reputation Mechanism
Low Earth orbiting

Mobile ad hoc network

Modified control pin

Modified group pin

Multiple layer commutative encryption
Multiple linear regression

Nash-Sutcliffe efficiency

Opportunistic network

Percentage bias

Principal component

Principal component analysis

Principal component regression

Principal component regression analysis
Perception deviation

Public encryption with keyword search
Privacy-Enhanced Opportunistic Networking
Positive feedback message

Pretty Good Privacy

Public key infrastructure

Probabilistic Routing Protocol using History of Encounters
and Transitivity

Qatar Red Crescent

Root mean squared error

Reference point group mobility
Rivest—-Shamir—Adleman

Situational awareness

Security-aided and group encounter-based PRoPHET
Secure Hash Algorithm

Shelter node

Spray and wait

Shelter-specific resource deficit

Trusted authority

Transmission Control Protocol/Internet Protocol
Trusted PROPHET

Trusted third party

Vehicular ad hoc network

Vehicular DTN

Watchdog supervised PROPHET

Wireless local area network



Smart Innovation, Systems and Technologies

Volume 228

Series Editors

Robert J. Howlett, Bournemouth University and KES International,
Shoreham-by-sea, UK

Lakhmi C. Jain, KES International, Shoreham-by-Sea, UK



The Smart Innovation, Systems and Technologies book series encompasses the
topics of knowledge, intelligence, innovation and sustainability. The aim of the
series is to make available a platform for the publication of books on all aspects of
single and multi-disciplinary research on these themes in order to make the latest
results available in a readily-accessible form. Volumes on interdisciplinary research
combining two or more of these areas is particularly sought.

The series covers systems and paradigms that employ knowledge and intelligence
in a broad sense. Its scope is systems having embedded knowledge and intelligence,
which may be applied to the solution of world problems in industry, the environment
and the community. It also focusses on the knowledge-transfer methodologies and
innovation strategies employed to make this happen effectively. The combination of
intelligent systems tools and a broad range of applications introduces a need for a
synergy of disciplines from science, technology, business and the humanities. The
series will include conference proceedings, edited collections, monographs, hand-
books, reference books, and other relevant types of book in areas of science and
technology where smart systems and technologies can offer innovative solutions.

High quality content is an essential feature for all book proposals accepted for the
series. It is expected that editors of all accepted volumes will ensure that
contributions are subjected to an appropriate level of reviewing process and adhere
to KES quality principles.

Indexed by SCOPUS, EI Compendex, INSPEC, WTI Frankfurt eG, zbMATH,
Japanese Science and Technology Agency (JST), SCImago, DBLP.

All books published in the series are submitted for consideration in Web of Science.

More information about this series at http://www.springer.com/series/8767


http://www.springer.com/series/8767

Suman Bhattacharjee - Siuli Roy - Sipra Das Bit

Post-disaster Navigation
and Allied Services
over Opportunistic Networks

@ Springer



Suman Bhattacharjee Siuli Roy

Information Technology Information Technology

Dr. B. C. Roy Engineering College Heritage Institute of Technology
Durgapur, West Bengal, India Kolkata, West Bengal, India
Sipra Das Bit

Computer Science and Technology
Indian Institute of Engineering Science
and Technology, Shibpur

Howrah, West Bengal, India

ISSN 2190-3018 ISSN 2190-3026 (electronic)
Smart Innovation, Systems and Technologies
ISBN 978-981-16-1239-8 ISBN 978-981-16-1240-4 (eBook)

https://doi.org/10.1007/978-981-16-1240-4

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature

Singapore Pte Ltd. 2021

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721,
Singapore


https://doi.org/10.1007/978-981-16-1240-4

Parents teach in the toughest school in the
world—The School for Making People. You
are the board of education, the principal, the
classroom teacher, and the janitor.

—Virginia Satir

Dedicated to our parents



Foreword by Prof. Sukumar Ghosh

Disasters of various types and scales frequently occur, and they torment human
society in unpredictable ways. Each disaster has a unique footprint. While Covid-
19 pandemic is once in a century event, the more common disasters are natural
disasters triggered by earthquake, flood, tornado etc. The challenge is to maintain
emergency services and supply lines so as to minimize the loss of life and property
as much as possible. In today’s digital society, a key component of all the essential
services is communication. The lack of effective communication paralyzes essential
services. Road networks become partially inaccessible. Our modern society takes
phone and internet services for granted, but often they are the first ones to fall apart
when disasters strike. Social media becomes unreachable. The first responders are
adversely affected. Adequate preparedness for such disasters requires both proactive
efforts and reactive steps.

This monograph proposes and documents a number of strategies to mitigate the
impact of a disaster that disrupts electronic communication. These are based on
extensive research conducted by the authors over the past few years. Maintaining
electronic communication in the face of disasters has been emphasized. Of particular
interest here is the study of various types of opportunistic and delay-tolerant networks
and their performances in simulated environments. Both practitioners and networking
researchers engaged in disaster mitigation will find them useful.

December 2020 Sukumar Ghosh
Professor Emeritus

Department of Computer Science

University of lowa

Iowa City, IA 52242, USA
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Foreword by Prof. Keiichi Yasumoto

The monograph on Post-disaster Navigation and Allied Services over Opportunistic
Networks addresses an important and timely topic. In recent years, natural disasters
such as earthquakes, tsunamis, landslides, volcanoes, wildfires, floods, hurricanes,
tornadoes, etc. have occurred more frequently than ever. Within the recent 50 years
from 1967 to 2016, about 8,000 natural disasters occurred in the world and caused
huge loss of human (280 million deaths) and economic resources (about 730 billion
dollars). The top three regions where natural disasters most frequently happened
are South-East Asia, South Asia and Central America. In terms of devastation, in
September 2018, Sulawesi earthquake and tsunami happened in Indonesia where
more than 4,000 people were killed. In April 2015, the Nepal Earthquake killed nearly
9,000 people, in excess of 600,000 houses were destroyed and more than 288,255
houses were damaged. Due to global warming, the number of natural disasters caused
by climate changes such as typhoon, hurricanes and floods is also growing worldwide.

In the aftermath of large-scale disasters, one of the biggest problems is the impair-
ment of cellular communication and the unavailability of internet services caused
by the failure of communication infrastructure, including cellular towers and base
stations by the power outage, water leakage, etc. Therefore, rapid deployment of
post-disaster communication infrastructure and provisioning of internet services,
especially GIS service, are crucial. Without communication infrastructure or GIS
service, it becomes extremely difficult to facilitate life-saving rescue operations as
well as adequate relief services in a timely manner. It is important to establish reliable
and seamless information exchange among all stakeholders—disaster victims, emer-
gency and disaster management personnel, policemen, rescue and medical teams,
volunteers, government and non-government organizations, etc. This monograph
addresses some of these challenges by proposing a post-disaster map-based navi-
gation service, post-disaster situational awareness and resource management, and
ad hoc communication infrastructure based on opportunistic networks for realizing
these challenges during disaster situations where communication infrastructure is
destroyed.

The monograph is well exploring relevant issues and challenges related to post-
disaster services in six chapters. Chapter 1 introduces disaster management cycle,
post-disaster management services and challenges in post-disaster scenarios followed
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by architecture, routing and applications of opportunistic networks. Chapter 2
describes the author’s primary challenge, post-disaster map-based navigation service,
while Chap. 3 deals with the two other important challenges, post-disaster situational
awareness and resource management. Chapter 4 presents the opportunistic networks
architecture for reliable and energy-efficient post-disaster management. Chapter 5
investigates the routing protocols for energy-efficient post-disaster management. The
final chapter summarizes the future research scope in various technologies applied to
post-disaster management. The proposed map-based navigation services, situational
awareness and resource management services, opportunistic network architecture
and routing protocols may help enhance emergency preparedness and personnel
training. Thus the monograph is expected to benefit not only researchers and academi-
cians but also disaster management practitioners of government and non-government
organizations, particularly in developing countries.

January 2021 Keiichi Yasumoto
Professor of Graduate School of Science

and Technology

Nara Institute of Science and Technology

Ikoma, Japan



Preface

It was a nice afternoon of 25 April, 2015, and we were attending a meeting of our
research team at an Engineering institute campus away from Kolkata, India. The
topic of discussion in that meeting was the application of ICT in disaster manage-
ment. Suddenly we felt a mild tremor and within a few hours, we got to know that
the tremor was caused by a massive earthquake which hit Nepal. The severity of
the disaster was enormous, and the whole country was partially disconnected from
the rest of the world. After almost one and half months of the disaster, a small
team of our research group visited Katmandu, Nepal. The visuals were horrifying at
Katmandu, and the road conditions were terrible even after one and half months of
the disaster. We observed uncleared debris was piled up at the middle of the roads.
There was scarcity of food, drinking water and shelters. Those visuals have motivated
us to conduct research so that the disaster-prone countries can equip themselves with
appropriate measures to cope with the challenges associated with the disasters. Some
of the serious challenges are incapacitated communication infrastructure, unstable
power supply and inaccessible road networks. Out of these challenges, the destruc-
tion of road networks, especially in developing countries, acts as a major hindrance
to effective disaster management. This monograph provides the details of developing
a digital route map construction system over the opportunistic networks. The mono-
graph also provides the solution of the two other important post-disaster management
services such as situational awareness and resource allocation. Both of these services
are invariably dependent on the existence of navigation support. Finally, in order to
offer such services, the other challenge is to address the problem of incapacitated
communication infrastructure. This monograph also deals with such challenges in
post-disaster scenarios and develops automated post-disaster management services.
The monograph is primarily divided into two parts, such as developing post-
disaster management services and designing a post-disaster opportunistic network
framework underneath. The first three chapters of the monograph discuss the devel-
opment aspects of numerous post-disaster management services, whereas Chaps. 4
and 5 deal with designing a post-disaster opportunistic network framework.
Chapter 1 of this monograph deals with the necessary background to understand
the remaining chapters. Initially, this chapter provides an introduction to the overall
disaster management process. The various post-disaster management services along
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with the challenges of disaster management are discussed in the later parts of the
chapter. An overview of opportunistic networks including their features, architecture,
routing protocols and applications is also discussed in this chapter.

A smartphone-based digital route map construction system (Post-disaster Map
Builder) is discussed in Chap. 2 which offers map-based navigation service in post-
disaster scenarios. The proposed system constructs digital route maps of the affected
areas using mobile handheld devices such as smartphones.

In Chap. 3, two post-disaster management services, namely situational aware-
ness and resource management are discussed. An Android application (Disaster-
Messenger) is presented which allows the sharing of situational information (text,
image, video, or voice recordings) without the help of conventional network infras-
tructure. The development of a decentralized scheme (DPDRM) is also presented in
this chapter to automate post-disaster resource management. The proposed scheme
allows periodic group-based sharing of resource inventories and supports the search
and retrieval of queries within a restricted time period.

In Chap. 4, a reliable and energy-efficient post-disaster opportunistic network
architecture is designed to support post-disaster communication. The proposed
opportunistic network architecture includes suitable network architecture and node
deployment plans. Thus, three-tier architecture is proposed to facilitate post-disaster
communication. Suitable node deployment plans for both mobile and static nodes
corresponding to tier-1 and tier-2, respectively, to enhance the network reliability are
also described in Chap. 4.

Finally, three energy-efficient post-disaster opportunistic network routing proto-
cols, viz., Priority-enhanced PROPHET (Pen-PRoPHET), Group encounter-based
PRoPHET (Ge-PRoPHET) and Trace Route supporting three different post-disaster
management services, such as situational awareness, resource management and map-
based navigation, respectively, are described in Chap. 5. The aforesaid routing proto-
cols along with the proposed post-disaster communication architecture satisfy the
desired network reliability requirement for post-disaster communication.

The primary targeted readers of the monograph are technologists, disaster manage-
ment agencies, practitioners and researchers working in the domain of ICT-based
disaster management in developing countries. They would find it useful in under-
standing the challenges of providing low-cost post-disaster management services
in the disaster aftermath in absence of traditional communication infrastructure. In
addition to that, due to the sharp rise in the number of disasters in the recent past,
academic institutions are introducing specialized courses on disaster management to
enhance student awareness. This monograph can also be used as a reference book in
such courses.

Kolkata, India Suman Bhattacharjee
Kolkata, India Siuli Roy
Howrah, India Sipra Das Bit

December 2020



Acknowledgments

Writing a monograph is a project by itself, and just like any real-life project, publica-
tion of a monograph requires active cooperation from a large group of people apart
from the authors. We would like to thank those people who are involved in the prepa-
ration of the manuscript and without whom the monograph could not have seen the
light of the day.

First of all, we express our gratitude to Prof. Sukumar Ghosh, Department
of Computer Science, University of Iowa, USA, for mentoring our research. His
guidance remains influential in the preparation of this monograph.

We are thankful to Prof. Somprakash Bandyopadhyay, MIS Group, Indian Institute
of Management Calcutta, India for sharing his thoughts that helped us conceive many
works that have been presented in this monograph.

We are indebted to the Society for Promotion of Appropriate Development Efforts
(Spade) a voluntary NGO in northeast India for supporting us in different field trials
which are crucial for our research. In addition to that, we would like to thank Doctors
For You (a PAN India NGO) for offering their wholehearted support for acquiring
real post-disaster data from various affected areas which are instrumental for our
research.

This monograph would not have been completed without the continuous support
from the editorial and publishing teams of Springer Nature. In particular, we would
like to thank Mr. Aninda Bose and Ms. Sharmila Mary Paneer Selvam for their
support from behind the scene.

Xiii



Xiv Acknowledgments

Finally, we express our gratitude to our family members who wait patiently for
the completion of this monograph. Without their affection and continuous support,
it would not have been possible for us to complete this monograph.

Kolkata, India Suman Bhattacharjee
Kolkata, India Siuli Roy
Howrah, India Sipra Das Bit

December 2020



Contents

1 Introduction ........... ... .. . . . .. 1
1.1 Disaster Management Cycle ................coviiiiiinnnann. 1
L1T 0 Mitigation . ...ttt 2

1.1.2 Preparedness ............ooieiiiiniiiiiinnin.. 2

1.1.3 RESPONSE o evi ettt e 3

1.1.4 RECOVETY .ottt e 3

1.2 Post-disaster Management Services ........................... 4
1.2.1 Map-Based Navigation ..............cccooiviiinnnn... 4

1.2.2  Situational AWareness ...................ueiiiiiinaan 4

1.2.3 Resource Management ...................c.c.uuuuunnnnn. 5

1.2.4 Healthcare ......... ... ... i 5

1.2.5 LOZIStICS « v vt vttt ittt 6

1.2.6  ReconStruction ................eeueuiuuuuununnnnnnnn 6

1.3 Challenges in Post-disaster Scenarios .......................... 6
1.3.1 Inaccessible Road Networks ........................... 7

1.3.2 Incapacitated Communication Infrastructure ............. 7

1.3.3 Unstable Power Supply ..., 8

1.4 Overview of Opportunistic Networks .......................... 9
1.4.1 Features of Opportunistic Networks .................... 10

1.42 Architecture . ...........oiiiiiiiine ... 10

143 ROULNG . ..ot 11

1.4.4 Applications ...........iuiiiinui 12

1.5 MOtIVAtION .. .vtttt 14
1.6 Contribution . ...ttt 14
References . ...........uu 16
2 Post-disaster Map-Based Navigation Service ...................... 21
2.1 Literature Review . .......... .. 21
2.1.1 Point CIUStering .............euuuuuuuuuuunnunnnnnnnn. 22

2.1.2  Incremental Track Insertion ........................... 22

2.1.3 Intersection Linking .......... ... ... ... ... ... ... 23

XV



Xvi

Contents
2.2 System Architecture ................iiiiiiiiineeeennnneenn. 24
2.3 Post-disaster Map Builder Communication Architecture .......... 26
2.3.1 Trace Management ...............oeiiiuninneennnnnn.. 27
2.3.2 MaplInference ............ouuiiiiiiiiii 30
2.4 Performance Evaluation ........... ... ... .. i, 36
2.4.1 Simulation Setupin MATLAB ......................... 37
2.4.2 Simulation Metrics ...t 37
2.4.3 Results and Discussion ..............ccooiiiiiiiiia... 38
2.5 Testbed Implementation .................ouuuiiiiuieunnnnnnn. 40
2.5.1 Testbed Setup ...t 41
2.5.2 Evaluating the Performance of Post-disaster Map
Builder App .. oo oo 42
2.6 ConClusion ..........ooiuiii 43
References .. ..........uuuu 43
Post-disaster Situational Awareness and Resource Management
SeIVICES ..o 45
3.1 Literature Review .............. i 46
3.1.1 Situational Awareness ..............oiiiiiiiiiiiia., 46
3.1.2 Resource Management Services ........................ 48
3.2 Situational Awareness Service Through Disaster Messenger
N o] o J 49
3.2.1 Design Modules ............oiiiiiiiiiiiiiii, 50
3.2.2 Performance Evaluation ............................... 53
3.3 Resource Management Service Through DPDRM Scheme ....... 57
3.3.1 System Architecture ............. ... . i, 58
3.3.2  Proposed DPDRM Communication Architecture ......... 59
3.3.3 Overhead Analysis ...........ccciiiiiiiiiiineeinn.. 65
3.3.4 Performance Evaluation ............. ... ... ... ... 70
3.4 ConClusion . ........oiiiui 75
References .. ...........uuunn 75
Reliable and Energy-Efficient Post-disaster Opportunistic
Network Architecture ....... ... ... .. ... ... 79
4.1 Literature Review ........ ..o 80
4.1.1  ArChitecture . ............uuuuiie e, 80
4.1.2 Node Deployment . ............ooiiiiiiiinnninnnnnnn.. 83
4.2 Network Architecture for Post-disaster Communication .......... 85
4.2.1 Classification of Existing Network Architectures ......... 86
422 Design Goals ..o 87
423 Design Parameters ............. ... ... 88
4.2.4 Proposed Three-Tier Network Architecture .............. 89
4.2.5 Performance Evaluation ............................... 91



Contents xvii

4.3 Node Deployment Plan for Post-disaster Message Transfer ....... 97
4.3.1 Post-disaster Message Dissemination ................... 98
4.3.2 Mobile Node Deployment ............................. 98
4.3.3 Static Node Deployment ................cooviiiiian... 106

4.4 Conclusion . ...........uu 110

References . ..........uuuu 111

5 Energy-Efficient Post-disaster Routing Protocols .................. 115

5.1 Literature Review . ........... .. 115
5.1.1 Unicast Routing Protocols .............. ..<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>