ABSTRACT

In this dissertation, we address the problem of finding an optimal coverage of sensor
nodes in WSN while ensuring connectivity among sensors. This connectivity
preservation is achieved without using centralized control and accurate location
information. The optimal node coverage is done according to OTLBO (Orthogonal
Teaching Learning Based Optimization) in order to improve network coverage. OTLBO
is an improvement over TLBO (Teaching Learning Based Optimization) that makes
TLBO fast to converge and more robust. OTLBO is a recent approach in the
optimization field. The connectivity preservation algorithm is localized and is based on
a subset of neighbors for taking motion decision. The connectivity preserving algorithm
maintains a connected topology; the distance covered by the mobile nodes is
constrained by the connectivity of the node to its neighbors in a connected sub-graph
like the relative neighborhood graph. Finally the node coverage is based on OTLBO
optimization technique.

Key Words— Sensor, connectivity, coverage, deployment, OTLBO.

Computer Science & Engineering Department, DTU i



ACKNOWLEDGEMENT

| would like to express my deep sense of respect and gratitude to my project
supervisor Mr. Rajesh Kumar Yadav for providing the opportunity of carrying out this
project and being the guiding force behind this work. | am deeply indebted to him for
the support, advice and encouragement he provided without which the project could
not have been a success.

| am also very grateful to Dr. O.P. Verma, HOD, Computer Science & Engineering,
DTU for his immense support. | would also like to acknowledge Delhi Technological
University library and staff for providing the right academic resources and environment
for this work to be carried out.

| would like to express sincere gratitude to my parents and friends for constantly
encouraging me during the completion of work.

Anand Prakash

University Roll no: 2K13/CSE/02

M.Tech (Computer Science & Engineering)
Computer Science & Engineering Department
Delhi Technological University

Delhi — 110042

Computer Science & Engineering Department, DTU iii



Computer Science & Engineering
Delhi Technological University
Delhi- 110042

www.dce.edu

CERTIFICATE

This is to certify that the dissertation titled “A hybrid Approach to Optimize Node
Deployment & Coverage Connectivity in Wireless Sensor Network” is a bona fide
record of work done by Anand Prakash, Roll No. 2K13/CSE/02 at Delhi
Technological University for partial fulfilment of the requirements for the degree of
Master of Technology in Computer Science & Engineering. This project was carried
out under my supervision and has not been submitted elsewhere, either in part or full,
for the award of any other degree or diploma to the best of my knowledge and my
belief.

(Mr. Rajesh Kumar Yadav)

Assistant Professor & Project Guide
Date:

Computer Science & Engineering Department

Delhi Technological University

Computer Science & Engineering Department, DTU iv



Table of Contents

Abstract

Acknowledgement

Certificate

List of Figures

List of Abbreviations

Chapter 1

Introduction

1.1. Overview of key issues in WSN
1.2. Sensor Node Architecture

1.3. Sensor Network Protocol Stack
1.4. WSN Characteristics

1.5. Motivation

1.6. Research Objective

1.7. Thesis Organization

Chapter 2

Literature Review

21. Types of WSN

2.2, WSN Application Areas

23. Application Characteristics

24. Design Metrics

2.5. Key issues of mobile sensor network deployment

2.6. Deployment Algorithms
2.6.2. Classification based on the manner of node placement in the target field
2.6.3. Classification based on the mobility of sensor nodes in the target field

Chapter 3

2.6.1. Classification based on optimal deployment of sensor nodes in the target field

Related Works

3.1.

Computer Science & Engineering Department, DTU

PSO Scheme Based on Consensus for Wireless Sensor Networks

vii

viii

© N o A~ DN

10
10

12
12
14
15
16
18
20
21
22
22

23
26



3.2

3.1.1. Consensus Algorithm

3.1.2. Modified PSO

Dynamic Deployment of Wireless Sensor Networks by Atrtificial Bee Colony Algorithm

Chapter 4

Proposed Work

41. Problem Definition
4.1.1. Coverage Problem
4.1.2. Connectivity Problem
4.2, Proposed approach for coverage problem
4.2.1. Teaching Learning Based Optimization (TLBO)
4.2.2. Teacher Phase
4.2.3. Learner Phase
4.3 . Orthogonal Design
4.3.1. Optimizer (OTLBO)
4.3.2. OD-based operator and updating strategy
4.3.3. Steps of OD-based TLBO
44, Connectivity Preservation Algorithm
4.41. Analysis of Algorithm 4
4.5. Proposed Hybrid Approach
4.5.1. Analysis of Hybrid Approach
Chapter 5

Simulation Results and Analysis

5.1. System Model

5.2. Simulation Setup

5.3. Performance Evaluation
5.3.1 Performance Metrics
5.3.2 Simulation Results
5.3.3. Analysis

Chapter 6

Conclusion and Future Work

References

Computer Science & Engineering Department, DTU

26
27

30
30
30
30
31
31
31
32
32
33
33
34
35
36
37
37

38
38
40
41
41
42
42

46
47

Vi



List of Figures & Tables

Figure 1.1:
Figure 1.2:
Figure 1.3:
Figure 1.4:
Figure 1.5:
Figure 1.6:
Figure 2.1:
Figure 3.1:
Figure 3.2:
Figure 4.1:
Figure 5.1:
Figure 5.2:
Figure 5.3:
Figure 5.4:
Figure 5.5:
Figure 5.6:
Table 5.1:

Table 5.2:

Wireless Sensor Network

Broad classification of various issues in a WSN
Applications of WSNs

Components of a sensor node

Sensor Network Protocol Stack

Single and multi-hop networks

Overview of sensor applications

WSN Key Issues

Solution Array

An illustration of coverage with connectivity
Process of simulation

A model of a sensor node

Final deployment of sensors

Final deployment of sensors without topology
Average of 30 runs

The most difference in a run

Simulation Parameters

Node Deployment Results

Computer Science & Engineering Department, DTU

© oo o 0 W

23
29
31
38
40
43
44
44
45
41
42

vii



List of Abbreviations

WSNs
QoS
MEMS
ADC
PMP
MMP
BS
TMP
MAC
H/W
S/W
GPS
Al
TLBO
OTLBO
OD
ABC
UDG
PSO
GA
RNG

Wireless Sensor Networks
Quality of Service

Micro-Electro Mechanical System
Analog to Digital Convertors
Power Management Plane

Mobility Management Plane

Base Station

Task Management Plane

Medium Access Control

Hardware

Software

Global Positioning System
Artificial Intelligence

Teaching Learning Based Optimization
Orthogonal Teaching Learning Based Optimization
Orthogonal Design

Artificial Bee Colony Algorithm
Unit Disk Graph

Particle Swarm Optimization
Genetic Algorithm

Relative Neighborhood Graph

Computer Science & Engineering Department, DTU

viii



