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Abstract 

Wireless sensor networks (WSNs) represent an important type of wireless network. 

WSNs are being applied in various fields such as the industrial, military, agricultural, 

medical, and other fields civil or military. These networks have characteristics and 

features such as small size, easily deploy, and cheap. But, they also suffer from 

different limitations such as limited energy, limited memory, and computation. 

WSNs also suffer from several challenges including energy consumption.  Energy 

consumption is one of the most important factors affecting WSN efficiency and 

reliability. One of the most important ways to improve the performance of the WSNs 

is the clustering approach.  Routing protocols in WSNs can be classified based on 

network structure into flat routing protocols, location-based protocols, and 

hierarchical routing protocols.  

This dissertation focused on the develop hierarchical routing protocols based on 

clustering by the following contributions.  

Proposing and deriving a mathematical model to estimate the optimal number of the 

created clusters. This optimal number of clusters is the best possible number that can 

be finally reached iteratively by other clustering methods such as k-means.  

Propose and derive another mathematical model to divide the deployed zone into 

three sectors.  The first sector is that surrounding the Base Station (BS) with a 

diameter equal to the sensors communication range (R), the second sector is the edge 

or the border of the deployed area with a distance far from the edge equal to R, while 

the third sector is the rest of the deployed area (area between the two sectors). 

Propose a hybrid algorithm that combines the Particular swarm optimization (PSO) 

and the K-mean clustering algorithm in selecting the optimal CHs for the created 

clusters. This hybrid algorithm is called in this thesis (PSO-K algorithm). PSO-K 

algorithm selects CH based on the energy residual and the intra and inter-

communication distances.  

A developed optimal technique to form clusters is proposed in this dissertation. This 

technique is based on both the Euclidian scales and the optimal number of clusters. 

An optimal solution to fix the problem of sensors located at the edge of the network 

is proposed and implemented. This solution prevents these nodes from being CHs. 

The proposed mathematical model does not give the SNs at the edge of the network 

any chance to play a CH role.     

An optimal solution to the problem of SNs placed at a certain distance near the BS 

has been proposed mathematically. The sensors near the BS are not able to play the 
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CH role to according the proposed model. These sensors are allowed to 

communicate with the BS directly. 

The performance of the proposed system was evaluated using a MATLAB simulator. 

The most important metrics are the energy consumption rate, the number of live and 

dead nodes per round, and the average number of packets received by the BS. The 

results of this dissertation were compared with existing protocols such as LEACH, 

EAMMH, and I-LEACH protocols. The proposed PSO-K algorithm showed an 

average improvement of about 52% over the LEACH protocol and about 54%, over 

the EAMMH protocol, and about 10% over the I-LEACH protocol. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

Declaration Associated with this Dissertation 

Some of the works presented in this dissertation that has been published or accepted are 

listed below. 

A. Published  

1. Selecting an Optimal Cluster Head using PSO Algorithm in WSNs  

(International Conference on Software, Telecommunications and Computer Networks 

(SoftCOM2022). It is published in IEEE Explore, 2022) 

2. A New Modeling Approach to Process the Sensors Communication based 

on their Locations  

(International Conference on IEEE 8th International Conference on Smart Instrumentation, 

Measurement and Applications (ICSIMA2022). It is published in IEEE Explore 2022). 

B. Accepted  

1. Optimizing LEACH Routing Protocols for WSN: An Analysis Study  
(2nd International Conference on Modern Applications of Information and 

Communication Technology (MAICT_2021), IKC College. It has been accepted and will 

be processed for possible publication in the AIP Conference Proceedings) 

2. LEACH Routing Protocol: A Comparative Study 
(Accepted in the Indonesian Journal of Electrical Engineering and Computer Science 

(IJEECS). 

C. Submitted   

1. A New Modelling Approach to Optimize Number of Clusters in WSNs 

 

 

 

 

 

 

 

 

 



vi 
 

Table of Contents  

Dedication                 ……………………………………………………………………………….. i 

Acknowledgment     ……………………………………………………………………………….. ii 

Abstract                     ……………………………………………………………………………….. iii 

Table of Contents     ……………………………………………………………………………….. v 

List of Abbreviations ……………………………………………………………………………….. x 

List of Symbols           ……………………………………………………………………………….. xi 

List of Equations        ……………………………………………………………………………….. xiii 

List of Tables              ……………………………………………………………………………….. xv 

List of Figures            ……………………………………………………………………………….. xvii 

Declaration Associated with this dissertation……………………………… xviii 
  
Chapter 1 Introduction  

1.1 Introduction                 …………………………………………………………………………… 1 

1.2 Research Motivation  …………………………………………………………………………… 2 

1.3 Problem Statement     …………………………………………………………………………… 3 

1.4 Aim of Thesis                …………………………………………………………………………… 4 

1.5 Research Questions    …………………………………………………………………………… 4 

1.6 Contributions               …………………………………………………………………………… 5 

1.7          Literature review         …………………………………………………………………………… 6 

 1.7.1      Reported Work on CH Selection randomly in WSNs                                    6 

 1.7.2      Reported Work on CH Selection based on the Weights in WSNs               7 

 1.7.3      Reported Work on CH Selection based on Optimizing algorithms 8 

1.8 Dissertation Layout     …………………………………………………………………………… 9 

1.9 Summary                      …………………………………………………………………………… 10 

 
 

 
 

   



vii 
 

Chapter 2 Wireless Sensor Networks  

2.1 Introduction                                         …………………………………………………………… 11 

2.2 An Overview of WSNs                        …………………………………………………………… 13 

 2.2.1      WSN Architecture                …………………………………………………………… 14 

 2.2.2     Sensor Node Architecture  …………………………………………………………… 15 

 2.2.3     Features of WSNs                  …………………………………………………………… 16 

 2.2.4    WSN Types and Applications …………………………………………………………… 17 

 2.2.5     Challenges of WSNs                …………………………………………………………… 18 

2.3 Routing categories in WSNs              …………………………………………………………… 21 

 2.3.1   Challenges                                …………………………………………………………… 22 

 2.3.2   Classification                            …………………………………………………………… 23 

 2.3.3   Hierarchal Routing Protocols …………………………………………………………… 24 

2.4 CH Selection Approaches                    …………………………………………………………… 28 

 2.4.1     Probabilistic Approaches       …………………………………………………………… 

2.4.2     Deterministic Approaches    …………………………………………………………… 

2.4.3     LEACH Limitations                   ……………………………………………………………    

30 

29 

30 

2.5 Deployment Techniques in WSNs      …………………………………………………………… 32 

2.6 Clustering Techniques                          …………………………………………………………… 36 

 2.6.1     DBSCAN Clustering                 …………………………………………………………… 38 

 2.6.2    GMM Clustering                       …………………………………………………………… 41 

 2.6.3    Hierarchal Clustering               …………………………………………………………… 

2.6.4    Spectral Clustering                   …………………………………………………………… 

2.6.5    K-Means                                    …………………………………………………………… 

42 

44 

45 

2.7 Meta-Heuristic Algorithms in WSNs   ………………………………………………………… 47 

 2.7.1   Particle Swarm Optimization (PSO) …………………………………………………. 47 

2.8 Performance Metrics for Evaluation            …………………………………………………. 52 

 

 



viii 
 

Chapter 3 Proposed System  

3.1 Introduction                                    ……………………………………………………………… 53 

3.2 Research Methodology                 ……………………………………………………………… 53 

3.3 Deployment techniques                ……………………………………………………………… 55 

3.4 Clustering Techniques                   ……………………………………………………………… 56 

 3.4.1      DBSCAN  Algorithm         ……………………………………………………………… 56 

 3.4.2      GMM Algorithm               ……………………………………………………………… 58 

 3.4.3      Hierarchical Algorithm    ……………………………………………………………… 59 

 3.4.4      Spectral Algorithm          ……………………………………………………………… 60 

 3.4.5      K-mean Algorithm          ……………………………………………………………… 

3.4.6    Study and Comparison    ……………………………………………………………… 
 

61 

62 

 3.4.7      Propose Method            ……………………………………………………………… 66 

3.5   CHs Selection Techniques            ……………………………………………………………… 69 

 3.5.1      Select CH randomly and deterministically   ………………………………… 69 

 3.5.2      Proposed Methodology                                  ………………………………… 69 

 3.5.3      Proposed Hybrid (PSO-K) Technique            ………………………………… 71 

3.6      CH Selection problem at the edge of the network   ………………………………… 81 

 3.6.1 Problem definition                                               ………………………………… 81 

 3.6.2 Problem Solution                                                 ………………………………… 82 

3.7        Cluster Formation Techniques  ………………………………………….. 83 

 3.7.1 Proposed optimal method to Cluster Formation ………….. 83 

3.8       Sensor Nodes near Base Station Problem   ………………………… 83 

 3.8.1 Problem Description …………………………………………………. 84 

 3.8.2 Problem-Solving   ……………………………………………………….. 85 

 
 
 
 

  
 
 
 
 
 



ix 
 

Chapter 4 Simulation Results and Performance Evaluation  

4.1 Introduction                                               …………………………………………………….. 86 

4.2 Result Layout                                             …………………………………………………….. 87 

 4.2.1     Simulation Assumptions            …………………………………………………….. 88 

 4.2.2     Assumptions                                 …………………………………………………….. 88 

 4.2.3     Guided User Interfaces (GUIs)   …………………………………………………….. 89 

4.3 Results of Deployment techniques         …………………………………………………….. 91 

4.4 Results of Clustering Techniques             …………………………………………………….. 94 

 4.4.1   Proposed Method                           …………………………………………………….. 103 

4.5 Proposed PSO-K Algorithm                       …………………………………………………….. 108 

4.6 Proposed optimal Cluster Formation      …………………………………………………….. 116 

4.7       A node at Edge Results                              …………………………………………………….. 118 

4.8       Node near BS Results                                 …………………………………………………….. 121 

   

Chapter 5 Conclusions  and Future  Directions  

5.1 Introduction ...................................................................................................... 123 

5.2 Conclusions  ......................................................................................................  123 

 5.2.1          Select Suitable Deployment Technique  ……………………………………… 124 

 5.2.2         Select Suitable Clustering Technique   …………………………………………  124 

 5.2.3         Select Optimal Number of Clusters (K)  ................................  125 

 5.2.4         CH Selection and Cluster Formation Enhancement   ........................ 126 

 5.2.5         Solving the Edge Problem …………………………………….. 127 

 5.2.6         Solving the SNs near BS Problem  ……………………………. 128 

 Published papers  ...............................................................  140 

 

 

 

 



x 
 

List of Abbreviations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations Description 

ABC Artificial Bee Colony 

ACO Ant Colony Optimization 

ADC Analog to Digital Converters 

AoI Area of Interest 

BCDCP Base Station Controlled Dynamic Clustering Protocol 

BS Base Station 

CH Cluster Head 

CPU Central Processing Unit 

DBEA-LEACH Distance-Based Energy Aware -LEACH 

DBSCAN Density-Based Spatial Clustering of Applications with Noise 

DC Direct Communication 

EGT Evolutionary Game Theory 

EM Expectation-Maximization 

FA Firefly Algorithm 

FDN First Dead Nodes 

GA Genetic Algorithm 

GMM Gaussian Mixture Model 

GPS Global Positioning System 

GUIs Guided User Interfaces 

HDN Half Dead Nodes 

IoT Internet of things 

LDN Last Dead Nodes 

LEACH Low-energy adaptive clustering hierarchy 

LEACH-C LEACH-Centralized 

MTE Minimum Transmission Energy 

MW-LEACH Multiple Weight- LEACH  

OLE Optimized Lifetime Enhancement 



xi 
 

 

 

 

 

 

 

 

 

 

PEACH Power Efficient and Adaptive Clustering Hierarchy 

PEGASIS Power-Efficient Gathering Sensor Information Systems 

PSO Particle Swarm Optimization 

QoS Quality of Service 

SCH Secondary Cluster Head 

SEP Stable Election Protocol 

SN Sensor Node 

SOP Self-Organizing Protocol 

TDMA Time Division Multiple Access 

TEEN Threshold sensitive Energy Efficient Sensor Network 

W-LEACH Weight- LEACH 

WSN Wireless sensor network 



xii 
 

List of Symbols 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Symbols Description 

A Area of Interest 

As Area of the Sensing Node 

d Distance between  Node i and BS 

K Number of Clusters 

N Number of Sensor Nodes 

P Coverage Probability 

r1 Transmission Range 

r2 Threshold Value 



xiii 
 

List of Equations 

2.1 LEACH  Equation                    …………………………………………… 27 

2.2 DBEA-LEACH  Equation        …………………………………………… 28 

2.3 W-LEACH  Equation               …………………………………………… 30 

2.7 PSO equations                         …………………………………………… 48 

3.1  SN sensing the area                  …………………………………………… 67 

3.2 Coverage probability                …………………………………………… 67 

3.3 Optimal number of SNs            …………………………………………… 67 

3.4 Optimal number of clusters       …………………………………………… 67 

3.5 SNs near BS                              …………………………………………… 69 

3.6 SNs candidates as CH               …………………………………………… 69 

3.7  SNs located at edge                  …………………………………………… 70 

3.8 Radio Energy Model                …………………………………………… 72 

3.9 Radio Energy Model                …………………………………………… 73 

3.12  Particle Pi of population         …………………………………………… 71 

3.20 Fitness function                       …………………………………………… 76 

 

 

 

 

 

 

 

 

 

 

 



xiv 
 

LIST OF TABLES 

 ‘ 

Table 1- 1 Related Works                                                       ................................  6 

Table 1- 2 Related Works                                                       ................................  8 

Table 2- 1 Comparison between classification and clustering................................ 37  

Table 3- 1 Comparison among clustering techniques             .................................62   

Table 3- 2 Advantages of Clustering Algorithms                   ................................  63  

Table 3- 3 Disadvantages of Clustering Algorithms                …............................64  

Table 3- 4 Applications of Clustering Algorithms                  .................................65  

Table 4- 1 Simulation parameters                                            ................................ 88  

Table 4- 2 Comparison among deployment techniques           ................................ 92  

Table 4- 3 comparison among different clustering techniques................................96  

Table 4- 4 Affect different rounds on the energy consumption.............................. 97  

Table 4- 5 Affect different rounds on the energy consumption............................. 99 

Table 4- 6 Different clustering techniques                                     ………………………….98 

Table 4- 7 Effect Round Number for energy consumption          ….…………………….101 

Table 4.8 Effect Round Number for energy consumption            ……………………….102 

Table 4- 9 Comparison K-Mean and Modified K-mean                  ………………………103 

Table 4.10 modified K-mean algorithm                                           ……………………….104 

Table 4.11 K-mean algorithm                                                           ………………………. 106 

Table 4.12 Applied the modified K-mean algorithm                   ……………………….  107 

Table 4- 13 Comparison among PSO-K and LEACH                     …………………………109 

Table 4- 14 Comparison among PSO-K and LEACH                     …………………………110 

Table 4- 15 Comparison among PSO-K and LEACH                    ……………………………111 

Table 4- 16   Compute the average energy consumption          ………………………….115 

 

 



xv 
 

LIST OF FIGURES 

 

Figure 1- 1 The road map of the thesis.                        ............................................... 10 

Figure 2- 1 Components of WSN                                 ............................................... 13 

Figure 2- 2 Architecture of Sensor Node                     ............................................... 13 

Figure 2- 3 WSNs Applications                                  ................................................ 15 

Figure 2. 4 Types of WSNs                                        ..................................................16 

Figure 2- 5 Routing protocols categories in WSN.     ....................................... …….20 

Figure 2- 6 Routing-based on network organization     .............................................. 21 

Figure 2- 7 Flat-based and hierarchical-based protocols ............................................ 22 

Figure 2- 8 Clustering in WSNs                                       ……................................... 22 

Figure 2- 9 Main Steps of DBEA-LEACH                     …………………................ 28 

Figure 2- 10 LEACH Enhancements                              ............................................ 31 

Figure 2- 11 Deployment technique types                     ............................................. 32 

Figure 2.12 Different forms of regular deployment       …………………………….33 

Figure 2- 13 Comparison among common clustering techniques…...........................37 

Figure 2- 14 Types of points in DBSCAN……………….......................................... 39 

Figure 2- 15 K-mean example                   …………………….................................. 46 

Figure 2- 16 Main steps of K-mean Algorithm............................................................46 

Figure 3- 1 Proposed system model............................................................................ 52 

Figure 3- 2 Steps of K-mean....................................................................................... 59 

Figure 3-3 Modified K- means..................................................................................... 67 

Figure 3- 4 Main steps of LEACH protocol................................................................ 68 

Figure 3- 5 Proposed Methodology ............................................................................ 70 

Figure 3- 6 Main phases of the proposed algorithm.................................................... 76 

Figure 3- 7 Main steps of the proposed PSO-K algorithm........... ............................... 81 

Figure 3- 8 Nodes at edge Problem…………………….............................................. 82 

Figure 3- 9 Solve Edge problem………………………............................................... 83 

Figure 3- 10 Build the clusters in PSO-K Algorithm. .................................................. 84 

Figure 3- 11 display SNs near BS................................................................................. 86 

Figure 3- 12 display SNs near BS................................................................................. 86 

Figure 4- 1 Result Stages of Proposed System.............................................................. 88 

Figure 4.2 Main Window for deployments and clustering ………………………….. 90 

Figure 4.3 Main windows for PSO-K algorithm……………………………………...96 

Figure 4.4 Stages of the Simulation Results…………………………………………...96 

Figure 4.5 Main Window for deployment techniques………………………………....97 

Figure 4.6 Sensor deployment techniques …………………………………………….99 

Figure 4.7 Main window for cluster formation………………………………………...100 



xvi 
 

Figure 4.8 Comparison among different clustering techniques……………………….101 

Figure 4.9 Comparison among different clustering techniques……………………….102 

Figure 4.10 Comparison among different clustering techniques……………………...103 

Figure 4.11 Different clustering techniques based on CH number……………………104 

Figure 4.12 Number of CH with different clustering algorithms……………….….….106 

Figure 4.13 Number of clusters (K) with different rounds…………………………….108 

Figure 4.14 Main window for deployment randomly in PSO-K algorithm……………109 

Figure 4.15 Clustering with different K…………………………………………….….110 

Figure 4.16   Clustering with different K………………………………………………110 

Figure 4.17 Clustering with different K…………………………………………….….110 

Figure 4.18 Clustering with different K…………………………………………….….110 

Figure 4.19 Clustering with different K……………………………………….….…....111 

Figure 4.20 FDN metric …………………………………………………………….…112 

Figure 4.21 HDN metric…………………………………………………………….….113 

Figure 4.22 LDN metric…………………………………………………………….….114 

Figure 4.23 comparison based on three metrics: FDN, HDN, and LDN………………115 

Figure 4.24 Average energy consumption……………..….……………………………116 

Figure 4.25 Problems with existing protocols……………………………………..……117 

Figure 4.26 Solving the problems by PSO-K algorithm……………………….……….118 

Figure 4.27 Edge problems in LEACH…………………………………………………119 

Figure 4.28 Describe the edge problem ...………………………………………………119 

Figure 4.29 Solution of the edge problem ……………………………………………....120 

Figure 4.30 Solve edge problem………………………………………………………....120 

Figure 4.31 Working proposed algorithm……………………………………………..…121 

Figure 4.32 SNs near BS problem……………………………………………………….122 

Figure 4.33 Solve sensor nodes near BS Problem…………………………………...…..122 

Figure 4.34 Solve the SNs near BS problem……………………………………………..123 

Figure 4.35 Solve the SNs near BS……………………………………………………….123 

Figure 4.36 Solve the SNs near BS……………………………………………………….124 

 

 

 

 

 

 

 

 

 

 

 

 

 



xvii 
 

LIST OF Algorithms 

 ‘ 

Algorithm 2.1 Square Deployment Technique                              .....................   34 

Algorithm 2.2 DBSCAN algorithm                                               .....................   40 

Algorithm 2.3 Hierarchical Clustering Technique                         .....................   43 

Algorithm 2.4 Spectral Clustering Technique                                .....................   44 

Algorithm 2.5 K-mean Clustering Technique                                .....................   46 

Algorithm 2.6 PSO Algorithm                                                       ......................   50 

Algorithm 2.7 Compute fitness function                                        ......................   51 

Algorithm (3.1): DBSCAN Technique with WSNs                       .....................    57 

Algorithm (3.2): GMM Clustering Technique with WSNs           .....................    58 

Algorithm (3.3):  hierarchical Clustering Technique with WSNs .....................    59 

Algorithm (3.4):  Spectral Clustering Technique with WSNs       .....................    60 

Algorithm (3.6) PSO Algorithm with WSNs                                ......................    75  

Algorithm (3.7):  Fitness function in PSO algorithm with WSNs......................    79 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 An energy saving approach based on a developed optimized technique to prolong WSN lifetime 
 

1 
 

 
Chapter 1 Introduction                                    

Chapter One 

Introduction 

1.1  Introduction 

               

                 A Wireless communications give opportunities to invent this type of 

network with low power, small size, and low cost called wireless sensor 

network (WSN). A WSN is a specific type of wireless networks which are 

used for several application monitoring purposes.  SNs are connected to each 

other by wireless links and setting with a battery, processor, memory, and 

radio abilities. Then, SNs sense the field and send sensing data to the base 

station (BS) [1]. BS is the key node that is responsible for gathering 

information.  WSNs comprise a large number of SNs that form the network 

and the main task is monitoring the interesting area when each SN can sense 

data from the physical area and send these data to the BS [2].  

                   Many studies focused on energy-efficient algorithms to reduce energy 

consumption, improve performance and prolong the lifetime of the whole 

network. 1Clustering techniques are used to improve energy consumption and 

prolong the life of the whole WSN by applying clustering techniques 

including cluster head (CH) selection process and cluster formation process 

Which significantly affect the WSN performance [3]. This chapter provides a 

brief description of WSN, motivation, problem statement, aim dissertation, 

research questions, dissertation contributions, literature review, and 

dissertation layout.  
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1.2 Problem Statement 

         In WSNs, sensor nodes capable of detecting the required information, 

performing some processing, and communicating with other connected nodes are 

the main component of these networks. However, the life of these nodes is often 

restricted by being powered by a battery with a limited life, constraining processing 

ability, memory, and radio communications. Energy efficiency is one of the most 

crucial issues for WSNs [4]. 

        Energy is important in WSNs because it must be used in order to guarantee the 

communication process and data delivery to the user in less period of time. Energy 

is a key factor to get the best performance for WSNs and increase the lifetime of the 

network. The key problem here is reducing the energy consumption of SNs and 

increasing the average energy saving [5].    

         The big problem is the limits in the power of SNs (the battery) due to the 

difficulty to change the battery or recharge it in a difficult environment. Energy is 

important in WSNs because it must be used in order to guarantee the communication 

process and data delivery to the user in less period of time [6].   

           Most of the energy is consumed in data processing and transmission. This 

means it is not rational to energy consumption due to inefficient cluster head 

selection and cluster formation. Thus, it would be prudent to design and implement 

systems that are designed to minimize energy consumption, and so increase the node 

lifetime and thus the life of the overall network [7]. 

        This thesis focuses on the optimization of the WSNs within the context of the 

sensor network to address a range of challenges, specifically energy efficiency.   

Energy is a key factor to get the best performance for WSNs and increase the lifetime 

of the network. The key problem here is reducing the energy consumption of SNs 

and increasing the average energy saving [8].     
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1.3 Research Motivation 

          WSN is becoming ever more pervasive in everyday life, connected to an ever 

greater array of diverse physical objects. The key vision of the WSN is to bring a 

massive number of smart objects together in integrated and interconnected 

heterogeneous networks, making the internet even more useful. It is a futuristic 

paradigm where all possible devices will interact with each other regardless of their 

size, compute power, and network connectivity, in a seamless environment. It makes 

applications smart by sensing, data harnessing, and decision-making towards actions 

mostly without human intervention [9].  

        WSN and other enabling technologies will have a significant impact on, for 

example, information gathering over large geographical areas for applications such 

as environmental monitoring, agriculture, industry, and surveillance. In such 

systems, large numbers of connected devices will sense and transmit huge amounts 

of data, each concerning its local environment and resulting in the realization of 

connected-device-oriented big data [10]. 

WSN is the most crucial part of the communication process of IoT networks. It 

consists of a number of sensor nodes that are responsible for collecting key 

information, performing some computations, and communicating wirelessly. These 

nodes can be deployed over a large geographical area and generally configured in a 

mesh network, ultimately sending a large volume of data to a base station (BS) or a 

gateway, and are usually forwarded via multiple hops to reach the BS [11]. These 

nodes are highly constrained devices with strict limitations on battery consumption 

and processing capabilities. Energy is considered a scarce resource for sensor nodes. 

Sometimes it can be costly, even impossible, to exchange an energy source, e.g., 

networks positioned deep in the ocean, near an active battlefield or volcano, or 

simply because a large number of nodes makes it logistically impossible [12]. 

In WSNs, SNs are having limitations including power limits, computation limits, 

and memory limits. These limitations with more requirements motivate for 

development and building WSNs with efficient- energy. The topic is interesting and 

many researchers are working on practical applications. There are a number of 

studies, and research focused on applied clustering techniques in WSNs [13].  
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1.4 Dissertation Aims  

This research aims to investigate and implement routing protocol-based clustering 

algorithms, cluster head selection techniques, and cluster formation techniques to 

minimize the number of hops and transmission distances, and thus reduce the energy 

consumption of WSN devices. This dissertation aims to develop and design a WSN 

with efficient energy. After studying and comparing different sensor deployment 

techniques and different clustering techniques in WSNs. This aim can be achieved 

by the following objectives: 

1. Propose a method to find the optimal number of clusters K. 

2. Propose a hybrid technique for the CH selection algorithm in WSNs and 

consider the problem of the SNs that are located at the edges of the network.  

3. Propose an efficient approach to cluster formation and find a solution to the 

sensors located near BS. 

4. Propose a developed data routing-based clustering protocol to maximize 

energy-saving by using hybrid (PSO & K-means) algorithms.  

5. Model, simulate and evaluate the performance of the proposed WSN 

topology. 

1.5 Research Questions  
 

          There are some important questions that should have been addressed before 

working to achieve the objectives of this thesis. These questions are: 

Q1/ What is the best deployment technique that is suitable for the area of interest? 

Q2 / What is the best clustering technique that is suitable for the area of interest? 

Q3 / How does one develop new algorithms to increase the lifetime of the WSNs? 

Q4 / How does one select a suitable cluster head and form stable clusters? 

Q5 / Q/ How to deal with the SNs located on the edges and near the base station? 
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1.6 Dissertation Contributions  

        The Dissertation contributes to enhancing the performance of WSNs obtained 

by decreasing energy consumption and developing and optimizing the routing 

protocol and evaluating and comparing deployment techniques such as random and 

regular ways. Also, evaluate and compare Clustering Algorithms such as K-mean, 

DBSCAN, GMM, Hierarchical and spectral. 

Contribution1: Propose a Model to select the optimal number of Clusters in WSNs. 

Propose an optimal Cluster Formation process based on the optimal 

number of clusters and less distance.  

Contribution2: propose a hybrid technique to select the CH by combining K-mean 

and PSO algorithms based on high levels of energy residual, the 

centrality of the SNs, and less distance to BS.  

Contribution3: Propose a novel model to prevent SNs that are placed at the edge to 

become CHs.     

Contribution4: Propose a novel model to allow the SNs near BS to communicate 

with the BS directly. 

1.7 Literature review     

 This section analyses the parts of the literature of the existing and related 

literature associated with the scope of the dissertation as shown in Table (1.1).  

Random selection of CH can be made without any central control of nodes. Low-

energy adaptive clustering hierarchy (LEACH) protocol that used a probability 

equation to select CH [14]. In LEACH-Centralized (LEACH-C) the CH process and 

cluster formation are done by BS and all nodes send their energy level and their 

position to the BS. BS selects the CH from the nodes that have greater energy than 

average energy [15]. Integrated LEACH (ILEACH) is extend the performance of 

the system by extending the network lifetime by modifying the threshold equation 

for selecting the CH for every round of clustering [16]. This protocol gives better 

network performance in terms of lifetime and less amount of power consumption in 

the network. Improve LEACH (I-LEACH) proposed routing algorithm selects 

sensor nodes with higher residual energy, more neighbors, and lower distance from 

the Base Station (BS) as Cluster Head (CH) nodes by modifying the threshold 

equation for selecting the CH [17]. 
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 Some metrics such as residual energy, node degree, and distance to BS are called 

weight which is computed at each SN. Many studies worked on the select CHs based 

on these weights by considering the SN with maximum weight is selected as CH.  

In multiple weight LEACH (MW-LEACH) protocol [18]. The nodes are selected 

from the initial set based on the high residual energy closer to the center of the 

density. This forms an initial set of CH candidates and the candidates then move in 

different directions to collect data from their members sending it to the BS. This 

routing protocol selects the CHs based on three parameters: the residual energy, the 

distances, and an optimal number of member SNs.  

In O-LEACH the cluster members will be able to play the role of a gateway.   The 

gateway allows the joining of orphan nodes and the gateway node is considered a 

CH and it has to connect a number of orphan nodes.   The orphan nodes become able 

to send their data messages to the CH [19].      

In Weighted -LEACH (W-LEACH) which is able to handle non-uniform networks 

as well as uniform networks, while not affecting the network lifetime. W-LEACH 

increases the network lifetime and the average lifetime for sensors for uniform and 

non-uniform WSNs [20]. Study and analyzed the measurement parameters of 

performance of each hierarchical cluster-based routing protocol algorithm. Select 

hierarchical cluster-based routing protocols in WSNs and compared them with their 

advantages and disadvantages [21].  Propose a new approach to achieve better 

enhancement of WSN in terms of network lifetime and data transmission time 

represented by reducing the packet delay time [22]. 

This paper Clustering and Neighboring Technique Based Energy-Efficient Routing 

(CNBEER) proposed by [23]. This approach prolongs the network’s lifetime by 

reducing its total energy consumption. The clustering method divides a network into 

equal-sized clusters to mitigate inessential energy consumption. This clustering 

algorithm selects a CH based on the G function which considers the current energy 

and position of the nodes of a base station.  Recently, researchers have tended to 

solve WSN problems using optimization algorithms including Genetic Algorithm 

(GA), Ant Colony Optimization (ACO), and Particle Swarm Optimization (PSO).  

PSO algorithm and the evolutionary game theory (EGT) algorithm are applied to 

improve the established clusters and select CHs [24].  Data routing-based clustering 

was Proposed by [25] to select CHs and cluster formation by using a PSO algorithm.  

The proposed algorithm selects CHs based on the energy level of the SNs and 
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handles the balancing of energy over the network. Also, this study considers CH 

failure.  

A new algorithm was proposed [26] using the PSO algorithm to determine the 

optimal number of CHs and achieved maximize the lifetime of the network.   

 LEACH-P algorithm [27] proposed based on the PSO algorithm for cluster 

formation of the SNs and CH selection and this algorithm selects the SNs near to 

the BS as CHs to reduce the power consumption of CH and to prolong the lifetime 

of the network.  A new algorithm using the PSO algorithm was proposed by [28] to 

select the CHs.  This study applied the reselection mechanism. The results of this 

study show that the proposed algorithm works best than the LEACH algorithm in 

the stability period.  In [29] proposed a new algorithm using the PSO algorithm to 

select CHs with energy-efficient based on many parameters such as residual energy, 

inter-cluster and intra-cluster distances of the SNs. Also, this study builds the 

clusters based on the weight function.  

A new algorithm proposed by [30] used the PSO algorithm in order to select the 

optimal CH algorithm based on node degree, residual energy, distance, and density 

of SNs in the cluster. This study used the fitness function for PSO in the CH selection 

process. This study reduces the consumption of energy of SNs and prolongs the 

lifetime of the network.  Proposed select the optimal CH algorithm based on the 

fitness function and the parameters residual energy level, intra-cluster, and inter-

cluster distances [31]. Applied PSO algorithm by [32] in order to select the optimal 

CH algorithm based on the basis of parameters like residual energy, intra-cluster 

distance, and inter-cluster distance of the sensor node. This study applied the fitness 

function for the PSO algorithm in order to reduce energy consumption and improve 

the lifetime of the network.  Proposed Hybrid clustering algorithm based K-Means 

clustering and Particle Swarm Optimization (PSO) by [33]to achieve efficient 

energy management and balancing the load distribution in WSN, to make efficient 

use of the available energy sources, and reduce traffic transmission and find the 

optimal distribution of sensors and CHs. The improved LEACH (iLEACH)protocol 

by [34] is based on the initial energy and number of neighbors of the nodes. This 

protocol is more applicable than any type that assumes a protocol by which each 

node knows the sum total energy of the network and then adapts its election 

likelihood of becoming a group head based on its remaining energy.  
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Ref 

Clustering Technique Advantages Disadvantages 

14 LEACH protocol selects cluster heads 

Randomly using a probability 

equation. 

- Not need any control 

information.  

- It saves energy. 

- It is completely distributed. 

- Improve the lifespan of 

wireless sensor networks.     

- Do not consider the residual 

energy when selecting CHs. 

- Do not consider the location of 

nodes when selecting CHs. 

-Unbalanced distribution for CHs. 

- Direct communication  

15 LEACH-C  uses a centralized 

clustering algorithm to select the CH 

nodes by BS based on higher energy. 

- Instead of randomly selecting 

CHs 

- Provided better clustering and 

longer lifetime. 

The sensor nodes must send 

information about their current 

energy to the BS 

17 Integrated Low Energy Adaptive 

Clustering Hierarchy protocol 

(ILEACH). 

The goal of ILEACH protocol is to 

minimize energy wastage during 

cluster formation in 

LEACH by modifying cluster head 

selection within the setup phase 

In ILEACH, the picking of 

cluster head is based on the 

residual energy of every node, 

the number of neighboring 

nodes, and the minimum 

distance between the cluster 

head and sink node. 

-Network lifetime 

 

The proposed mechanism uses 

same processes to choose cluster 

members and data transmission 

as the conventional LEACH 

protocol. 

-It used the initial chosen 

probability 

18 -Multiple weight LEACH (MW-

LEACH): select CHs based on       1. 

Residual energy,  

2. Distances between the CHs. 

3. The Optimal number of member 

nodes. 

-Performance metrics of throughput, 

energy consumption, packet delivery, 

network lifetime, and latency. 

-Lower complexity in terms of 

time and message.  

-It is providing a longer lifetime 

for the network.  

-It also provides fault tolerance. 

-Uniform cluster distribution and 

locations, the distances for data 

transmission between the nodes 

are optimally reduced by the 

adaptive multi-hop approach. 

-Reduces the consumption of the 

energy.   

-All the nodes is that they are 

homogeneous and have limited 

energy. 

-Adopts the centralized.    

33 Energy optimization in WSN using a 

hybrid k-means PSO clustering 

algorithm. 

- Achieve efficient energy 

management and balance the load 

distribution. 

- Find the optimal distribution of 

sensors and CHs. 

 

34 The improved LEACH (iLEACH) 

protocol is based on the initial energy 

and a number of neighbors of the 

nodes. improved LEACH  protocol, 

based on the initial energy and number 

of neighbors of the nodes. 

Improvement has been done by 

taking under consideration 

basically three factors; 

 -Residual Energy in nodes, 

Distance from BS and 

number of neighboring nodes 

 

iLEACH assigns a weighting 

probability to each node. 

 

 

 

Table 1.1 Related Work Description 
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1.8 Dissertation Layout  

            This Dissertation is organized into five chapters and these chapters tried to 

answer the most common research questions. In addition to this chapter, there are 

other four chapters in this thesis. Thus this section describes briefly the contents of 

these chapters as follows:  

Chapter 2 Displays the ideas, concepts, architecture, applications, types and 

challenges for WSNs. In the first, it presents the characteristics and architecture of 

WSNs and their applications and then it discusses categories of routing protocols in 

WSNs. Then discuss hierarchical protocols such as LEACH and discusses the most 

common solutions methods to minimize energy consumption.    

Chapter 3 introduces the system model and includes determining an optimal 

number of clusters, hybrid algorithm to select CH, and cluster formation.  

Chapter 4 shows the simulation results using the traditional and proposed 

techniques for the proposed data routing-based clustering protocol in WSNs. And it 

runs various existing routing protocols to measuring the performance and compares 

with the proposed algorithm in different environments.  

Chapter 5 A summary of the work is presented in the last chapter which displays 

the conclusions from the results.  Recommendations and suggestions are present for 

future work that would further enhance WSNs. Additional information can be found 

in appendices A, and B, as a supplement to the main chapters. WSNs applications, 

WSNs characteristics, challenges of WSNs, challenges of design routing protocols 

in WSNs, and routing protocols classification in WSNs in detail in Appendix A.  
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Chapter Two             Theoretical background 

2.1 Introduction1  

              

This chapter presents a momentary description of WSNs and focuses on the energy 

consumption factor as the biggest challenge facing this type of network as it depends 

on the battery as the main source of energy, which cannot be charged or replaced in 

specific applications. This chapter also identifies the sources of energy consumption 

in these networks and the methods and techniques that have been proposed to reduce 

energy wastage to give a longer life and better performance for the longest possible 

period. It also discusses the main categories of data 1routing protocols in WSNs and 

presents the problems that face them.1 Then it focuses on the routing protocols based 

on clustering and the key advantages, and properties of clustering. The weaknesses 

of the LEACH protocol are discussed. Deployment and clustering techniques are 

compared and analyzed. This chapter also displays the main algorithms which are 

proposed for selecting CH and building the clusters processes.  

2.2 WSNs 

      

              Advances in computers and wireless communication technologies can build 

a sensor network with a small size, low cost, and can process and save data. An 

example of these networks is the WSN which is a special type of wireless network 

that is composed of a large amount SNs [8]. SNs that are typically working based on 

battery power with limited energy resources and in some networks replacing the 

batteries is a difficult task. So, energy efficiency is one of the most important 

challenges and designing protocols with energy efficiency prolongs the lifetime of 

the network. WSN has become one of the most common techniques in different 

applications such as agriculture, factory monitoring, health care, and fire track. WSN 

has many advantages such as low cost, small size, multifunctional, self-organized, 

and ability to be routed by WSN protocols. Also, WSN has some limitations such as 

the low battery, short lifetime, area of sensor deployed, and sensor energy 

consumption [37].   

 



 An energy saving approach based on a developed optimized technique to prolong WSN lifetime 
 

11 
 

 
Chapter 2 Theoretical background 

WSN is formed by the deployment process of sensors in two ways a pre-defined or 

random process. The main task of SN in WSNs is to sense the AOI and group data 

and aggregate it and extract useful information. Then, forward this aggregate 

information to the end destination by a radio link.  WSN is commonly applied in 

military applications including monitoring the battlefields. WSN is an important part 

of the Internet1 of 1things (1IoT) networks and it is one of the most promising wireless 

communication technologies which are enabling IoT applications [38].  

        Sensors often work based on battery power with limited energy resources and 

recharging or changing, the battery is a difficult task. So, energy saving is the most 

important challenge in these networks, and to get this goal must design data routing 

protocols with energy efficiency in order to prolong the lifetime of the network. 

Today, this network become the most common wireless communication which is 

applied in different applications such as 1agriculture, 1factory, health 1 care, etc. The 

most common advantages of the WSN include low 1cost, small 1 size, and 1self-

organized [39].   

2.2.1 WSN Architecture 

           WSN involves several components that are integrated to create a suitable 

environment. The following major components of WSN [40-41]:  

Sensor Node (SN): A Sensor Node is a small device that has low power signal 

processing, low power computation, and a short-range communications capability. 

A sensor node consists sensing unit, a processing unit, a communication unit, and a 

power unit.  

Sink is a sensor node with the specific task of receiving, processing, and storing data 

from the other sensor nodes. A sink is also known as a data aggregation point.  

Base Station (BS): The base station is at the upper level of the hierarchical WSN. It 

provides the communication link between the sensor network and the end-user. It 

contains the antennas and other equipment needed to allow wireless communications 

devices to connect with the network. It is a centralized point of control within the 

network, which extracts information from the network and it also serves as a gateway 

to other networks. The BS is either a laptop or a workstation. The Architecture of 

WSNs includes interested areas, sensor nodes, sink, BS, and user as shown in Figure 

(2.1). 
 

  

 

 



 An energy saving approach based on a developed optimized technique to prolong WSN lifetime 
 

12 
 

 
Chapter 2 Theoretical background 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.2 Sensor Node Structure 

             The main parts of any SN are a sensing unit, power unit, transmission unit 

and processing unit. As shown in Figure 2.2: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2: Components of Sensor Node [42] 

 

Figure 2.1: Architecture of WSN [38] 
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The following simple definition of the main components of each SN in WSNs [42]. 

Sensing Unit: The sensing unit usually consists of one or more sensors and analog 

to digital converters (ADCs). The sensors observe the physical phenomenon and 

generate analog signals based on the observed phenomenon. The ADCs convert the 

analog signals into digital signals, which are then fed to the processing unit. 

Processing Unit: The processing unit usually consists of a microcontroller or 

microprocessor with memory, which provides intelligent control to the sensor node. 

Communication Unit: The communication unit consists of a short-range radio for 

performing data transmission and reception over a radio channel. 

Power Unit: The power unit consists of a battery for supplying power to drive all 

other components in the system. In addition, a sensor node can also be equipped with 

some other units, depending on specific applications. 

2.2.3 Characteristics of WSNs 

        WSNs have several features and characteristics which have an important role 

in SN designing. These features can summarize as follows [43]:  

 Static and Mobile WSN. 

 Deterministic and Nondeterministic WSN. 

 Single Base Station and Multi Base Station WSN. 

 Static Base Station and Mobile Base Station WSN. 

 Single-hop and Multi-hop WSN. 

 Self – Reconfigurable and Non – Self – Configurable WSN. 

 Homogeneous and Heterogeneous WSN. 

 WSNs can be divided into proactive and reactive networks based on their 

objectives.  

 Scalability; WSNs include a large number of SNs deploying over a wide area 

and they need to scalable algorithms.   

 SN sends data from many-to-one. Send data from multiple sources SNs to BS.     
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2.2.4 WSN Types and Applications 

 

            WSNs are used to track, monitor and other practical applications. These 

applications include fire prevention, meteorology, earthquake detection, flood, 

monitoring, and pollution. In all these applications, the sensors are installed over an 

extensive geographical area and may be in difficult-accessible locations. These 

networks can be applied in domains like health, agriculture, smart cities, and 

industry [44]. The major applications of WSNs are categorized below in Figure 2.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A WSN can be classified into several types of SNs based on the people, applications, 

and environment requirements.  These types include WSNs terrestrial, WSNs 

underwater, WSNs underground, WSNs multimedia, and WSNs mobility. The 

following most common types of WSN are defined below [45]. As shown in Figure 

2.4. 

 

 Terrestrial WSNs: In this type, SNs deployed above the ground can be 

connected with the BS directly and placed either in the structured or 

unstructured methods. 

 Underground WSNs: In this type, SNs can be deployed underground and they 

are more expensive when compared with terrestrial WSNs.   

Figure12.3: WSNs 1Applications [44] 
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 Underwater WSNs: they are deploying 1under the water and the main task for 

this type of SNs is collecting data underwater. 

 Multimedia WSNs: In this type, SNs are designed to 1monitor multimedia 

actions such as images, audio, and video.  

 Mobile WSN: In this type, SNs have the capability to move from the current 

place to provide better coverage or energy efficiency.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.5 Challenges of WSNs  

          The Energy wastage for SNs is a key issue through WSN design. So, 

determining resources of the energy wastage is significant, and trying to stop these 

resources is the main goal in order to reduce the energy 1consumption of SNs and 

prolong the life of the network. Network lifetime is the most important 1metrics to 

evaluate the performance of WSNs.  

WSNs challenges during the design and deployment of WSNs are related to be 

communication and routing protocols used in WSNs. These challenges can have 

summarized as follows: Limited Battery Power, Noisy Channels, Interference and 

Quality of Service (QoS) [46].  In WSNs, most of the energy is consumed in the 

processing, transmitting or receiving of data to fulfill the requirements of the 

application. It is obvious that reducing data transmissions will save the energy of 

these constrained devices. In regard to communication, a number of studies have 

Figure 2.4 Types of WSNs 
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found that a great amount of energy is dissipated in ways that make no useful 

contribution to the application, such as [47]. Lists some sources of energy wastage: 

1. Collision: happens when two or more 1packets arrived to a SN at the same time.   

This case causes a need more of energy. 

2. Overhearing when the density is high which causes a load traffic. This case need 

more energy. 

3. Distance between SNs means the distance between the source SN and destination 

SN. This case determines the communication which can be multi-hop or single-

hop. The single-hop consumes more energy in large size networks. Multi-hop 

helps in reducing the transmission distance which resulted in reducing energy. 

Most of the studies show that multi-hop communication is the best way to reduce 

the transmission distance between nodes.  

4. Non-clustering transmission or direct transmission from each sensor to BS cause 

more energy consumption. 

2.3 Energy Consumption in WSNs  

          

         Energy is a big challenge for WSNs and developing an energy-efficient routing 

protocol is a key task. Routing is a way of choosing a path between source and 

destination in order to send data [48] Critical problem is to find power efficient route 

between source and destination nodes. Moreover, if nodes can adjust their 

transmission power, then the power metric will depend on the distance between 

nodes [49]. In large networks, data may not reach the BS in a single hop, so, the need 

to route via multiple hops. An optimized choice of such a routing path is known 

significantly increases the performance of networks. Routing is the process of 

selecting paths in a network along which to send network traffic is a key building 

block in a protocol stack [50].  

         Energy consumption is an essential design issue for routing, and power 

management dissemination protocols have been specifically designed for WSNs. 

Energy consumption is one of the major challenges with WSNs and the largest 

amount of energy is used for communication. So; the best way to reduce energy 

consumption is to reduce the number of packets communicated between the sensor 

and sink node.  
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             The most common definition of energy consumption is the total energy 

consumed within the transmission, reception, and data aggregation processes. The 

power metric will depend on the distance between nodes, and in large networks, data 

may not reach the BS in a single hop, and requires a route through multiple hops. 

The prime role of the routing protocol is to establish a route between source and BS 

and enable effective transmission of data along the selected route [51].  

2.3.1 WSNs Design and 1challenges  

        There are many challenges for WSN designs based on WSN constraints. WSNs 

suffer from the limitations of several network resources, for example, energy, 

bandwidth, central processing unit, and storage, and the design challenges in sensor 

networks. And they involve the following main aspects [52]: 

Limited energy: SNs are limited energy due to battery-powered and energy 

consider a big challenge for designers of the network in hard environments, such as 

a battlefield, where it is impossible to access the sensors and recharge their batteries. 

Thus, routing protocols designed for sensors should be as energy efficient as possible 

to prolong the network lifetime and ensure good performance. 
Node Deployment: SN deployment in WSNs is application dependent and can be 

either manual or random which affects the performance of the routing protocol. In 

most applications, SNs can be scattered randomly in an intended area and may cause 

an unbalanced distribution. So, optimal CH selection and optimal cluster formation 

become necessary to allow connectivity and enable energy-efficient network 

operation.  
Power consumption: this issue changes the lifetime nodes directly. In WSN, sensor 

nodes are battery-powered and often it is not possible to recharge or change batteries.  

Efficient energy protocols decrease energy consumption and this leads to an increase 

in the network lifetime. 

Sensor locations: This challenge faces the routing protocols design by managing 

the location of the SNs. Most of the proposed protocols are based on a global 

positioning system (GPS). 

Data Aggregation: same packets come from multiple SNs and this cause create 

redundant data. The aggregate process is done to extract useful information and 

reduce the number of transmissions. This technique has been used to achieve energy 

efficiency and data transfer optimization in a number of routing protocols.  
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Coverage and Connectivity: this means the ability of applications to link with 

people, the cloud, or with the sensors, and necessary a suitable topology is to cover 

all the areas of the network.     

Scalability: Routing protocols should be able to scale with the network size. The 

performance of the WSN will be degraded with a large number of nodes and 

network size must be not affecting the performance of the network.  

Throughput: sensor node transfers data to the BS. Throughput is the successful 

transmission of data packets to/from a specific node with a time.  

Security: is an important issue of WSN. Data can be accessed by unauthorized 

parties and preventing it is an important issue for WSN.  

 

2.3.2 Types of Data Transmissions in WSNs 

      There are three methods of how WSNs send data to BS using the routing 

protocols [53-54]: 

1. Direct Communication (DC): the SNs can send the data directly to the BS (called 

a simple protocol).  

2. Minimum Transmission Energy (MTE) Protocol: the node acts as a router for the 

other nodes because the nodes send data to the BS through intermediate nodes.  
3.  Clustering protocols: the nodes are grouped as clusters and send the data from 

SNs to their own CH, then CH sends the data collected and processed to the BS.    
 

Data routing-based network organization also can be categorized into three types as 

shown in Figure 2.5 [56-57]:  

 Flat routing protocol: all the SNs are working together based on the same role. 

This type is not preferred or not used a lot in large-scale networks.  

 Hierarchal routing protocols: aim to group the SNs into clusters.  

 Location-based protocols: The SNs are addressed based on their locations. 

 

  

 

 

 

 

 

 

Routing protocols depending 

on Network Structure  

Flat Routing Protocols Hierarchical Routing Protocols Located-based Routing 

Protocols 

Figure2.5: Routing-based on network organization [58] 
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Flat routing protocol: all the nodes are working together based on the same role. 

This type is not preferred or not used a lot in large-scale networks. A flat routing 

protocol is a network communication protocol implemented by routers. It is 

distributing information about routing that are connected to each other without any 

organization. and if any node needs to transmit data, it first searches for a correct 

route to the BS and then transmits the data. 

Hierarchal routing protocols: Hierarchical protocols aim at clustering the nodes so 

that CHs can aggregate and reduce data in order to save energy and all the nodes 

work together but in different scenarios by distributing these nodes into groups 

called cluster heads and each set executing its own tasks. This will provide many 

useful and supported features to the network such as scalability, energy efficiency, 

and increased network lifetime [59].  

Location-based protocols: In this type of routing, sensor nodes are addressed 

according to their locations. Location-based protocols use position information to 

send the data to the wanted areas. The location of nodes may be obtained from a 

satellite if nodes are equipped with GPS. 

Figure 2.6 represents the comparison between hierarchical based routing protocols 

and flat based routing protocols. 

 

 

 

 

 

 

 

 

 

 

 

Figure2.6: Flat based and hierarchical based protocols [60] 
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2.3.3 Hierarchal Routing Protocols 

            Hierarchical Routing is the method of routing in networks that divide the 

network into multiple clusters, as shown in Figure 2.7. Every cluster has one CH 

and many SNs and Each SN gathers information and forwards it to its CH [61]. 

Then CHs perform aggregation on the collected information and forward 

aggregated data to the next hop or BS.  Clustering in WSNs is still suffering from 

un-efficient energy management. One of the most well-known distributed clustering 

algorithms is Low Energy Adaptive Clustering (LEACH) for sensor networks [14]. 

 

 

 

 

 

 

 

 

               

 

                 Most routing protocols based on clustering work into two steps are setup 

step and a steady-state step [63]. In the setup step; the network is divided into many 

areas called clusters and electing a CH for each cluster. In the steady-state step, the 

member nodes of every cluster send their sensed data to their own CH in order to 

assign a time division multiple access (TDMA) slot and CHs collect data from 

member nodes, aggregate it, and send it to BS [64].  They work according to two 

operations: CH selection, and cluster formation.  

              Clustering in WSNs has some characteristics including the size of the 

cluster, the number of clusters, intra-cluster, and inter-cluster communication listed 

the following [10], [65]:  

Cluster count:  means the number of clusters established in WSN, which may be 

predefined or variable that may be subject to application requirements, and it may 

Figure 2.7 Clustering in WSN [62]   

https://www.geeksforgeeks.org/network-protocols/
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be a fixed amount of clusters. The numbers of clusters are changeable when the CHs 

are randomly selected.  

Cluster size: In WSN, Cluster size can be different. Many of them can be equal or 

unequal. In equal cluster size, network area is separated into equal size clusters and 

in unequal clustering, cluster size can define by the distance of BS and can also 

depend on other parameters [40].  

Intra-cluster topology: Some clustering schemes are based on direct 

communication between a sensor and its CH. However, multi-hop sensor-to-CH 

connectivity is sometimes required. The whole communication between member 

nodes and CH of a cluster is recognized as Intra-cluster communication. It may be 

direct or multi-hop.  

Inter-CH connectivity: When the CH does not have communication capabilities, 

CHs connectivity to the BS has to be provisioned. In that case, the clustering scheme 

has to ensure the feasibility of establishing an inter-CH route from every CH to the 

BS. 

         All of the clustering algorithms of WSNs can be classified into either 

Distributed or Centralized Clustering algorithm types [66-67].  Distributed 

clustering algorithms can be used for location-unaware sensors. These sensors are 

not aware of their network position and all of their routing decisions have to be made 

based on their internal information. For example, Low Energy Adaptive Clustering 

Hierarchy (LEACH), Power-Efficient Gathering Sensor Information Systems 

(PEGASIS), Threshold sensitive Energy Efficient Sensor Network (TEEN), Self-

Organizing Protocol (SOP), and Stable Election Protocol (SEP). 

         Centralized clustering algorithms can be used for location-aware sensors. That 

is, sensors that are aware of their network position and all of whose routing decisions 

can be made in central locations such as the BS.  For example, Centralized LEACH 

(LEACH-C) [15], Base Station Controlled Dynamic Clustering Protocol (BCDCP), 

Power Efficient and Adaptive Clustering Hierarchy (PEACH), and Optimized 

Lifetime Enhancement (OLE).    
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2.4 Cluster Head Selection Techniques  

            Selecting CHs process has an influential impact on the efficiency of the 

clustering algorithm and the network lifetime. Optimal CH selection can 

dramatically decrease energy consumption. The most important ways of CH 

selection are randomly or deterministically [68]. Optimal CH selection can 

dramatically decrease energy consumption. The most important challenges of the 

CH selection process include; CH selection process can be centralized by the BS; 

The CH selection can be done randomly or deterministically. Higher energy 

parameters may have a role in the CH selection.  The distance parameter may also 

have a role in the CH selection. The size of clusters or the number of neighbors may 

affect the CH selection. Un-uniform distribution of the CH leads to more energy 

consumption.  

Cluster formation SNs faced many challenges in clustering algorithms should take 

into account including; Cluster count, Intra-cluster communications; and Inter-

cluster communications [69].    

2.4.1 Probabilistic Cluster Head Selection 

         There are two methods to select CHs probabilistically selects CH randomly 

and Hybrid algorithms [70].  

2.4.1.1 CH Selection Randomly Methods 

 Select CH without any centralized control nodes that can make decisions.  For 

example, LEACH Protocol. The LEACH protocol is a classical protocol. LEACH is 

a popular energy-efficient adaptive clustering algorithm that forms node clusters 

based on the received signal strength and considers the first cluster-based 

hierarchical routing protocol proposed by [14].  And LEACH assumes:  

 Equal residual energy from the sensor when starting the network.  

 The life of the network is then divided into rounds and each round consists of 

two phases: a set-up phase and a steady phase.  

 The BS is fixed and is located far from the sensors. 

 All nodes can communicate with the BS directly.   

 All the nodes can send sensed data to their own CH.  

 CH aggregates the sensed data to the BS.   

The main aim of LEACH protocol is to improve the lifespan of wireless sensor 

networks by reducing the energy consumption essential to create and maintain CHs. 
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The procedure of LEACH protocol consists of several rounds with two phases: The 

Set-up Phase and the Steady Phase. In the setup phase do the following tasks [71]: 

CH selection: Every node takes participates in the cluster election procedure by 

generating a random value between 0 and 1 and every round begins with a CH 

selection each node in the network decides whether to become the CH for the current 

round or not. Depending on the required percentage of cluster heads for the network 

and the number of times the node has been a CH. For any node n, the threshold 

equation for CH selection. If the value of a random number is less than a threshold 

value, the nodes are selected as CH. The calculation of the value threshold T(n) value 

is as follows [14]:   

T(n)=  
𝑷

𝟏−𝑷(𝒓𝒎𝒐𝒅
𝟏

𝒑
)
          if n Ꞓ G                              (2.1)  

T(n)= 0, otherwise 

 

P=Nodes percentage that becomes CH. 

r = the round figure. 

G = nodes that do not participate in the selection procedure in the last round 

of 1/p.  

Cluster Formation: CH sends a message to all nodes and depending on strength of 

the received message other nodes are decided to participate in the closed CH by 

sending a joining request to that CH. Now, as per the threshold equation, a new 

advertised message has been generated. CH starts to rotate again in each round in 

order to regularly allocate energy weighted in the sensor nodes. Based on the signal 

strength, the nodes decide which cluster to join. 

In Steady Phase; Transmission Schedule Creation: After the formation of the 

cluster; a TDMA schedule is created based on the number of nodes in the cluster, 

the CH allots different time slots for each node to transmit by adopting the basic 

TDMA scheduling and permitted nodes can go to the sleep mode [72].  

 

2.4.1.2 Hybrid CH Selection Methods 

            The second method applied hybrid CH selection randomly. For example, 

modified on the threshold T(n) equation, the CH is elected using a modified equation 

is given as in [14]. It focuses on an efficient CH election scheme that rotates the CH 

position among the nodes with higher energy levels as compared to others. The 
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algorithm goal is to select the CH such as the initial energy and remaining energy.   

The modification is done in the classical LEACH algorithm. With the completion of 

each round, the residual energy of the non-CH nodes is checked, and the one with 

the higher energy level in comparison to others has a higher probability of CH 

selection for the current round. There are several studies focused on the modified 

basic equation (threshold T(n)) for LEACH protocol. For example, [73], Distance-

Based Energy Aware -LEACH (DBEA-LEACH) is Based on distance and 

Deterministic CH Selection energy. DBEA-LEACH, in order to select the 

appropriate CH nodes in the CH nodes selection phase, the DBEA-LEACH 

algorithm takes important factors such as the position of the sensor node relative to 

the BS and the amount of residual energy of each sensor node. Similar to DB-

LEACH, DBEA-LEACH establishes a new threshold based on distance as show 

equation 2. 2.  

𝑇(𝑛) = { 𝐶 ∗  
⌊𝑑𝑡𝑜 𝐵𝑆 𝑎𝑣𝑔 − 𝑑(𝑖,𝐵𝑆)⌋

𝑑𝑡𝑜 𝐵𝑆 𝑎𝑣𝑔
∗  

𝐸𝑖

𝐸𝑖𝑛𝑖𝑡
, 𝑖𝑓 𝑛𝑒𝐺        (2.2)    

Here, Ei is the residual energy of candidate node i at the current round. Einital denotes 

the initial energy of the node before the transmission.  

Equation (2.2) shows that the threshold value depends on the geographical distance 

between the SN and the BS and the residual energy of the candidate node. In 

addition, it introduces the current energy and initial energy of the node to CH 

election probability so as to ensure these nodes with higher remaining energy have 

a greater probability to become CHs than that with low remaining energy. The CH 

node selection directly affects the performance factors of WSN such as load 

distribution, energy efficiency, and network lifetime. Figure 2.8 shows the main 

steps of DBEA-LEACH. 
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In [74] modified the probability for the selection of CH based on the residual energy 

of each node. And [75] introduced an algorithm to improve the lifetime of the 

network by on the threshold T(n) equation for selecting CH and Secondary Cluster 

Head (SCH) of each round. The SCH becomes a CH at the same time as the death 

of the previous CH. Also, it modified the threshold T(n) equation to select CH by 

[17] proposed I-LEACH to select CH based on higher residual energy and SN with 

high energy has more chance to be selected as a CH node.  

2.4.2 Deterministic Cluster Head Selection 

Deterministic approaches use standard metrics for selecting CHs such as residual 

energy, node degree, expected residual energy, distance to BS, node centrality, etc. 

The deterministic approach is further divided into three types: Weight based and 

heuristic-based clustering algorithms. 

 

 

  

 

Select Max Node Energy 

Equation 

Monitoring Energy 

Start 

Initialize 

BS Tracking 

CH Selection 

Cluster Formation 

Start Data 

New CH Assigned max (En) 

Energy level  

Figure 2.8:   DBEA-LEACH protocol [73] 
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2.4.2.1 Weight-Based Methods 

      A weight is calculated at each node based on some metrics such as residual 

energy, node degree, distance to BS, etc. The node with the maximum weight is 

elected as CH. For example, Weighted Low Energy Adaptive Clustering Hierarchy 

Aggregation (W-LEACH) selects CH based on the equation by equation (2.3) [20]: 

𝑊𝑖 =  {𝑑𝑖 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
𝑒𝑖 ∗ 𝑑𝑖   𝑖𝑓 𝑑𝑖 ≥ 𝑑𝑡ℎ             (2.3) 

Where 𝑑𝑖 = (1 + number of alive sensors in range 𝑟)/𝑛 is the density of the sensor 

𝑠𝑖, 𝑟 is the range that is reachable by sensor 𝑠𝑖, 𝑒𝑖 is the remaining energy in sensor 

𝑠𝑖, and 𝑑 is a density threshold to define the set of sensors in very low-density areas. 

A weight is calculated at each node based on some metrics such as residual energy, 

node degree, distance to BS, etc. The node with the maximum weight is elected as a 

cluster head. For example, [76] The proposed methodology is based on the idea of 

multi-hop network for the accomplishment of reduction in energy consumption 

while implementing communication on long-distance routes. In the proposed 

network a gateway node is aligned between the CH and BS. The purpose behind 

using a gateway node is to reduce energy consumption in comparison to previously 

use single-hop protocols. Gateway node purposefully reduces the distance between 

cluster heads and main station. Hence by reducing the distance for the 

communication leads to the reduction in the amount of energy consumption which 

directly increases or enhances the lifetime and performance of the network. 

2.4.2.2 Heuristic-Based Methods  

          Recently, heuristic-based clustering algorithm is being used in many 

optimization algorithms [77] such as Ant Colony Optimization (ACO), Artificial Bee 

Colony Optimization (ABC), PSO, etc., are used in WSN. In [78] PSO-based 

algorithm is proposed to find the optimal CH selection in the network when all SNs 

transmit information like residual energy and their location to the BS in each cluster 

for each round using parameters like residual energy, intra-cluster distance, and inter-

cluster distance of the sensor node. The proposed algorithm is split into two stages: 

Optimal CH selection using the PSO algorithm and cluster formation. [79] introduces 

an energy-efficient, clustering routing protocol called the PSOLB-EGT protocol. 

This protocol combines improved PSO and EGT) algorithms to establish clusters and 
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select CHs.  [80] Developing a hybrid clustering algorithm: use the K-Means to 

cluster formation and use PSO and GA separately to select the best CHs.   
2.4.3 LEACH Limitations and Versions  

The main advantages of the LEACH protocol are [14] clustering idea makes 

communication very less between the member nodes and the BS and applied single- 

hop communication and multi-hop communication to efficiently deliver data from 

CH and BS. But, the disadvantages of LEACH protocol include that more energy is 

required when the CH is far away from the BS node to transmit data from CH to BS. 

Another disadvantage is a single- hop communication will need more energy 

dissipation. And choosing the CH randomly also will cause more energy 

consumption. The following summary of the disadvantages of LEACH [81]: 

1. Select CH randomly based on the threshold equation. 

2. The nodes at the edge of the network will be elected as CH. 

3. No consideration of the remaining energy of each node after the end of each round. 

4. Distribution of the CH is not uniform and the CHs are distributed randomly, near 

or far from the BS.  

5. The randomly situated CH may lead to more energy consumption based on the 

distance between the CH and BS. 

6. No consideration of consumption of the energy and the possibility of selecting a 

CH is equal to all the nodes.  

Therefore, several studies tried to improve LEACH routing protocol. Figure 2.19 

shows the main fields for enhancements of LEACH algorithms.     
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Figure 2.10 Enhancement LEACH Protocols [82] 
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2.5 Sensors Deployment in WSNs 

            

                 The sensor’ places are affecting the network coverage, connectivity, and 

reliability as well as other network performance metrics such as energy 

consumption, throughput, and delay. The major necessary stage in designing any 

new WSN is affected by SNs deployment. The location of the sensors has a large 

impact on the WSN and its operation effectiveness. The Sensor’s location (position 

or coordinates) is the most required factor in planning to build or design a new WSN.   

The performance of a WSNs are effected by the deployment process the SNs. The 

sensor deployment strategies are classified according to the sensor’s roles, the 

network optimization objectives in deployment, and the methodology of 

deployment. The deployment and positioning of SNs in WSN is used in defining the 

number, the position of the SNs, and the topology of the network [84]. Deployment 

is a planned or random approach to distributing sensors within an interesting 

environment [83]. There are two types of deployment in WSNs: deterministic and 

random deployment techniques as shown in figure 2.10.   

 

 

 

 

 

Figure 2.10 Deployment technique types [84] 

Random Deployment Deterministic Deployment 
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The main challenges here are to minimize the number of deployed sensors and 

suitable the connectivity and coverage of the observing zone. In the first step in this 

thesis system, the deployment techniques are studied in order to select a suitable one 

for the WSN environment which gives better network performance.  

 

 2.5.1 Deterministic Deployment Techniques 

         

          A deterministic deployment is how many are required and where the sensors 

are placed and the placing of the sensors can be applied via controlling deployment. 

Most of the important WSN optimization techniques are to place the sensors in a 

deterministic manner to meet the required performance aims.  In such case, the 

sensors’ places can be indicated previously [85]. This process represents a careful 

planning process for the deployment of the sensors. So, the observed area coverage 

can be certified through the regular sensor distribution, densities, and network 

topology. In the deterministic deployment, the exact locations of the sensors are 

determined in order to monitor the area of interest. In this deployment, the SNs are 

set at exact positions one by one based on the communication range of the nodes. 

The locations are selected to decrease the number of nodes necessary to succeed the 

main deployment objectives. The deterministic deployment of sensor nodes can be 

achieved based on the area of interest [86].  

           In deterministic deployment, the SNs are deployed by humans and they 

arrange at 1exact 1positions according to the communication range of the SNs and SNs 

distribute into patterns such as square, triangle, and hexagon. Deterministic 

deployments are wanted when SN is expensive and also when the location of SNs is 

affected by the operation [87-88].  A deterministic deployment is how many are 

required and where the sensors are placed and the placing of the sensors can be 

applied via controlling deployment. This process represents a careful planning 

process for the deployment of the sensors. 
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There are several assumptions when building the deterministic deployment model in 

the square deployment technique [89-90]; 

 Similar sensor types are deployed in a square area.  

 Calculate the optimum number of required sensors to cover the area as a grid. 

 Indicate the optimum sensors positioned at the interested area.  

 Define the required coverage and connectivity to reduce the total cost. 

 The Square Deployment Technique requires as few sensors as possible.   

Show algorithm 2.1 where L is the length of square area, Rs is sensing range of 

sensors, POS is the position of sensor. 

 

Input: L (length of Square area), Rs (sensing range of sensors). 

Output: Array containing position of sensor (POS). 

Begin { 

1. Calculate the initial coordinates (x,y) for the first sensor 

2. Put sensor in (x,y)  

3. Store (x,y) in the array POS 

4. Calculate dis (distance between sensor and its neighbor  (   

5. Do{ 

6.      y ← y + dis 

7.      Do{ 

8.      x ← x + dis 

9.      put sensor in (x,y) 

10.      store (x,y) in POS 

11.   }While x don’t reach the boarder 

12.   x ← x (calculated in step 1) 

13. }While y don’t reach the boarder  

14.  Return POS 

15.  } // End Algorithm. 

Algorithm (2.1) Square Deployment 
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2.5.2 Random Deployment Techniques 

 

             Randomly deploying the sensors via air is necessary because difficult 

locations with a number of sensors cannot be prearranged when the size of the 

network is great. In most WSNs applications sensors are deployed in a random 

manner. Such randomness deployment produces less control on the network with no 

coverage guarantee and may achieve a weakly connected network topology. SNs 

deployment in Random means setting positions of WSN randomly in the area of 

interest. This method is fast and suitable for distributing with a large number of SNs 

to complete the network goal. In some applications, random deployment represents 

a unique choice as a strategy. In random deployment, SNs are randomly distributed 

in a certain due to human reaching difficulties [91]. In big areas, the suitable 

deployment is a Random as a cost and time. a larger number of nodes to achieve the 

same deployment goal and sometimes it is the only feasible strategy when 

considering an application scenario.  random deployment is the only option in some 

applications of WSN especially due to environments with difficult access in special 

applications such as harsh environments, disaster region or certain battlefield. 

Random deployment is easy and fast but, does not guarantee a similar scattering and 

for this reason, random deployment is often used and the power consumption, 

connectivity, and quality monitoring are also affected directly by the deployment 

process or network topology [92]. 

 

An important factor in WSNs is deploying the smallest number of SNs that save 

complete coverage and connectivity. The coverage in the node deployment in 

WSNs, it is very important and the performance of the WSN is based on the network 

coverage and improves the network performance. The challenge of SNs deployment 

is to decrease the number of deployed SNs and maximize the connectivity and 

coverage of the observing area.  To design any new WSN the deployment of the 

sensor in the first step in this study system, select a suitable way for the interest of 

area. 
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2.6 Clustering Techniques  

Data mining refers to the process of retrieving data by discovering novel and relative 

patterns from a large database. Clustering is a distinct phase in data mining that work 

to provide an established, proven structure from a collection of databases. A good 

clustering approach should be efficient and detect clusters of arbitrary shapes [93]. 

Classification and clustering are techniques used in data mining to analyze collected 

data. Classification is used to label data, while clustering is used to group similar 

data instances together [94]. The difference between the classification and clustering 

are shown in Table 2.1. 

 

N0 Classification Clustering 

1 The number of classes is known. The number of classes is unknown 

2 Train data is required. No Train data is required. 

3 Popular algorithms include Naïve 

Bayes classifier, Decision Trees. 

Popular algorithms include K-Means, 

Density-Based Spatial. 

             Clustering is a division of data into groups of similar objects and each group 

is called a cluster which consists of items that are related between themselves and 

unlike compared to items of other groups. Clustering is one of the most popular 

techniques for WSN topology management by organizing SNs into a set of groups 

based on a set of pre-defined criteria.  SNs are structured into clusters and each 

cluster must have a CH; the rest of the SNs become cluster members. Numerous 

advantages of cluster-based WSN are energy efficiency, better network 

communication, efficient topology management, minimized delay, improved 

network scalability, and avoid redundant data among SNs [94-95]. Clustering 

includes models for clustering such as distribution models, density models, 

hierarchical clustering models, Spectral clustering models, and centroid models, as 

shown in Figure 2.11.  

Distribution models are based on how probable all data points in the cluster belong 

to the same distribution, for example, the Gaussian Mixture Model (GMM) which 

uses a probabilistic assignment of data points to clusters. A density model which is 

searching the data space for areas of the varied density of data points in the data 

Table 2.1 difference between classification and clustering techniques 
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space and it separates various density regions and assigns the data points within these 

regions in the same cluster such as the DBSCAN algorithm. Hierarchical clustering 

is also a method of cluster analysis that seeks to build a hierarchy of clusters without 

having a fixed number of clusters. Hierarchical clustering is a set of nested clusters 

that are arranged as a tree. In spectral clustering, data points as nodes of a connected 

graph and clusters are found by partitioning this graph, based on its spectral 

decomposition, into subgraphs. While centroid models are iterative clustering 

algorithms work based on the similarity derived by the closeness of a data point to 

the centroid of the clusters.  For example, K-Mean which is run iteratively to find 

the local optima and needs a number of clusters [96-98].  

 

 

 

 

 

 

 

 

 

2.6.1 DBSCAN Clustering Algorithm 

 

This section gives some ideas for the Density-Based Spatial Clustering of 

Applications with Noise (DBSCAN) algorithm and it can determine clusters of 

different shapes and sizes of large amounts. The DBSCAN algorithm uses two 

parameters: a. minimum Points (P) are the mean minimum number of points (a 

threshold) collected together for the area considered dense. b. neighborhood radius 

(𝜖-neighborhood) is mean a distance measure that will be used to locate the points 

in the neighborhood of any point. Density Based Clustering is a well-known density 

based clustering algorithm which having advantages for finding out the clusters of 

Figure 2.11 Common Clustering Techniques [97] 
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different shapes and size from a large amount of data, which containing noise and 

outliers [93].  

             DBSCAN requires two parameters: (eps) and the minimum number of 

points required to form a cluster (minPts). It starts with an arbitrary starting point 

that has not been visited. This point's 𝜖-neighborhoods is retrieved, and if it contains 

sufficiently many points, a cluster is started. Otherwise, the point is labeled as noise. 

Note that this point might later be found in a sufficiently sized -environment of a 

different point and hence be made part of a cluster. 

If a point is found to be a dense part of a cluster, its -neighborhood is also part of 

that cluster. Hence, all points that are found within the -neighborhood are added, as 

is their own -neighborhood when they are also dense. This process continues until 

the density-connected cluster is completely found. Then, a new unvisited point is 

retrieved and processed, leading to the discovery of a further cluster or noise [93]. 

The 𝜖-neighborhood of p is the set of points at a distance 𝜖 or less from p. A core 

point is one whose 𝜖-neighborhood has an overall weight of at least μ. A density 

area is the union of the 𝜖-neighborhoods of core points. A point q is directly 

reachable from p if q is in the 𝜖-neighborhood of p.   

Density-based clustering algorithms, which are designed to discover clusters of 

arbitrary shape in databases with noise, a cluster is defined as a high-density region 

partitioned by low-density regions in data space. Density Based Spatial Clustering 

of Applications with Noise (DBSCAN) is a typical density-based clustering 

algorithm. DBSCAN can discover clusters of arbitrary shape. But it is sensitive to 

the input parameters, especially when the density of data is non-uniform [99]. 

There are some drawbacks of the DBSCAN algorithm including [100]: 

1. DBSCAN fails to cluster the data points with different densities 

because the clustering is based on ϵ and minimum Points parameters, 

and they cannot be selected for all clusters separately.  

2. DBSCAN required well-understood data and features in order to set 

minimum Points and ϵ.   

There are three types of points; core, border, and noise.  A core is a point that has at 

least m points within distance n from itself. A border is a point that has at least one 

core point at a distance n. Noise is a point that is neither a Core nor a Border.  
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Algorithm 2.2 presents the main steps of the DBSCAN algorithm where 𝜖 (eps) is 

the neighborhood radius which mean a distance measure that will be used to locate 

the points in the neighborhood of any point. (minPts) is a minimum number of points 

(a threshold) collected together for the area considered dense [101]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.6.2 GMM Clustering Algorithm 

          Gaussian Mixture Model (GMM) is a model as it is a probability distribution 

and also called Expectation-Maximization (EM) Clustering. GMM is used for 

representing Normally. A Gaussian distribution is a type of distribution where 

half of the data falls on the left and the rest half falls on the right. The formula 

for Gaussian distribution using the mean and the standard deviation called 

the Probability Density Function used by [102-103]. 

EM algorithm, which consists of two steps that repeat until convergence following 

parameter initialization:  

1. Expectation: given the current estimate of parameters, calculate the expected 

value of the log-likelihood of the data samples to assign each sample to a component 

of the GMM. 

2. Maximization: given the expected log-likelihood values and cluster assignments, 

update the parameters to maximize the complete-data log-likelihood, giving them 

the value that maximizes the likelihood that the data has the expected labels. 

Algorithm (2.2): DBSCAN Clustering 

Input 

 Input data to be clustering, the  neighborhood radius ( 𝜖 ), minimum points ( minPts ) 
Output1  

 Clusters  

Process 

1. Randomly select a point P 

2. Retrieve all points density-reachable from P based on    𝜖,  minPts 

 3. If  P is a core point, a cluster is formed. 
4. If P is a border point, no points are density-reachable from P, DBSCAN 

selects the next point randomly.   

5. Continue the procedure until all points have been processed.   

End. 

https://www.mygreatlearning.com/blog/understanding-probability-distribution/
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The main steps of the GMM algorithm are: 

1. Similar to the K-means cluster, you need to select the number of clusters 

and randomly initialize the Gaussian distribution parameters for each one 

of them. 

2. Calculate the probability of each data point belonging to a particular 

cluster. The closer the point is to the Gaussian’s center, the better the 

chances of it belonging to the cluster.  
3. Based on these calculations, need to determine a new set of parameters for 

the Gaussian distributions to maximize the probabilities of data points 

within the clusters. And use a weighted sum of points positions to compute 

these probabilities. The points belonging to the particular cluster is the 

weight factor. 

4. Repeat steps 2 and 3 until the entire points are completely clustering. 

 

2.6.3 Hierarchical Clustering Algorithm 

 

                    Hierarchical clustering is a method of cluster analysis that seeks to build a 

hierarchy of clusters without having a fixed number of clusters as shown in the 

algorithm (2.3).  This method follows two approaches based on the direction of 

progress, i.e., whether it is the top-down or bottom-up flow of creating clusters [103].  

These two approaches are Divisive and Agglomerative Approaches [104].  

1. Divisive: This is a top-down approach, where it initially considers the entire data 

as one group, and then iteratively splits the data into subgroups. If the number of a 

hierarchical clustering algorithm is known, then the process of division stops once 

the number of clusters is achieved. Else, the process stops when the data can be no 

more split, which means the subgroup obtained from the current iteration is the same 

as the one obtained from the previous iteration (one can also consider that the 

division stops when each data point is a cluster. 

2. Agglomerative: It is a bottom-up approach that relies on the merging of clusters. 

Initially, the data is split into m singleton clusters (where the value of m is the 

number of samples/data points). Two clusters are merged into one iteratively thus 

reducing the number of clusters in every iteration. This process of merging clusters 

stops when all clusters have been merged into one or the number of desired clusters 

https://www.geeksforgeeks.org/ml-hierarchical-clustering-agglomerative-and-divisive-clustering/
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is achieved. The basic algorithm of Agglomerative is straightforward. Compute the 

proximity matrix, let each data point be a cluster, and repeat: merge the two closest 

clusters until only a single cluster remains [105].  

 

2.6.4 Spectral Clustering Algorithm 

            Algorithm 2.3 Spectral clustering Algorithm [108] is a technique with roots 

in graph theory, where the approach is used to identify communities of nodes in a 

graph based on the edges connecting them and the data points are treated as nodes 

of a graph and data points are represent as nodes of a joined graph. Main steps to 

perform a spectral clustering [106-107]: 

 Create a similarity graph between our N objects to cluster. 

 Compute the first k eigenvectors of its Laplacian matrix to define a feature 

vector for each object. 

 Run k-means on these features to separate objects into k classes. 

 

 

 

 

 

 

Algorithm (2.3):  Spectral  clustering Technique 

Input 

 Given a data set to be clustered. 
Output1  

 Clusters of data set 

Process 

1. Start 

2. Form a distance matrix  

3. Transform the distance matrix into an affinity matrix A 

 
4.  Compute the degree matrix D and the Laplacian Matrix L = D – A. 

 5. Find the eigenvalues and eigenvectors of L. 

 6 With the eigenvectors of k largest eigenvalues computed from the previous step 

form a matrix. 

 7 Normalize the vectors. 

 8 Cluster the sensor nodes in k-dimensional space. 

 End. 

Algorithm (2.3):  Spectral clustering Technique 
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2.6.5 K-Means Algorithm 

 

         K-Means Clustering is considered as an automated machine learning that is 

used in many approaches in data science [109]. The algorithm first selects several 

categories randomly to use them as centroids and configures their center points. k-

means algorithm is based mainly on Euclidian distances and it is calculating the 

distance between points and group centers. K-Means uses squared Euclidean 

distance as the similarity measure for cluster membership by an equation in.  K 

means is an iterative clustering algorithm that aims to find local maxima in each 

iteration by the following 5 steps as shown in figure 2.12 [110-112]: 

1. Specify the desired number of clusters K: Let us choose k=2 for these 5 data 

points in 2-D space. 

2. Randomly assign each data point to a cluster.   

3. Compute cluster centroids.   

4. Re-assign each point to the closest cluster centroid.   

6. Re-compute cluster centroids.  

7. Repeat steps 4 and 5 until no improvements are possible.  
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Figure 2.12 K-means algorithm Steps 
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2.7 Meta-Heuristic Algorithms in WSNs  

           Meta-heuristics is a class of optimizing algorithms to solve difficult 

optimization problems. Common optimization algorithms are 1applied in WSNs 

included: ACO, PSO, GA, ABC, and Firefly Algorithm (FA). A general1 procedure 

for a meta-heuristic algorithm can be defined as follows: Initializing, Evaluating, 

Generating, and Looping [113-118]. 

            
        PSO is the simplest, nature-inspired, computationally efficient metaheuristic 

optimization technique. The main goal of using the PSO is to find out the best 

possible position of the particle which gives the best valuation of the fitness function. 

During each generation, the velocity of every particle is modified based on the 

current velocity, the preceding local best, and the global best position of the particle. 

Updated velocity and position of the particle can be calculated based on these values.  

PSO consists of a swarm of particles of a predefined size (NP). Each particle Pi , 1≤ 

i ≤ NP provides a complete solution to a multidimensional optimization problem. 

The dimension D of all the particles is equal. The particle Pi  has position X id, 1 ≤  

d  ≤  D, and velocity V id  in the dth dimension of the multidimensional space. Let 

the i th particle Pi  of the population be represented by : 

Algorithm (2.5):  K-mean  clustering Technique 

Input Given a data set to be clustered. 
Output1 Clusters of data set 

Process 

1. Start 

2. Specify the desired number of clusters K 

3. Randomly assign each data point to a cluster. 

4. Compute cluster centroids.  

 5. Assign each data point to their closest centroid clusters. 

 6. Re-compute cluster centroid  and place a new centroid of each cluster. 

7. Repeat the steps 1 to 3 to get the new closest centroid of each cluster. 

8. If any reassignment occurs, then go to step-4 else go to End. 

End. 

Algorithm (2.4):  K-means clustering 

Technique 
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𝑃𝑖 = [ 𝑋𝑖,1, 𝑋𝑖,2, 𝑋𝑖,3, … … . . 𝑋𝑖,𝐷]           (2.4) 

A fitness function is used to evaluate each particle to judge its quality for the 

solution to the problem. In order to achieve the global best position, the particle Pi 

follows its own best, i.e., the personal best called Pbesti and the global best called 

Gbest to update its own velocity and position. In implementations of PSO, each 

particle modifies its position using information as: its current position, its current 

velocity, the distance between the current position and best solution individually 

found, and the distance between the current position and the best solution found by 

its neighborhood. Depending on the problem to be solved, a fitness function is used 

to assess the quality of the PSO solution. The PSO equations are given as follows 

[32]: 

vi
new =  vi

old + c1 ∗ rand1( )(p𝑏𝑒𝑠𝑡 − xi) + c2 ∗ rand1( ) ∗ (gbest − Xi)    

xi
new =  xi

old  +  vi
new                             

Where... 

 Vi represent the velocity of particle i in dimension d. 

X i   represent the position of particle i in dimension d. 

C1, c2 are positive constants. 

rand1 and rand2are random numbers.  

pbest is the best position reached so far by the particle. 

gbest is the global best position reached by the neighborhood.  

In each iteration, its velocity Vid   and position Xid  in the dimension D are updated  

using the following equations, respectively. 

  

 

  

 

(2.5) 

(2.6) 
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The update process is iteratively repeated until either an acceptable Gbest is reached 

or a fixed number of iterations, say tmax is reached. 

𝑃𝑏𝑒𝑠𝑡𝑗 =  {
𝑃𝑏𝑒𝑠𝑡𝑗              𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                             

  𝑝
𝑗             𝑖𝑓 ( 𝐹𝑖𝑡𝑛𝑒𝑠𝑠 (𝑝𝑗) < 𝐹𝑖𝑡𝑛𝑒𝑠𝑠 (𝑃𝑏𝑒𝑠𝑡𝑗)

}         (2.7) 

𝑃𝐺𝑏𝑒𝑠𝑡𝑗 =  {
𝐺𝑏𝑒𝑠𝑡𝑗              𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                             

  𝑝
𝑗             𝑖𝑓 ( 𝐹𝑖𝑡𝑛𝑒𝑠𝑠 (𝑝𝑗) < 𝐹𝑖𝑡𝑛𝑒𝑠𝑠 (𝐺𝑏𝑒𝑠𝑡𝑗)

}       (2.8) 

The pseudo-code of the original PSO in algorithm (2.4). 

 

Algorithm (2.4) PSO Algorithm 

 

1. Initialize the population randomly 

2. While (Population Size) 

3.      { 

4. Loop 

5. Calculate fitness 

6. If fitness value is better from the best fitness value (pbest) in history 

then 

7. Update pbest with the new pbest 

8. End loop 

9. Select the particle with the best fitness value from all particles as gbest 

on all the receivin antennas 

10. While maximum iterations  

 

11. { 

12. For each particle 

13. Calculate particle velocity by equation (2.5) 

14. Update particle position according to equation (2.6) 

15.  

16. Next 

17. } 

18. } 

End. 
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The velocity of PSO should not exceed a maximum value, Vmax, to avoid an 

unstable state. The performance of PSO search can suffer if the maximum velocity 

is inappropriately set. If it is too high, the particles can fly past optimal solutions, 

and if it is too low they can get stuck in local minima. Other models of the velocity 

equation. The PSO algorithm is straightforward. First, initialize particles with 

random position and velocity vectors. For each particle: evaluate the fitness and if it 

is better than the best individual fitness then updates it. After that, update the best 

global fitness. Then obtain the new velocity and position for each particle. This 

procedure is repeated for a number of iterations or until convergence is beyond a 

certain limit. 

         The velocity in PSO represent each particle and the previous best location 

saved by the particle memory [118]. This section, present an overview of the PSO 

Algorithm.   PSO combines local and global search methods depends on obtaining a 

number of particles in the search space and communicating with their neighborhood 

to find the best solution. Depending on the problem to be 1solved, a fitness function 

is used to find the quality goal [119] 

 

         The key goal of using the PSO algorithm is to find the best location of a particle 

that provides the best valuation of the fitness function in order to change the velocity 

of each particle based on the current velocity. Then, updates the previous local best 

(pbest) position and global best (gbest) position of the particle. Then updates the 

velocity and position of particles [120].    

           PSO is the best way to find the maximum or minimum of a special function 

on a multidimensional vector space. Each particle has to maintain its position Pbest 

known as the local best position and the gbest known as the global best position among 

all the particles. To improve the performance of PSO, researchers modified the PSO 

in different ways [121]. 

The operation of PSO is better than GA in all three parameters. PSO is best than 

other optimization algorithms. Compared with GA; PSO is easy to implement and 

used few parameters and could find better solutions when compared to GA [122]. 
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2.8 Energy Consumption Model 

In the existing system, the emphasis was mainly on the design, development, 

and implementation of a network algorithm of high energy-efficiency wireless 

sensors that form groups containing nodes driven by energy. There is a wide variety 

of differentiated nodes as homogeneous and heterogeneous sensors capable of 

collecting accurate information in all types of environments, distant or dangerous. 

Basically, these sensor nodes work with a DC source that has a low capacity or can 

be set so that you can't see the replacement of your power source. In general, nodes 

are implemented ad hoc. The energy is required for the transmitter and the receiver.    

In WSNs, most of the energy is dissipated in the process of data transmission. The 

total energy consumption of a network consists of the energy consumed by non-CH, 

intermediate and CH nodes for data aggregation and transmission. Figure 3.13 shows 

the radio energy dissipation model for WSNs. It is a simple model for radio hardware 

energy dissipation, where the transceiver dissipates energy to run the radio 

electronics and the power amplifier [14]. 

 

 

 

 

 

 

    

         

The transmitter utilizes its energy to operate the radio electronics and the amplifier 

and the receiver utilize its energy to operate the radio electronics. SN wastes its 

energy based on the number of bits to be transferred through the distance. If the 

distance d is greater than the threshold distance d0, the energy consumed by SN is 

directly to d4 else energy consumed by SN is directly to d2. The total amount of 

energy exhausted for transmission of the n bits’ data over distance by each SN in the 

network field is given by the following equations.  

Figure 3.13 The wireless communication power model. 
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The energy consumed in the model is given as follows [4]  : 

- To transmit k bits: 

𝐸𝑡𝑥(𝑘, 𝑑) = 𝑘𝐸𝑒𝑙𝑒𝑐𝑡 + 𝑘𝐸𝑓𝑠 × 𝑑2         (𝑖𝑓 𝑑 < 𝑑𝑜)                 (2.11) 

- To receive k bits: 

𝐸𝑟𝑥(𝑘, 𝑑) = 𝑘𝐸𝑒𝑙𝑒𝑐𝑡 + 𝑘𝐸𝑚𝑝 × 𝑑4        (𝑖𝑓 𝑑 ≥ 𝑑𝑜)             (2.12) 

            

Where: Eelect is the energy exhausted to operate the receiver or transmitter; εamp is 

the energy  

Where ε f s and εmp are the free space propagation (d2 power loss) and the multipath 

fading (d4 power loss) channel models, respectively. These values depend on the 

distance between transmitter and receiver, d0 is a threshold value which can be 

calculated by using Equation 3.13 

d0 specifies the threshold transmission distance which is expressed by the 

following equation: 

𝑑𝑜 = 𝑠𝑞𝑟𝑡 (𝐸𝑓𝑠/  𝐸𝑚𝑝 )            (2.13) 

And, energy consumed to receive n bits of data by the receiver circuit is expressed 

by 

Another parameter that is also taken into consideration is the data aggregation 

which is performed by the CH to reduce the total amount of data sent. The data 

aggregation energy expenditure is set as EDA= 5 nJ/bit/message.   

2.9 Performance Metrics for Evaluation 

 

          The quantitative metrics are used to measure and evaluate the performance of 

the simulated routing protocols. Different metrics are used in the simulation phases 

such as energy consumption, total energy consumption, First Dead Nodes (FDN), 

Half Dead Nodes (HDN), Last Dead (LDN), Number of Rounds, and Number of 

SNs. The performance measures that are used to evaluate the process include [123-

127]: 



 An energy saving approach based on a developed optimized technique to prolong WSN lifetime 
 

45 
 

 
Chapter 2 Theoretical background 

1) Network Lifetime: is determined by the time elapsed between FND and LND in 

the network or lifetime is time spent until the death of all wireless sensor nodes in 

WSN. Network lifetime: It is considered as the time until message loss rate is above 

a given threshold. The more complete definition for the lifetime of the network is 

time to network partition [10]. Network partition occurs when there is a cut-set in 

the network. It will be introduced as a new metric, which will use energy variance: 

Network lifetime = E – (U +a)                                                     (2.9) 

where     U= Ʃ Ui / N                                                                    (2.10) 

E is the total initial energy at each node (full battery charge). 

Ui is the average used energy. 

N is the total number of nodes in the network. 

a is expressed as a2 = (Ui – U)2 / N 

2) Energy Consumption: The energy consumption is the sum of used energy of all 

the nodes in the network, where the used energy of a node is the sum of the energy 

used for communication, including transmitting (Etx), receiving (Erx). The total 

energy consumption is equivalent to the total number of packets sent in the network. 

The energy metric is taken as the average energy consumption for the network 

calculated through simulation time.  

Energy consumption of the sensor nodes in the sensing field is classified into three 

types [130]: 

 Non-CH nodes: gather, k-bits of data from the environment and transmit 

them to a next-hop node or direct to the CH node. The energy dispatched by 

a non-CH node (Enon−CH) can be calculated as: 

Enon−CH = ETx(k,di)+EGPS                                                               (2.14) 

 

Where EGPS and di are the power dissipations in the global positioning system 

and distance between non-CH node and its CH node, respectively. 
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 CH nodes: collect and compress the data that comes from the non-CH nodes, 

and then forwards them to the BS. Hence, the total energy consumed by each 

CH node can be calculated using Equation 3.12, where M is the total number 

of sensor nodes that send their packets to the given CH node and di is the 

distance between the CH node and the BS: 

ECH = M(ERx(k)+ETx(k,di))+EGPS                                      (2.15)      

 

 A hop node (intermediate node): consumed its energy while receiving, 

processing and transmitting of packets from other nodes. A hop node 

transmits and receives the information for L number of non-CH nodes. The 

energy consumption by a hop node Ehop can be calculated as: 

Ehop = L(ERx(k)+ETx(k,dhop,CH))+EGPS                              (2.15) 

3) Stability: means time till the First sensor Node Dead. Network Stability is the 

time from the beginning of the network till the death of the first node (FND). 

4) Packets to BS: This indicates the amount of data transmitted from CH, nodes to 

BS. 

5) Throughput Ratio: Rate of data sent over the network. also, it is defined as the 

total number of packets successfully delivered at the BS. Network throughput: The 

end-to-end network throughput measures the number of packets per second received 

at the destination. It is considered here as an external measure of the effectiveness 

of a protocol. 

 6) Network delay: This performance metric is used to measure the average end-to-

end delay of data packet transmission. The end-to-end delay implies the average time 

taken between a packet initially sent by the source, and the time for successfully 

receiving the message at the destination.  It is defined as the average amount of time 

between the start of disseminating data and its arrival at a node interested in 

receiving the data.  

Latency = Propagation Time + Transmission Time + Queuing Time + Processing 

Time  

Where      Propagation time = Distance / Propagation speed 

                Transmission time = Message size / Bandwidth 
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Chapter Three  

Proposed System 

3.1 Introduction    

Sensor nodes are usually configured in a mesh network and send their data to 

the base station (BS) through intermediate nodes and cluster head (CH) nodes. The 

intermediate nodes are responsible for sensing the nearby environment and 

forwarding packets received from other nodes towards the BS. These nodes consume 

most energy during the receiving, processing and forwarding of packets from other 

nodes. Although WSNs are easy to set up, have low costs, and give good results in 

collecting information, they face a major challenge as they depend on the battery as 

the main source of energy. The proposed system helps to save energy and gives a 

longer life to the network.  

This chapter indicates different techniques for deployment and clustering 

techniques. This chapter presents the most common techniques in CH 1 selection1 and 

cluster 1formation. This chapter describes in detail the proposed system; 1. Propose 

a mathematical model to select an optimal number of clusters. 2. Propose a 

mathematical model to divide the interested area. 3. Propose a hybrid algorithm to 

select optimal CH. 4. Develop an optimal technique to cluster formation. 5. Propose 

an optimal approach to avoid selecting CH at Edge. 6. Propose an optimal approach 

to make SNs near BS join BS directly.  

           Due to challenges in the WSN field, and to reduce energy consumption, many 

studies present some recommendations for enhancing the performance of the WSNs 

via different algorithms including; improving sensor deployment techniques, 

improving clustering techniques, reducing energy consumption, improving cluster 

head selection techniques, improves data routing protocols. These challenges must 

be solved in order to achieve maximum energy saving and maximum advantage 

from the network. This study focused on energy consumption and develop a data 

routing protocol with efficient energy.  
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3.2 System Model 

We consider a system composed of a number of sensor nodes that are 

deployed randomly in a large geographic area to monitor and record the physical 

conditions of the environment. These nodes are connected in a mesh network where 

the distances (di, j) between any two nodes are based on Euclidean geometry [128]: 

Dij = √ ((xi – xj) + (yi – yj))
2         i, j = 1,2, 3…N 

Where N is the number of sensor nodes in the system model, and (xi, yi) is the 

location of each node in the given sensing field.  

The sensing field is divided into subgroups using clustering methods, and each group 

has a different number of sensor nodes that connect to the CH node. All nodes have 

the same communication range and initial energy level. Each sensor node collects 

data from the environment and sends it to its CH node with a single hop or via 

intermediate nodes. The CH node then compresses the data and forwards them to the 

BS. The BS is fully powered and placed in the center of the sensing field and acts as 

a gateway between the sensor nodes and the end user. The proposed system work 

based on the following assumptions included SNs are randomly distributed in an 

environment of M*M square area. BS node has unlimited power. BS is located at 

the center of the interest of the area.  Each SN has limited power.  Each SN has a 

unique ID.  Each SN computes its distance to the BS based on the Euclidian distance. 

Information is forward to others by neighbor nodes until they reach the BS. The CHs 

forward the data aggregated to the BS.     

       In the proposed system, the search area was reduced to select CHs using the area 

condition where the area close to the BS and the far area at the edge of the network 

were excluded from the search area. The proposed system reduces the time to search 

for the best node to choose CH and reduces energy expenditure by choosing the 

nodes with the least distance from BS. Also, choosing an ideal CH gives a longer 

life for the CHs and thus a longer life for the network, and this is reflected in the 

improvement of network performance. 
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The proposed System Phases can be shown in figure 3.1: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 Figure 3.1 Flowchart of the Proposed System 
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Before a sensor network is deployed, it is important to determine how many 

sensors are required to achieve a certain level of coverage. The number of sensors 

required for maintaining k-coverage depends on the area of the monitored region, 

the probability that a node fails or powers off (to save energy), and the deployment 

strategy. The sensor’s places are affecting the network coverage, connectivity, and 

reliability as well as other network performance metrics such as energy 

consumption, throughput, and delay. The major necessary stage in designing any 

new WSN is the SNs deployment. It powerfully influences the network performance 

in its effective communication and precise detection. The main challenges here are 

to minimize the number of deployed sensors and suitable the connectivity and 

coverage of the observing zone. In the first step in this thesis system, the deployment 

techniques are studied in order to select a suitable one for the WSN environment 

which gives better network performance.  

A deterministic deployment is how many are required and where the sensors 

are placed and the placing of the sensors can be applied via controlling deployment. 

This process represents a careful planning process for the deployment of the sensors. 

The deterministic deployment of sensor nodes can be achieved based on the area of 

interest see section (2.5.1).  

Randomly deploying the sensors via air is necessary because difficult 

locations with a number of sensors cannot be prearranged when the size of the 

network is great. In most WSNs applications sensors are deployed in a random 

manner. SNs deployment in Random means setting positions of WSN randomly in 

the area of interest. As 1mentioned in section (2.5.2).  

           The main 1limitation of the non 1-clustering method is that it does not 1reduce 

energy 1consumption and it causes end-to-end delay. Clustering can reduce overhead 

of the communication for both single and multi-hops networks and this can be 

reducing the number of access to the channel. Also, in clustering information can 

extracting and updating at the CHs. Clustering has many advantages such as 

grouping SNs, reducing the number of SNs that receiving data, aggregating data, and 

reducing the number of the transmission to BS. And then increase energy saving. 

Therefore, to solve this problem, the clustering technique is applied to achieve 

energy efficient clustering protocol. There are several models for clustering which 

were mentioned in 1section (2.6).  
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As mentioned in section (2.6.1), the major steps of the DBSCAN. This 

algorithm begins with a random point. And when this point has “MinPts” with “ϵ” 

cluster start build starts. Else the point is noise. continues until the cluster is finish. 

The steps of the DBSCAN algorithm are summarized in the following: 

1. The algorithm starts with an arbitrary point that has not been visited and its 

neighborhood information is retrieved from the ϵ parameter.  

2. If this point contains MinPts within the ϵ neighborhood, cluster formation starts. 

Otherwise, the point is labeled as noise.  

3. If a point is found to be a core point, then the points within the ϵ neighborhood 

are also part of the cluster.  

4. The above process continues until the density-connected cluster is completely 

found.  

5. The process restarts with a new point that can be a part of a new cluster or labeled 

as noise.  

 

The 1Gaussian Mixture Model is a model as it is a probability distribution and 

is also called Expectation-Maximization (EM) Clustering.  GMMs are used for 

representing 1Normally Distributed data. The main steps of the GMM algorithm that 

are applied in WSNs shown in section (2.6.2).  

As 1mentioned in (2.6.3), the key phases of the Hierarchical Clustering 

Algorithm are summarized in the algorithm (3.3). This algorithm starts by handling 

each one as an isolated cluster. Then, it repeated the following two steps:  

1) define two clusters that are nearest together.  

2) Combine the two greatest alike groups. And continues until all the groups are 

1merged together. 

As 1mentioned in section (2.6.4), The following are common steps of a spectral 

clustering algorithm. As shown spectral algorithm (3.4) that suitable for the WSN 

environment. 

After studying clustering methods and the possibility of their compatibility 

with the environment of wireless sensor networks, we said that each of the above 
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methods has advantages and disadvantages in using it with this type of network. 

Therefore, a compromise must be taken and the method that is most useful and most 

appropriate for the proposed work must be taken. Through the study, analysis, and 

comparison of the results by calculating the energy expenditure for each method and 

through the method of distributing the nodes, we found that the k-means method is 

the most acceptable, even if we found in some of the results that other methods are 

distinguished in certain circumstances. 

3.3 K-Means Algorithm 

As 1mentioned in section (2.6.5), K-mean is an algorithm that is needed to 

predict a number of clusters called K. The K-1means guaranteed and group points in 

clusters with different sizes and shapes. K-1means has disadvantages such as that is 

difficult to predict K-Value.  Algorithm (3.1) and figure (3.2) show the general 

algorithm steps of the K-mean clustering algorithms that are suitable for the WSN 

environment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Algorithm (3.5):   K-means   clustering Technique 

Input 

 Number of SNs 
Output1  

 Clusters of SNs 

Initialization1 

 Set the number of the SN  

 Coverage area (100*100) 

  

Process 

1. Start 

2. Input the number of clusters K. 

3. Select centroid points randomly.  

 
4. Put each SN to closest centroids. 

 5. Re-compute a new centroid of each cluster. 

6. Repeat step 3.     

7. End if no any change happens.  Else   go to step-4. 

End. 
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3.3.1 Propose a Model to Find Optimal 1Number of Cluster  

There are important parameters which are cause more energy consumption 

and decrease the quality of the performance of WSNs including the number of 

1clusters, number1 of CHs, number 1of SNs, number of 1rounds, size of the field, initial 

energy of SNs. In the first part of a new modified algorithm, compute the number of 

clusters. Next, the K-mean algorithm is applied to divide the interest of an area into 

an optimal number of clusters. Also, prevent inputting the number of clusters 

according to the user's desire.  A 1k-mean algorithm was created to work with the 

database environment, but we want to adapt this algorithm to work in the 

environment of the wireless sensor without changing the core of the algorithm. The 

k-mean algorithm begins by defining the number of clusters in the network.  

Several previous types of research and studies relied on several techniques to 

select K. Some previous studies relied on probability in determining the number of 

clusters called probability P. Some previous studies relied on mathematical 

equations in determining the number of clusters. Common centroid clustering ways 

have drawbacks including empty clusters, input random K, and unbalanced CHs 

distribution.   

               1K-Means Algorithm has some disadvantages. To exceed these 

disadvantages and to adapt the K-means algorithm for WSN, the following 

suggestions are proposed. A proposed approach is implemented in this thesis to 

select k based on the suggested WSN environment. K can be determined based on a 

set of factors that affect the 1environment of WSNs. The sensing (coverage) area of 

any SN can be represented by a circle with a radius R (sensing radius).  

SN 1sensing the area indicated by 1equation (3.1).  

𝐴𝑠 = 𝑅2 ∗  𝜋                 (3.1) 

1Where As represent the area of the sensing node, and R, the sensing radius. Figure 

(3. 2) present the sensing (coverage) area of any Sensor can be represented by a 

circle with a radius R. Where r is communication range of the sensor. 
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 To estimate the coverage probability, equation (3.2) is suggested.  

𝑃 =  
𝐴𝑠

𝐴
                        (3.2) 

Where A is the area of interest, and P is the coverage probability. To select the 

1optimal number of SNs (N) require to cover a certain area, equation (3.3) is 

developed.  

𝑁 = 𝐴/𝐴𝑠                           (3.3) 

N is very important because deploying more sensor nodes leads to high costs but 

using fewer sensor nodes may cause bad coverage. The basic input to the 1K-means 

(K) that can be estimated using equation (3.4). 

𝐾 = 𝑁 ∗ 𝑃                  (3.4) 

The proposed mathematical model by applying equations (3.1), (3.2), (3.3), and (3.4) 

results in a modified K-mean algorithm. These modifications represent determining 

the number of clusters that are suitable for the WSN environment. The selection 

process is based on important factors especially the area of interest and the optimal 

number of SNs (N) require to cover a certain area. After selected the optimal number 

of clusters K, then entered this number when run K-mean algorithm. Figure (3.3) 

Figure 3.2   Compute sensing area for 

node 
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present the main steps for K-means Algorithm with the proposed mathematical 

model to determine optimal number of clusters K. 

 

 

 

 

 

 

 

 

 

3.4 Proposed Methodology 

In this section, the Proposed key model (Proposed Approach) that can be used to 

implement this dissertation is stated. The schematic diagram to represent the general 

view of the proposed approach which can divide the interested area into three parts. 

First part represents the area near or around BS. Second part represents the suitable 

area that includes the candidate sensor nodes to become CHs. Third part represents 

the area that includes the sensor nodes located at the edge of the network. The 

following conditions that are divide the area into three part are: 

- If the distance d between SN i and BS is less or equal to r1 then this node has no 

chance to become CH, it joins the BS directly as indicated in 1equation (1): 

                                𝑑 ≤ 𝑟1                                    (3.5) 

 - If the distance d between SN i and the BS is greater than r1 and less or equal to 

r2 then the node has a chance to become a CH as defined in equation (2): 

Grouping based on minimum distance 

Centroid 

Distance objects to centroids 

Start 

End 

No 
object 

move 

group

Compute the sensing area for each sensor by equation (3.1), Compute 

coverage probability P by equation (3.2) , Compute the optimal number of 

sensors N by equation (3.3), Compute the optimal number of clusters K by 

equation (3.4) 

Y 

N 

Figure 3.3 Apply K-means with proposed model to find optimal number of clusters k 
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                               𝑟1 < 𝑑 ≤ 𝑟2                            (3.6) 

 

- If the distance d between SN i and BS is greater than r2 then the SN location is on 

the edge of the network and it has no chance to become CH as defined in equation 

(3): 

                                       𝑑 >  𝑟2                            (3.7) 

Where  

 d is the distance between SN i and BS.  r1 = communication rang of sensor node.  

r2   is   threshold value. 

Figure 3.4 presents the red nodes are located near BS which are computed by r1. 

The green nodes are located in suitable area to select CHs which are computed by 

r2 minus r1. The black nodes indicate to the sensor nodes that located at the edge 

of the network. 

 

 

 

 

 

 

 

 

 

 

 

 

 

BS r 1 
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Nodes Near BS 

 Nodes at Edge  

Candidate nodes 

Figure 3.4 Proposed Methodology  
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Figure 3.5 explain compute r1 and r2 where L represent length. L / 2=half value.  

r1 represents the transmission range (or distance d). r2 is represents L / 2 – r1. 

 

 

 

 

 

 

 

 

 

 

 

 

3.5 Proposed Hybrid Algorithm 

          Clustering mechanisms have four phases, namely the network deployment 

phase, neighbor discovery phase, CH selection, cluster formation phase, and 

communication phase. This thesis mainly focuses on CH selection and cluster 

formation.  The CHs are not changed in every round; CH changes are dependent on 

the threshold value. If the threshold value is less than the other member, neighbor 

nodes, then re-clustering is occurring and changes CH. 

As mentioned in section (2.4), the CH selection can be done randomly or 

deterministic technique. There are two techniques to select CHs probabilistically. 

The first way is CH selection in random techniques and the second way is select CHs 

using 1Hybrid algorithms. The random techniques of CH selection are done without 

any interference or control from the SNs or without any centralized from SNs to 

make to make a decision. For example, LEACH Protocol applied the threshold T(n) 

equation as mentioned in section (2.4.1). 

Figure 3.5 Explain compute r1 and r2 
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The second way is the deterministic techniques which is use some important metrics 

such as residual energy, node degree, distance to BS, and node centrality. 

deterministic techniques can be categories into Weight based and heuristic-based 

clustering algorithms as mentioned in section (2.4.2). For example, CH selection 

based weight applied the equation (2.3) as mentioned in section (2.4.2.1).  

Meta-1heuristics represent a category of 1promising algorithms to solve difficult 

optimization problems. Many algorithms used for the optimization goals such as 

GA, ACO, and PSO. As mentioned in section (2.4.2.2) and in section (2.7).  

Critical problem is to find power efficient route between source and destination 

nodes or in other words, to find optimized energy consumption in the WSN using 

routing-based on clustering protocols via how to select suitable CHs, how to build 

clusters, and how transmission packets from source to destination efficiently with 

fewer amount of energy consumption. Increasing the lifetime of a sensor network is 

one of the most important research works for researchers in this field. 

The literature on CH selection algorithms infers that in order to prolong the 

network lifetime, appropriate CHs need to be selected among the network nodes. 

The number of data transmissions to BS is increase if the number of CHs is more, 

and this will increase the energy consumption of the network. If the number of CHs 

is very few, this will increase the intra-cluster communication distances and the 

energy consumption also increases. So, require to select the smallest and enough 

number of CHs to reduce energy consumption.  

One of the ways in which we can increase the lifetime of the sensor network is by 

optimizing the CH selection. The unsuitable selection of CHs may lead to the death 

of the CHs which weakens the performance of the network. Therefore, the proper 

selection of CHs becomes important for the energy conservation of sensor nodes and 

to maximize the lifetime of the network. CH selection plays a very important role in 

ensuring a longer network lifetime for a WSN. Many routing algorithms have been 

designed that consider more than one factor of sensor node such as residual energy, 

number of sensors present in each sensor, probability to become CH, and to ensure 

a longer network lifetime. 
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In proposed Algorithm, the process of searching for candidates to be CH in all 

interested areas is based on the PSO algorithm with a K-mean algorithm and the CH 

selection process based on the residual energy level, the distance between SNs and 

CH, and between CH and BS, and node centrality. The operation of the proposed 

scheme is composed of two major phases: set-up phase and steady-state phase. 

• Set-up phase: after the sensor nodes are deployed in the sensing field and assigned 

with the unique ID numbers. The BS sends hello message to discover all nodes that 

are located in the sensing field. Sensor nodes receive the BS message and send a 

response message back to the BS. The message contains a unique ID number and 

positional information of each node. The BS gets the sensor nodes information and 

broadcasts the routing information table to all nodes in the sensing field that are 

related to it and then, the tree-based clustering is created. Based on the received 

information from the BS, each node knows the length of the path and the number of 

hops to the BS through the assigned CH node. Based on these steps, the nodes and 

BS can communicate and share the data with each other.   

• Steady-state phase: the performance of any transmission is negatively affected by 

the transmission distance. Therefore, selecting CH with a shorter transmission 

distance leads the lower energy consumption.  

The process of data aggregation within the different clusters of the network 

Compression of the sensed information that is being sensed by the sensor node into 

its different CH within the cluster only and  Transmission of the compressed data 

to the sink via different CHs. 

With the effective scheme of particle encoding and fitness function, the proposed 

PSO algorithm is implemented for reducing energy consumption and improving 

the lifetime of the network.   

As mentioned in section (2.7.1) PSO is the simplest, nature-inspired, 

computationally efficient metaheuristic optimization technique. The main goal of 

using the PSO is to find out the best possible position of the particle which gives the 

best valuation of the fitness function. During each generation, the velocity of every 

particle is modified based on the current velocity, the preceding local best, and the 

global best position of the particle. Updated velocity and position of the particle can 

be calculated based on these values.  
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PSO consists of a swarm of particles of a predefined size (NP). Each particle Pi , 1≤ 

i ≤ NP provides a complete solution to a multidimensional optimization problem. 

The dimension D of all the particles is equal. The particle Pi  has position X id, 1 ≤  

d  ≤  D, and velocity V id  in the dth dimension of the multidimensional space. Let 

the i th particle Pi  of the population be represented by : 

𝑃𝑖 = [ 𝑋𝑖,1, 𝑋𝑖,2, 𝑋𝑖,3, … … . . 𝑋𝑖,𝐷]           (3.8) 

A fitness function is used to evaluate each particle to judge its quality for the 

solution to the problem. In order to achieve the global best position, the particle Pi 

follows its own best, i.e., the personal best called Pbesti and the global best called 

Gbest to update its own velocity and position. In implementations of PSO, each 

particle modifies its position using information as: its current position, its current 

velocity, the distance between the current position and best solution individually 

found, and the distance between the current position and the best solution found by 

its neighborhood. Depending on the problem to be solved, a fitness function is used 

to assess the quality of the PSO solution. The PSO equations (2.5) and (2.6). In each 

iteration, its velocity Vi   and position Xi  in the dimension D are updated  using the 

equations (2.7) and (2.8).   

 The velocity of PSO should not exceed a maximum value, Vmax, to avoid an 

unstable state. The performance of PSO search can suffer if the maximum velocity 

is inappropriately set. If it is too high, the particles can fly past optimal solutions, 

and if it is too low they can get stuck in local minima. Other models of the velocity 

equation. The PSO algorithm is straightforward. First, initialize particles with 

random position and velocity vectors. For each particle: evaluate the fitness and if it 

is better than the best individual fitness then updates it. After that, update the best 

global fitness. Then obtain the new velocity and position for each particle. This 

procedure is repeated for a number of iterations or until convergence is beyond a 

certain limit.  
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Figure 3.6 presents the main steps for applied the PSO algorithm in WSNs 

environment to find the optimal CHs and suitable cluster formation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

       We consider number of birds as sensor nodes (SNs) and consider all birds (SNs) 

are closed to each other and are placed on interest of area.  The objective of the PSO 

algorithm is to minimum the fitness function in order to find optimal CH. The 

proposed fitness function is given in Equation 3.9. 

 

𝐹 =  {𝑁𝑜𝑟𝑚𝑎𝑙   𝑆𝑁𝑠                           𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
𝑆𝑁   𝑏𝑒𝑐𝑜𝑚𝑒 𝐶𝐻 𝑖𝑓 𝑆𝑁 ℎ𝑎𝑠 max(𝐸𝑛𝑒𝑟𝑔𝑦)& min(𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒)

                (3.9)   

Where 

Figure 3.6 Flowchart of applied PSO in WSN 
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F represents the fitness function to select the optimal CH node.  

SN represents the sensor node. 

CH is a cluster head. 

Max energy is the highest residual energy for each SN.  

distance represents less distance between the candidate SN and BS.  

t represents iteration. 

F (SN) represents the fitness function of the sensor node. 

P (SNbest) represents the local best SN candidate with high energy and less distance. 

G (SNbest) represents the global best SN candidate with high energy and less distance. 

  The following main steps of the proposed PSO-K algorithm.  

Step 1: Find Optimal K by equation (3.4). 

Step 3: Applied PSO at the BS to select CHs.  

Step 4: Applies the K-means algorithm to partition the network into k clusters. 

Step 5: PSO create list of candidates that are have energy residual and less distance 

to BS.  

Step 6: PSO selects optimal CHs based on residual energy and distance. And applied 

equation (3.6). 

Step 7: SNs placed at the edge of the network cannot become CHs. 

Step 8: After selecting CHs, clusters are formed based on the optimal number of 

clusters (K) and the applied Euclidian distance.  

Step 9: SNs join the nearest CH except for SNs near BS and connect to BS directly. 

Phase 5: SNs location is on the edge of the network has no chance to become CH by 

equation (3.7). 

Phase 6: SNs near BS has no chance to become CH, it will have join the BS directly 

by equation (3.5). 
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PSO used to solve the WSN CH selection and gives promising results, developing a 

low computational and high performance clustering algorithm. Now, we present our 

proposed algorithm by use the particle representation for SNs and the velocity 

representation for energy. The main objective of our proposed WSN clustering 

algorithms is to group the SNs into optimal number of clusters by call K-mean in 

order to partition n nodes into k clusters, and find the optimal CHs. We propose a 

Hybrid PSO and K-means called (PSO-K) Algorithm to solve the energy 

consumption problem based on clustering. PSO-K algorithm consists of two main 

phases: the initialization phase and the transmission phase.  

          The proposed PSO-K algorithm based on a centralized clustering at the BS 

and consider that each SN knows its position. In order to join SNs to a cluster in 

cluster formation process, the BS, consider the energy level and the Euclidean 

distance between a sensor and selected CHs. The PSO-K protocol operates in rounds 

and each round starts with a setup phase at built of clusters, and followed by a steady-

state phase. During the setup phase, SNs send information about their current levels 

of energy and their positions to the BS. And the BS calculates the average energy 

level of all SNs. Only SN has energy level highest than the average and less distance 

to BS are suitable to be candidates for a CH for the next round.  

        In proposed (PSO-K) algorithm, the K-means clustering algorithm is used to 

divide the network based on the proposed model to determine the optimal number 

of clusters K. The BS will select SNs as CHs that equal to K, then other SNs joins 

its nearest CH expect the SNs near BS which are communicate to BS directly. A 

new CH is chosen as the middle of the cluster and prevent the SNs at the edge of the 

network become CH. These steps are repeated until no new CH is selected.  

         Figure 3.7 shown the PSO is applied for select CHs in the network. In this 

phase, each SN in the network send its information such as residual energy and their 

location in the cluster and the distance to the BS. PSO call K-mean in order to select 

center points and to select set of SNs as candidates which are placed in the center of 

the network. To find best CHs, proposed algorithm using PSO is runs at the BS and 

the optimal CHs depend on  residual energy and distance. Prevent select SNs at edge 

of the network as CH by select CH from the set of the candidates in the center of the 

network. PSO will search the space of all possible CHs which save energy and 

provide best solution.  
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Figure 3.7 Flowchart of Proposed PSO-K Algorithm 
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3.6 CH Selection problem at the edge of the network   

 One of the main challenges in routing protocols based on clustering is the 

distribution of the CH is not uniform and all SNs have the same chance to become 

CH without considering the SN position. If SN is located at the edge of the network 

and chosen as CH may cause more energy consumption, for example, LEACH 

protocol [14].   

As shown in figure 3.8 present the edge problem in LEACH protocol. Some nodes 

were chosen to be CH that they lose their energy quickly, and lead cut the 

communication. Therefore, will not serve the network optimally. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8 Nodes at edge Problem in LEACH Protocol 
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For the purpose of solving the problem in the previous section, we will avoid 

selecting a CH at the edges of the network. In Mathematics, the Euclidean distance 

is applied to measure the distance between two points or the straight line distance.  

The problem solved through applied new model by equation (3.7) and used K-

mean algorithm to select center points and generate a list from sensor nodes as 

candidates to become CH. So, all SNs selected by the PSO-K algorithm located 

near the center and far from edge of the network. As show figure 3.9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PSO Algorithm Select list of candidates from r1  

PSO Algorithm Elect CHs   

Avoid elect SNs at Edge as CH 

Figure 3.9 Flowchart for Solve Edge problem 
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3.7 Cluster Formation Techniques 

After complete CHs election, the clusters are formed based on the distance 

between SNs and CH.  Classically the SN joins to its nearest CH. This is critical 

problems in LEACH protocol are generated due the forms process for clusters based 

on the received signal strength. The randomly situated CH may lead to more energy 

consumption based on the distance between the CH and BS. And select CHs 

randomly may form more clusters that leads more energy consumption or less 

clusters leads bad coverage for field. 

3.7.1 Proposed optimal method to Cluster Formation 

PSO-K Algorithm applied to solve number of clusters that are suitable for 

particular environment using optimal K with distance factor using Euclidean 

distance. As shown the figure 3.10.  
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Figure 3.10 Build the clusters in PSO-K Algorithm 
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3.8 Sensor Nodes near Base Station Problem 

There are several problems related to cluster formation that caused more 

energy consumption. One of these problems is the normal SNs join to nearest CH. 

This is a critical problem in LEACH protocol due data will be sent to its CH while 

the distance between these SNs and the BS is less than the distance between these 

SNs and their own CH.  

The other problem that occurs after the network formation process, this 

problem causes the nodes to drain energy, and the reason is the link of the node with 

the head of a cluster and the distance of this link is longer than the link of the nodes 

with the base station and close to it. As shown figures 3.11 and 3.12. 

 

 

Figure 3.11 display SNs near BS 

problem  
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As see from figure 3.11 and 3.12. SNs join CH while the distance between 

these SNs and the BS is less than the distance between these SNs and CH. PSO-K 

algorithm solved this problem using a new model applied equation (3.5).  So, the SN 

joins with the nearest CH, if the distance between the SNs and the CH is less than 

the distance between that SNs and the BS and data will be transmitted to CH.  

 

 

Figure 3.12   describe nodes near BS Problem 
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Chapter Four   
Simulation Results and Performance Evaluation 

4.1 Introduction 

           The WSN’s performance in terms of an average lifetime has been studied by 

developing a MATLAB code that simulates all previous equations in detail. This 

chapter is divided into several sections; A brief introduction in the following by 

Assumptions and Parameters in the first stage, and the second stage contains the 

simulation process and the programs used for simulation, evaluating and comparing 

the performance of WSNs for several deployment techniques. In the third stage, 

study and evaluate the effect of clustering techniques on the system and compare it 

with the proposed technique developed to extend the lifetime of WSN.  In the fourth 

stage, determine the optimal number of clusters via a new mathematic model. In the 

five-stage, evaluating and comparing the performance of WSNs for different CH 

selection methods with a newly proposed technique. In the six-stage, evaluating and 

comparing the performance of WSNs for different cluster formation methods with a 

newly proposed technique. The seven-stage is related to the position of SN at the 

edge of the network which is selected as CH in some algorithms such as LEACH 

protocol. The eight-stage is related to the cluster formation process when SNs near 

BS join to CH even if they are nearest to BS.  

This chapter includes the simulation results for the proposed system compared with 

different algorithms via some metrics such as average energy consumption, FDN, 

HDN, and LDN. These simulations were applied within the same environment 

where Area 100*100 or 200*200 or (N*M).  The number of sensor nodes is 100, 

200, ….,1000, 2000. The number of rounds is 100, 200, …, 1000, and 2000.    
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4.2 Result Layout 

The proposed system model solves some problems in WSNs and decrease the energy 

consumption to enhance the 1performance and prolong lifetime of the network. 

Figure 4.1 shows a schematic diagram of all work and results achieved. The results 

of the work are divided into seven stages. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Result Stages of Proposed System Model 

Stage 1 

Stage 2 

Stage 3 

Stage 4 

Stage 5 

Stage 6 

Deployment Methods Results 

Clustering Techniques Results 

CH  Selection Results 

SNs at Edge Results 

Cluster Formation Results 

SNs near BS Results 
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4.2.1 Simulation Assumptions  

The beginning with the simulation results of the system model used the 

results of deployment results, clustering results and the proposed algorithm. This 

section will start with the basic assumptions for proposed network structure works 

with Node Numbers 100, 500, 1000, and 2000. The round numbers 100, 500, 1000, 

and 2000. Deployment Methods (randomly and regular), Clustering Techniques (K-

mean, DB-SCAN, Hierarchical, spectral, and GMM).  The CH Numbers 0.01, 0.02, 

0.03, 0.04, 0.05. Area field 100*100, 200*200, or M*N. The BS is placed in the 

middle of the network. Each node contains a unique ID. The initial energy of all the 

sensor nodes counts as 0.1, 0.0.2, or NJ. BS has information about the location of 

the node and there are no communication problems between the nodes and their CHs 

and between nodes and BS.  Assumed the communication between the nodes and 

the BS using the RF model. The proposed procedure was implemented in MATLAB.  

Table 4.1 shows simulation parameters.  

 

Parameter Value 

Network Area N x M  m2       such as 100*100 

Number of Nodes 100, 500, 1000, 2000 

BS X,Y      such as    50*50 

Initial Energy (E0)  0.1, 0.2,  or N J   

Energy dissipation: receiving (Eamp)  0.0013 pJ/bit/m4  

Energy dissipation: free space model (Efs)  10 pJ/bit/m2  

Energy dissipation: power amplifier (Eamp)  100 pJ/bit/m2  

Energy dissipation: aggregation (EDA)  5 nJ/bit  

Electronics energy (Eelec) per bit 50 nJ 

Number of round  1000, 2000 or N rounds 

Number of CH (Probability of number of 

CH) 

0.01, 0.02 , 0.03, 0.04 and 0.05    

Message size 4000 bits 

 r1 Transmission range  

r2 Threshold 

 

 

 

 

Table 4.1 shows simulation parameters 
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4.2.3 Guided User Interfaces (GUIs) 

                 Guided User Interfaces (GUIs) in Figure 4.2 showing run and implement 

the comparison for deployment, and clustering techniques. Figure 4.3 show the main 

window to evaluate and compare the deployment, and clustering techniques. These 

GUIs are samples from several forms created by the Matlab simulator to show the 

processing results of simulation performance.  

 

 

 

 

1Figure 4.2 ( 1a, b, c, d, e, and f ) shows a Guided User Interface (GUI) that is showing 

run and implementation the comparison for deployment, and clustering techniques 

and it has many options of buttons. These GUIs are samples from several forms 

created by the Matlab simulator to show processing results of simulation 

performance. Figure 4.2 (a) presents the network parameters. Figure 4.2 (b) presents 

the deployment techniques. Figure 4.2 (c) presents run sumilations. Figure 4.2 (d) 

presents clustering algorithms. Figure 4.2 (e) presents a number of clusters. Figure 

4.2 (f) presents the sumilation results. Figure 4.3 (a and b) display the main windows 

for running the proposed PSO-K algorithm. Figure 4.3 (a) present run deployment 

of 100 nodes randomly. Figure 4.3 (b) present run clustering of 100 nodes in PSO-

K algorithm. 

 

 

 

 

 

 

 

 

 

Figure 4.2 GUI for Comparison for Deployment and Clustering techniques 
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Figure 4.3 (a) shows the deploy the sensors randomly in the proposed algorithm. 

Figure 4.3 (b)  shows run the PSO-K Algorithm.  

 

     

 

 

 

 

 

 

 

 

 

 

 

 

4.3 Results of Deployment techniques 

         Before a sensor network is deployed, it is important to determine how many 

sensors are required to achieve a certain level of coverage. The number of sensors 

required for maintaining k-coverage depends on the area of the monitored region, 

the probability that a node fails or powers off (to save energy), and the deployment 

strategy. The sensing coverage of the field of interest is an important function of the 

sensor nodes in connected WSNs. It is to be covered if each point in the field is 

monitored by at least one sensor node. Targets or physical stimulus in WSNs can be 

deterministic located inside the field of interest, randomly scattered in the field of 

interest. Although random deployment is widely used in theoretical analysis of 

coverage and connectivity, and evaluation of various algorithms, it has often been 

considered too expensive as compared to optimal deterministic deployment patterns 

when deploying sensors in real-life.          

a 

Figure 4.3 illustrate the runnig  proposed  PSO-K algorithm 

b 
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          Two types of random and deterministic deployment were carried out in an 

environment of 100 * 100 and 200 * 200 square meters and the number of nodes that 

were deployed were 100, 500, 1000, and 2000 in different rounds 100, 1000 and 

2000 and the energy consumption rate was calculated in each experiment. In 

deterministic deployment applied four types: square, triangle, hexagon, and tri-

hexagon. Figure 4.4 present GUI for deployment techniques comparison.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4   GUI for deployment techniques comparison 
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Table (4.2) offers information on the numerical comparison between the five 

deployment techniques at 500 and 1000 nodes.  500, 1000 and 2000 rounds. The 

comparison process is done according to effect the number of nodes and rounds on 

the energy consumption.   

 

    Number of Nodes Number of Rounds Deployment Method Energy Consumption 

in joules 

 

 

 

 

 

 

 

500 

 

 

 

 

 

500 

 

Random 7.1439 

Square 7.1492 

Triangular 7.1504 

Hexagon 7.1498 

Tri- Hexagon 7.1479 

 

 

1000 

 

Random 14.2877 

Square 14.3364 

Triangular 14.2928 

Hexagon 14.3024 

Tri- Hexagon 14.2987 

 

 

2000 

 

Random 28.3263 

Square 28.7089 

Triangular 28.5897 

Hexagon 28.6074 

Tri- Hexagon 28.5984 

    Number of Nodes Number of Rounds Deployment Method Energy Consumption 

 

 

 

 

 

 

 

1000 

 

 

 

 

 

500 

 

Random 14.3011 

Square 14.3195 

Triangular 14.3096 

Hexagon 14.3119 

Tri- Hexagon 14.6788 

 

 

1000 

 

Random 28.6115 

Square 28.6349 

Triangular 28.6237 

Hexagon 28.6332 

Tri- Hexagon 28.6168 

 

 

2000 

 

Random 57.1836 

Square 57.2935 

Triangular 57.2567 

Hexagon 57.2403 

Tri- Hexagon 57.2424 

 

Table (4.2) Comparison among deployment techniques 
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Many experiments have been conducted in the number of different numbers of nodes 

and rounds within five methods of deployment and it was found that random 

deployment in an WSN environment is the least in energy consumption. 

After proposing a mathematical model to determine the number of nodes and 

clusters, this model is appropriate with the deterministic deployment, as it gives a 

clear vision of the requirements for WSN after analyzed this environment and study 

the most important factors affecting it. 

But from an economic point of view, the application of the model of determining the 

number of nodes and number of clusters can be applied in random deployment also, 

and the challenges of random deployment and its determinants are taken into 

account, such as the fall of a number of nodes in one place, which affects coverage 

and connectivity. Therefore, such a problem must be avoided by doubling the 

number of nodes twice. Or more. 

 

4.4 Results of Clustering Techniques 

The main limitation of the non-clustering approach in WSNs is that it does not 

reduce energy consumption and it does not provide energy efficiency to the network 

and it causes end-to-end delay.  So, to overcome the problems and decrease energy 

consumption; clustering techniques are applied.  

Because clustering algorithms are many and differ in the way they are classified, we 

have studied and analyzed the most common clustering algorithms, namely K-

means, DBSCAN, GMM, Hierarchical, and spectral algorithms. We tried to 

highlight the most important advantages and the most important disadvantages of 

each method and the proportion of its suitability to work with the WSN environment. 

This study displays the most properties and Adjectives for each algorithm.   
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Adjective DBSAN GMM Hierarchical Spectral K-means 

Metric density Gaussian distance spectrum distance 

High Dimensional does not operate 

well for high 

dimensional data. 

Complex 

algorithm 

with high 

dimensional 

Recommended 

for a small 

dataset 

Recommended 

for lower-

dimensional 

Recommended for 

high dimensional 

data 

Measure Density Probabilistic 

assignment 

Agglomerative 

and  Divisive 

Eigenvalues 

and 

eigenvectors 

Median or mean 

Parameter eps  and minPts EM algorithm  Need    K Need K Need    K 

Cost Expensive Expensive Expensive expensive cheap 

Speed slow slow slow slow fast 

Varying densities. Affected Effected doesn’t affect Affected doesn’t affect 

Cluster discards objects as 

noise. 

clusters all 

the objects 

clusters all the 

objects 

clusters all the 

objects 

clusters all the 

objects 

Outliers and noisy efficiently  Very 

sensitive  

Very sensitive  efficiently  not work well  

Computationally Easy to implement. Flexibility Easy  very efficient Easy 

 

         From the above study, it is clear to us that each algorithm has advantages and 

disadvantages for working with the wireless sensor network environment. The k-

means algorithm was chosen to work in the proposed system because it has features 

that suit the work environment such as its simplicity in processing, ease of 

application, the possibility of determining the number of clusters. And its most 

important characteristic is its ability to work in a different density environment, 

unlike the DBSCAN algorithm. Also, K-means algorithm is acceptable from other 

Table 4.3 comparison among clustering algorithms 
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clustering algorithms in energy consumption metrics. Figure 4.5 present GUI for 

clustering techniques comparison.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5 shows the main window for cluster formation 
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Table 4.4 affect different rounds for 100 nodes with different clustering techniques. 

Using three parameters: total energy consumption, number of alive nodes and 

number of dead nodes. Show Figure 4.6. 

 

N0 of 
nodes 

Deployment  
Technique 

Clustering  
Technique 

N0 of  
Rounds 

Total energy 
consumption 
In Jules 

N0 of 
alive 
nodes 

N0 of 
dead 
nodes 

 
 
 
 
 
 
 
 
 
     50 

 
 
   
 
 
 
 
 
 
Random 

K-mean 
 

100 0.141 50 0 

200 0.281 50 0 

300 0.421 50 0 

400 0.505 8 42 

500 0.509 8 42 

GMM 
 

100 0.142 50 0 

200 0.284 50 0 

300 0.427 50 0 

400 0.509 6 44 

500 0.513 6 44 

Hierarchical 
 

100 0.142 50 0 

200 0.286 50 0 

300 0.429 50 0 

400 0.511 3 47 

500 0.515 2 48 

Spectral 100 0.148 50 0 

200 0.294 50 0 

300 0.431 50 0 

400 0.513 2 48 

500 0.514 0 50 

 

 

 

 

 

 

 

 

 

Table 4.4 comparison among different clustering techniques 

Figure 4.6 Comparison among different clustering techniques 
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Table 4.5 affect different rounds for 500 nodes with different clustering techniques. 

Using three parameters: energy 1consumption, number of alive SNs and number of 

dead SNs. As show Figure 4.7. 

 

N0 of 
nodes 

Deployment  
Technique 

Clustering  
Technique 

N0 of  
Rounds 

Total energy 
consumption 

N0 of 
alive 
nodes 

N0 of 
dead 
nodes 

 
 
     500 

 
 
  Random 

K-mean 
 

100 1.425 500 0 

200 2.958 500 0 

300 4.309 500 0 

400 5.075 45 455 

500 5.125 30 470 

GMM 
 

100 1.442 500 0 

200 2.877 500 0 

300 4.314 500 0 

400 5.179 57 443 

500 5.128 41 459 

Hierarchical 
 

100 1.445 500 0 

200 2.883 499 1 

300 4.311 496 4 

400 5.104 40 460 

500 5.144 34 466 

Spectral 100 1.509 493 7 

200 2.983 482 18 

300 4.431 444 56 

400 5.320 23 377 

500 5.459 30 470 

 

 

 

 

 

 

 

 

 Tables (4.4), (4.5) and Figures (4.6) and (4.7) presents that the number of round 

effect on the energy consumption and k-mean is the accepted in energy consumption.  

Figure 4.7    Comparison among different clustering techniques 

Table 4.5 affect different rounds on the energy consumption 
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Table (4.6) present the effects of the number of CH with different clustering 

techniques on total energy consumption. Number of CHs is the important factor for 

energy saving in clustering techniques in WSNs due it increasing the number of CHs 

can be increase energy consumption. As shown in Figure (4.8). 

 

Number of 

Nodes 

Number of 

Rounds 

Clustering 

Method 

Probability P of the 

number of CH 

Total Energy 

Consumption in 

jule 

 

 

       100 

 

 

        1000 

 

K-mean 

0.02 2.5498 

0.03 2.6714 

0.04 2.8770 

0.05 2.8788 

 

DBSCAN 

0.02 2.6412 

0.03 2.7714 

0.04 2.8770 

0.05 2.9788 

 

GMM 

0.02 2.8006 

0.03 2.8767 

0.04 2.8828 

0.05 2.8843 

 

Hierarchal 

0.02 2.6663 

0.03 2.7912 

0.04 2.8752 

0.05 2.8799 

 

Spectral 

0.02 3.0002 

0.03 3.2577 

0.04 3.3854 

0.05 3.5989 

 

 

 

 

 

 

 

 

 

Table (4.6) CH numbers effected on the energy consumption 

 

Figure 4.8 Comparison among different clustering techniques 
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Table (4.6) and Figure (4.8) present that the number of CH is effect on the energy 

consumption and k-mean is acceptable in energy consumption.    

Table (4.7) present the effects the number of CH with different clustering techniques 

on total energy consumption. As shown in Figure (4.9). 

 

Number of 

Nodes 

Number of 

Rounds 

Clustering 

Method 

Probability P of 

the number of 

CH 

Total Energy 

Consumption 

in  jule 

 

 

       

 

 

 

100 

 

 

         

 

 

 

2000 

 

K-mean 

0.02 5.7102 

0.03 5.7112 

0.04 5.7557 

0.05 5.7289 

 

DBSCAN 

0.02 5.4102 

0.03 5.6112 

0.04 5.7557 

0.05 5.8289 

 

GMM 

0.02 5.7472 

0.03 5.7512 

0.04 5.7720 

0.05 5.7859 

 

Hierarchal 

0.02 5.7319 

0.03 5.7473 

0.04 5.7508 

0.05 5.7788 

 

Spectral 

0.02 5.7350 

0.03 6.0627 

0.04 6.0330 

0.05 6.1393 

 

 

 

 

 

Table (4.7) affects the number of CH on the energy consumption 
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Table (4.7) and Figure (4.9) present the number of round effect on the energy 

consumption. Probability of CH number effect on the energy consumption. And k-

means is the acceptable in energy conservation among the four clustering methods.  

 

K-Means performs the division of objects into clusters that share similarities and are 

dissimilar to the objects belonging to another cluster. The term ‘K’ is a number. You 

need to tell the system how many clusters you need to create. For example, K = 2 

refers to two clusters. There is a way of finding out what is the best or optimum 

value of K for a given data. K-Means clustering is used in a variety of examples or 

business cases in real life, like: Academic performance, Diagnostic systems, Search 

engines, Wireless sensor networks. 

 

 

 

 

Figure 4.9 Effect the number of CH on the energy consumption 
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Table (4.8) comparison among different clustering techniques with 50 nodes 

deployment randomly. Measuring the total energy consumption, alive and dead 

nodes. 

 

Node 

Number 
Round 

Deployment 

Method 

Clustering 

method  

Total Energy consumption 

T. 

energy 
live dead 

 

50 

100 

200 

300 

400 

500 

Random K-means  

0.14176 50 0 

0.28152 50 0 

0.42134 50 0 

0.50517 8 42 

0.50903 8 42 

100 

200 

300 

400 

500 

Random GMM  

0.14235 50 0 

0.28474 50 0 

0.42711 50 0 

0.50792 6 44 

0.51165 6 44 

100 

200 

300 

400 

500 

Random Hierarchal  

0.14288 50 0 

0.28635 50 0 

0.42983 50 0 

0.50757 3 47 

0.51191 2 48 

100 

200 

300 

400 

500 

Random Spectral  

0.14856 49 1 

0.29421 48 2 

0.4319 48 2 

0.51329 2 48 

0.51372 0 50 
 

 

 

Table (4.8) comparison among different clustering techniques with 500 nodes 

deployment randomly. Measuring the total energy consumption, alive and dead 

nodes.  

 

 

 

 

Table (4.8) different clustering with total energy consumption 
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Node 

Number 
Round 

Deployment 

Method 

Clustering 

method  

Total Energy Consumption 

T. energy live dead 

  

500 

100 

200 

300 

400 

500 

Random K-Mean  

1.4259 500 0 

2.8581 500 0 

4.3099 500 0 

5.0792 45 440 

5.1251 33 458 

100 

200 

300 

400 

500 

Random GMM 

1.4423 500 0 

2.8771 500 0 

4.3142 500 0 

5.1793 57 453 

5.1288 41 465 

100 

200 

300 

400 

500 

Random Hierarchal  

1.4459 500 0 

2.8833 499 1 

4.3117 496 4 

5.1047 40 460 

5.1448 34 476 

100 

200 

300 

400 

500 

Random Spectral  

1.5097 493 7 

2.9834 482 18 

4.4312 444 56 

5.3202 123 377 

5.4590 36 466 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.9 Effect Round Number for energy consumption for WSN.   

Figure 4.10 display number of CH with different clustering algorithms. Round=1000 
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Tables (4.8) and (4.9) and Figure (4.10) present:  

• Number of round effect on the energy consumption. And in round 400 to 500 

increase the energy consumption and leads to increase the dead nodes. 

• k-mean is the best clustering algorithm in energy conservation among the 

clustering methods.  

4.4.1 Optimal Number of Clusters K 

                 After applying different deployment techniques and different clustering 

techniques and notes clear that the K-mean algorithm is a more suitable WSNs 

environment. There are critical factors that affect the performance of WSN including 

the number of clusters, number of CHs, number of SNs, number of rounds, size of 

the field, and initial energy of SNs. This section presents the results of the proposed 

modified K-mean algorithm. A proposed approach is implemented in this thesis to 

select k based on the suggested WSN environment. K can be determined based on a 

set of factors that affect the environment of WSNs.  

Table (4.10) Comparison between classic K-Mean algorithm and modified K-mean 

algorithm based on equation (3.4) and compute the energy consumption metric. 

Where rounds are 1000 and nodes are 500. The classic K-Mean algorithm to 

calculate the energy consumption metric. With different rounds are 100 to 500 and 

a select a number of nodes randomly such as 500. And select the number of clusters 

randomly based on the probability P=0.5 that K=25.  

 

Number of Nodes 

 

Clustering 

method 

Number of 

Rounds 
Total Energy Consumption 

500 
Classic        

K-Mean 

100 

200 

300 

400 

500 

1.434 

2.871 

4.301 

5.759 

7.171 

 

Table (4.10) Applied the classic K-means algorithm  
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Table (4.11) applied K-Mean algorithm with optimal N and K. With different 

rounds are 500 and 1000. Optimal number of nodes=100 and optimal K=5. 

 

Node 

Number 

Clustering 

method 

Number of 

Rounds 

Total Energy 

Consumption in jule 

100 

K-Mean with 

optimal N 

and K 

100 

200 

300 

400 

500 

0.28637 

0.57439 

0.8658 

1.1483 

1.4379 

 

Figure (4. 11) presents the comparison between the classic K-mean algorithm and 

K-means with optimal N and optimal K.    

 

 

 

 

 

 

 

 

Table (4.10) and (4.11) and Figure (4.11), present that the K-mean with optimal N 

and K is less energy consumption.  

 

Table 4.11 K-mean algorithm used optimal K. 
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Figure 4.11 comparison between applied classic k-means and K-means with optimal K 
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 4.5 Proposed PSO-K Algorithm Results 

The proposed algorithm moved away from using random methods in selecting CHs, 

as in leach algorithms and their versions, and turned to using deterministic methods 

in selecting CHs, where we used optimization methods and some characteristics such 

as residual energy and distance. Table (4.12) shows a comparison between the 

algorithms used to select the CH and form clusters and shows the advantages and 

disadvantages. 

 

Protocol Proposed improvement Results of improvement 

LEACH-C Centralized clustering approach with the 

known location of member node 

Reduce data transmission 

cost and increase lifetime 

LEACH-B Number of CHs kept optimum Low energy consumption 

MR-LEACH Multi-hop routing and hierarchy of CHs Better network lifetime 

LEACH-GA Use GA to find CHs Prolong lifetime 

V-LEACH Use of vice CHs Prolong lifetime 

Improve    

V-LEACH 

Maximum residual energy, minimum 

energy and minimum separation distance 

for vice CH selection. 

Improve network lifetime 

MEDC Mutual exclusion used for CHs selection. 

One CH with one sensor range 

Better network lifetime 

LEACH-B Proposed a new adaptive strategy to 

choose CHs 

Improve network lifetime 

EWC Use residual energy, distance and node 

degree 

Improve network lifetime 

LEACH-M Use residual energy and node mobility Improve network lifetime 

TL-LEACH Primary CH  and secondary CH Send information to BS 

over two levels to get  

better energy 

Multi-hop 

LEACH 

Improve CH selection and determine the 

number of CHs.  

Energy minimum 

E-LEACH Use residual energy, determine the 

number of CHs and total number of 

sensor nodes to scale 

Enhance lifetime 

FL-LEACH Apply fuzzy logic on LEACH to 

determine 

Enhance lifetime 

 

Table (4.12) Comparison among existing Algorithms  
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The proposed algorithm was implemented in MATLAB. The proposed area size is 

100 × 100 m. The initial energy of each sensor is settled as 0.1,  0.2, and 0.3  J.  The 

Simulation experiments were executed by varying the number of sensors from 100 

to 1000 with 2%,  3%, 4%, and 5% as CHs. The deployed sensors are static (not 

mobile) and homogeneous. Deploying the smallest number of nodes is an important 

issue. This study focuses on random deployment which is setting positions of WSNs 

randomly and independently in the target area. The first step is the sensors deployed 

randomly as shown Figure (4.12). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.12:  Deployment sensor nodes randomly 
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4.5.1 Evaluating the stability and lifetime network metrics 

The simulation result was compared with the existing protocol: LEACH, EAMMH, 

and I-LEACH. Three performance metrics are used to evaluate the performance of 

the proposed algorithm: First Dead Nodes (FDN), Half Dead Nodes (HDN), and 

Last Dead Nodes (LDN). FDN is the death of the first node. HDN when half nodes 

are dead. LND means death of the last node in the network. The proposed PSO-K 

algorithm uses these metrics in order to evaluate the performance and compare the 

proposed PSO-K algorithm with existing algorithms: LEACH, EAMMH, and I-

LEACH when the area is 100 * 100 and the number of nodes is 100. The initial energy 

is 0.1 J and the probability P is 0.02. Round is 1000.   

Table (4.12) comparison among proposed PSO-K protocol and existing common 

protocols includes LEACH, EAMMH, I-LEACH protocols in same environment of 

WSNs. The comparison process is done based on a different number of rounds, 100 

nodes, and computes FDN metric. As shown Figure 4.13. 

 

Round Metrics LEACH EAMMH I-LEACH Proposed 

100  

FDN 

7 23 35 37 

500 6 22 41 43 

1000 13 23 40 41 

 

 

 

 

 

 

 

 

 

 

Table (4.13) comparison among PSO-K and LEACH, EAMMH, I-LEACH Protocols by 

FDN 

Figure 4. 13 Applied FDN metric 
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Table (4.13) and Figure (4. 13) display that FDN in round 1000 is dies at 13 rounds 

in LEACH whereas for EAMMH is at 23 rounds. I-LEACH is at 40. PSO-K is at 41. 

Proposed PSO-K algorithm is the best.   

Table (4.14) comparison among proposed PSO-K protocol and existing common 

protocols includes LEACH, EAMMH, I-LEACH protocols in same environment of 

WSNs. The comparison process is done based on a different number of rounds, 

100 nodes, and computes HDN metric. As shown Figure (4.14). 

 

Round Metrics LEACH EAMMH     I-LEACH Proposed 

100  

HDN 

50 60 100 100 

500 95 100 250 285 

1000 90 112 260 278 

 

 

 

 

 

 

 

 

 

 

Table (4.14) and Figure (4.14) present comparison used HDN metric. If round is 

500, HDN in LEACH is done in round 95 and in EAMMH in round 100 whereas I-

LEACH in round 250. So, HDN with proposed PSO-K is done in round 285.  

If round is 1000, HDN in LEACH is done in round 90 and in EAMMH in round 112 

whereas I-LEACH in round 260. So, HDN with proposed PSO-K is done in round 

278. The proposed PSO-K is accepting. 

 

Table (4.14) comparison among PSO-K and LEACH, EAMMH, I-LEACH by HDN 

Figure 4.14 HDN metric 
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Table (4.15) comparison among proposed PSO-K protocol and existing common 

protocols includes LEACH, EAMMH, I-LEACH protocols in same environment of 

WSNs. The comparison process is done based on a different number of rounds, 100 

nodes, and computes LDN metric. As shown Figure (4.15). 

 

Round Metrics LEACH EAMMH     I-LEACH  Proposed 

100  

LDN 

50 60 100 100 

500 497 500 500 500 

1000 500 345 956 978 

 

 

 

 

 

 

 

 

 

 

 

 

Table (4.15) and Figure (4.15) present comparison used LDN metric. If rounds are 

500, LDN in LEACH is done in round 497 and in EAMMH in round 500 whereas I-

LEACH that 21 alive nodes and 79 dead nodes at end of 500 round. So, LDN with 

proposed PSO-K is 38 alive nodes and 62 dead nodes at the end of 500 rounds. When 

rounds are 1000, LDN is done in LEACH at round 500 when EAMMH at 345 round 

whereas 6 alive nodes and 94 dead nodes in I-LEACH at end of round 1000. But, 

LDN with proposed PSO-K alive nodes are 10 and 90 dead nodes in proposed PSO-

K at end of round 1000. The proposed PSO-K is accepting.  

Figure (4.16) shows that the proposed algorithm is more stability and prolong 

lifetime. 

Table (4.15) comparison among PSO-K and LEACH, EAMMH, I-LEACH by LDN 

Figure 4.15 comparison among PSO-K and LEACH, EAMMH, I-LEACH by LDN 
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The performance of PSO-K is compared with LEACH, EAMMH, and I-LEACH  in 

terms of stability period, network lifetime. The proposed PSO-K has higher stability 

(FND) and longer lifetime (HND and LND) compared to LEACH, EAMMH, and I-

LEACH .  

4.5.2 Evaluating Energy Consumption Metric 

CH selection algorithms are important to prolong the network lifetime and 

appropriate CHs selection process is more required among the network nodes. 

Optimal CHs selection mean energy saving while CHs selection randomly may 

cause more energy consumption. Figure (4.17) (a) and (b) present the deployment 

100 and 200 nodes randomly in proposed PSO-K algorithm. Area is 100*100. 

 

 

 

 

 

 

Figure 4.17 (a) and (b) main window for deployment 100, 200 nodes randomly in PSO-

K algorithm. 
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Figure 4.16 FDN, HDN, and LDN metrics 
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Number of CHs (K) in clustering protocols is important factor that effect on the 

energy saving. Figure 4.18 (a) clustering when K=2. In Area is 100*100 and (b) 

clustering when K=3 in proposed PSO-K algorithm. In Area is 200*200 

 

 

 

 

 

 

 

 

 

 

Figure (4.19) present clustering technique in proposed algorithm when (a) K=5 and 

(b) K=6.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.18 (a) and (b) present the clustering by PSO-K algorithm used k =2 and 3 

Figure 14 (a) and (b) present the deployment 100 and 200 nodes randomly in 

Figure 4.19 (a) Clustering with K=5 and (b) Clustering with K=6 in PSO-K algorithm. 
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Figures (4.18) and (4.19) present that:  

 The proposed PSO-K algorithm is best in distributed nodes in the interest of 

area. 

 The proposed PSO-K algorithm select optimal CH far from edge and far from 

BS. 

 

Table (4.16) compute the average energy consumption with different rounds for 

LEACH, EAMMH, I-LEACH and PSO-K Protocols. As shown Figure (4.20). 

 

Protocol Round=100 Round=500 Round=1000 
LEACH 0.015 0.049 0.051 
EAMMH 0.013 0.038 0.049 
I-LEACH  0.013 0.036 0.045 
Proposed 0.012 0.034 0.041 

 

 

 

 

 

 

 

 

 

 

Table (4.16) and Figure (4.20) presents that the average energy consumption the 

proposed algorithm is less.   

 

 

Table (4.16) compute the average energy consumption with different rounds 

 

Figure 4.20 Energy consumption with different rounds 
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4.6 Proposed optimal Cluster Formation 

After the success of the process of selecting the CH in each cluster, normal nodes 

must join to best CH this process called “Cluster formation” which is a key challenge 

in the clustering technique in WSNs. Most existing routing-based clustering 

protocols are suffering from some problems within cluster formation. LEACH for 

example is works based on strongly a signal to join the suitable cluster. Often 

protocols based on clustering build a cluster depend on Euclidian distance.  Number 

of clusters and unbalancing distribution in cluster formation are most problems. 

Cluster formation is a key challenge in the clustering technique in WSNs as shown 

in Figure (4.21). Most existing routing-based clustering protocols are suffering from 

some problems includes:  

1) Unbalancing distribution in cluster formation. 

2) SNs at the edge of the network have the same chance to become CH. 

3) SNs position near BS cannot join to BS directly. 

 

 

 

 

 

 

 

 
Figure 4.21 Problems with existing protocols 
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The proposed algorithm build a cluster based on the proposed hybrid method to 

determine the optimal number of cluster (K) and Euclidian measure in order to 

suitable cluster formation and balance distribution. As shown Figure (4.22). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures (4.22) present that the proposed PSO-K algorithm improve the cluster 

information process via applied both optimal number of cluster (K) and Euclidian 

distance. 

 

 

Figure 4.22 Solving the problems by PSO-K algorithm 
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4.7 Nodes at Edge Results 

With most common routing protocols which are based on clustering techniques 

suffers from a key problem when the all sensor nodes in network have the same 

chance to become CH. If SNs at the edge of the network have chance to become CH 

leads to more energy consumption, for example; LEACH protocol as shown Figures 

(4.23). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.23 Nodes at edge Problem in LEACH Protocol 
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PSO-K algorithm solving edge problem by prevent the SNs located at the edge of 

the network become CHs applied the proposed equation (3.7). As shown Figures 

(4.24), (4.25) and (4.26). 

 

 

 

 

 

 

 

 

 

 

Figure 4.24 display the solution of the edge problem 

Figure 4.25 Solve edge problem 

 (b)   (a)  
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Figures (4.24), (4.25) and (4.26) present that the proposed PSO-K algorithm solve 

the sensor nodes at edge problem by prevent them become as CHs. 

 

 

 

 

Figure 4.26 Run proposed algorithm 
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4.8 Node near BS Results 

Most common routing protocols which are based on clustering techniques suffer 

from a key problem when the SNs located near BS cannot join to BS directly.  This 

problem causes more energy consumption when SNs join to nearest CH even BS is 

nearest to them. This problem is found in several routing protocols which are based 

on clustering techniques such as LEACH protocol. As shown Figures (4.27) and 

(4.28). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.27 display SNs near 

BS problem  
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Proposed PSO-K algorithm solve SNs near BS Problem applied the proposed 

equation (3.5). Show Figures (4.29) and (4.30).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.29) PSO-K algorithm solve the SNs near BS problem 

 

Figure 4.28   PSO-K Algorithm solve sensor nodes near BS 

Problem 
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Figures (4.29) and (4.30); present that the proposed PSO-K algorithm solve the 

sensor nodes near BS by make them communicate BS directly. 

 

 

Figure 4.30   PSO-K algorithm solve the SNs near BS problem 
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Chapter Five 

                                     Conclusions and Future Directions 

 

5.1 Introduction 
 

            A hybrid PSO and K-means (PSO-K) clustering algorithm was proposed and 

implemented called the PSO-K algorithm. The proposed algorithm consists of Three 

steps; step1: The K-means algorithm is used to partition the WSN into a number of 

clusters based on the optimal number of clusters and generate a candidate list of SNs.  

Step2: the PSO algorithm selects the best CH with the highest residual energy, 

centrality, and less distance from BS for each cluster. Step3: executes the simulator 

tool in order 1to evaluation of the performance of the proposed system. The proposed 

PSO-K algorithm showed an average improvement of about 52% over the LEACH 

protocol and about 54%, over the EAMMH protocol, and about 10% over the 1I-

LEACH protocol.  

5.2 Conclusion 

             This study focused on selecting suitable deployment and clustering techniques 

with a WSN environment. Also, this study focused on CH selection and cluster 

formation via optimization algorithms.  This study also focused on the problem 

related to the placed a CH at the edge of the network cause more energy 

consumption. Another problem related to build clusters when SNs located near BS 

and connected with far CH. Matlab simulator is used for simulating the proposed 

protocol and compared the results with LEACH, EAMMH, and I-LEACH with 

energy consumption terms and the improvement in lifetime. All results show that 

the network performance of the proposed scheme is better than previously proposed 

clustering techniques.  
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           The major necessary stage in designing any new WSN is deploying the SNs 

in suitable techniques in order to decrease the number of deployed SNs and maintain 

the connectivity and coverage of the interest of the area.  

1) The simulation results prove that the random deployment technique is less 

energy consumption as shown Table (4.2).  

2) The simulation results prove that the K-mean algorithm is the acceptable as 

show Tables (4.3), (4.4) and Figure (4.6) which are present that energy 

consumption is less among others.   

3) Tables (4.5) and Figure (4.7); present the number of round effects on energy 

consumption.  

4) Table (4.6) and Figure (4.8) present that the number of CH is effect on the 

energy consumption and k-mean is acceptable in energy consumption.   

5) Table (4.7) and Figure (4.9) present the number of round effect on the energy 

consumption. Probability of CH number effect on the energy consumption. 

And k-means is the acceptable in energy conservation among the four 

clustering methods.  

6) Tables (4.8 and 4.9) and Figure (4.10) present that the number of round effect 

on the energy consumption. And in round 400 to 500 increase the energy 

consumption and leads to increase the dead nodes. And k-mean is the best 

clustering algorithm in energy conservation among the clustering methods.  

7) Table (4.10) and (4.11) and Figure (4.11), present that the K-mean with 

optimal N and K is less energy consumption.  

8) Table (4.13) and Figure (4. 13) display that FDN in round 1000 is dies at 13 

rounds in LEACH whereas for EAMMH is at 23 rounds. I-LEACH is at 40. 

PSO-K is at 41. Proposed PSO-K algorithm is the best.   

9) Table (4.14) and Figure (4.14) present comparison used HDN metric. If round 

is 500, HDN in LEACH is done in round 95 and in EAMMH in round 100 

whereas I-LEACH in round 250. So, HDN with proposed PSO-K is done in 

round 285. If round is 1000, HDN in LEACH is done in round 90 and in 

EAMMH in round 112 whereas I-LEACH in round 260. So, HDN with 

proposed PSO-K is done in round 278. The proposed PSO-K is accepting.  

10)Table (4.15) and Figures (4.15) and (4.16); present comparison used LDN 

metric. If rounds are 500, LDN in LEACH is done in round 497 and in 

EAMMH in round 500 whereas I-LEACH that 21 alive nodes and 79 dead 

nodes at end of 500 round. So, LDN with proposed PSO-K is 38 alive nodes 
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and 62 dead nodes at the end of 500 rounds. When rounds are 1000, LDN is 

done in LEACH at round 500 when EAMMH at 345 round whereas 6 alive 

nodes and 94 dead nodes in I-LEACH at end of round 1000. But, LDN with 

proposed PSO-K alive nodes are 10 and 90 dead nodes in proposed PSO-K at 

end of round 1000. The proposed PSO-K is accepting. 

11) Figures (4.18) and (4.19) present that the proposed PSO-K algorithm is 

best in distributed nodes in the interest of area. And the proposed PSO-K 

algorithm select optimal CH far from edge and far from BS. 

12) Table (4.16) and Figure (4.20) presents that the average energy 

consumption for the proposed algorithm is less.   

13) Figures (4.22) present that the proposed PSO-K algorithm improve the 

cluster information process via applied both optimal number of cluster (K) 

and Euclidian distance. 

14) Figures (4.24), (4.25) and (4.26) present that the proposed PSO-K 

algorithm solve the sensor nodes at edge problem by prevent them become as 

CHs. 

15) Figures (4.29) and (4.30); present that the proposed PSO-K algorithm 

solve the sensor nodes near BS by make them communicate BS directly. 

 

5.3 Future Works 

1. Build models Using mobile nodes to collect the data from the sensing field. 

2. Develop a deterministic deployment model for a small area that is suitable for 

WSNs. 

3. Suggest a scheduling algorithm that assigns a high priority for the necessary 

packets.     

4. Apply metaheuristic algorithms to develop shortest path algorithm that 

suitable with WSNs.  

5.  In the future works can be additions to security features as well as for moving 

nodes. 

6. Applied NS-2 as a simulator tool.  
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 الخلاصة

 

 

في مختلف المجالات  WSNsنوعًا مهمًا من الشبكات اللاسلكية. يتم تطبيق  تمثل شبكات الاستشعار اللاسلكية

تتميز هذه  مثل المجالات الصناعية والعسكرية والزراعية والطبية وغيرها من المجالات المدنية أو العسكرية.

أيضًا من قيود  تعاني الكنه نشرها ورخص ثمنها.الشبكات بخصائص وميزات مثل صغر حجمها وسهولة 

 اهمهاأيضًا من العديد من التحديات  WSNتعاني شبكات ة. سبوالطاقة والذاكرة والحقيود في مختلفة مثل 

 .WSN شبكات ال يعد استهلاك الطاقة أحد أهم العوامل التي تؤثر على كفاءة وموثوقية حيث استهلاك الطاقة.

يمكن تصنيف بروتوكولات  .او العنقدة التجميع طريقة هيحد أهم الطرق لتحسين أداء الشبكات اللاسلكية 

بناءً على بنية الشبكة إلى بروتوكولات توجيه ثابتة وبروتوكولات قائمة على الموقع  WSNالتوجيه في شبكات 

 وبروتوكولات توجيه هرمية.

من خلال خوارزميات العنقدة ركزت هذه الأطروحة على تطوير بروتوكولات التوجيه الهرمي بناءً على 

 المساهمات التالية.

. هذا العدد الأمثل من المجموعات التي يتم انشاءهاالعدد الأمثل للعناقيد  لتحديداقتراح واشتقاق نموذج رياضي 

 .k-meanالأخرى مثل  العنقدةتكراري بواسطة طرق  هو أفضل رقم ممكن يمكن الوصول إليه بشكليكون 

إلى ثلاثة قطاعات. القطاع الأول هو  المراد مراقبتهااقتراح واشتقاق نموذج رياضي آخر لتقسيم المنطقة 

،  Rبقطر يساوي نطاق اتصالات المستشعرات  BS بالمحطة الأساسية  ة او القريبة منالمحيط المستشعرات

، في حين  التي تم نشر المستشعرات فيهاحافة أو حدود المنطقة  تشعرات التي تقع فيالمسوالقطاع الثاني هو

 أن القطاع الثالث هو باقي منطقة المنتشرة )بين القطاعين(.

ختيار لأ K-meanوخوارزمية التجميع  PSO تحسين السرب خوارزمية ح خوارزمية هجينة تجمع بين ااقتر

CH  الأمثل للمجموعات التي تم إنشاؤها. تسمى هذه الخوارزمية الهجينة في هذه الأطروحة خوارزمية    

PSO-K التختارو CH  والمسافةبناءً على الطاقة المتبقية. 

 والعدد الأمثل للعناقيد.  Euclidian مقياساقتراح تقنية مثالية لتشكيل العناقيد تعتمد هذه التقنية على كل من  

مشكلة أجهزة الاستشعار الموجودة على حافة الشبكة. يمنع هذا لأمثل  لأيجاد حلراح وتنفيذ نموذج رياضي اقت 

الموجودة على حافة الشبكة  SNsلا يمنح النموذج الرياضي المقترح  CHs هذه العقد من أن تكون  الموديل

 . CHأي فرصة للعب دور 

. أجهزة الاستشعار BSمن  قريبةعلى مسافة  الموجودة SNsمثل لمشكلة أحل لأيجاد رياضيً موديل اقتراح  

مع  بالاتصالوفقاً للنموذج المقترح. يسُمح لهذه المستشعرات  CHغير قادرة على لعب دور  BSالقريبة من 

BS .مباشرة 

هي معدل استهلاك الطاقة ،  المستخدمة أهم المقاييس.  MATLAB تم تقييم أداء النظام المقترح باستخدام 

تمت مقارنة نتائج هذه الأطروحة مع البروتوكولات مثل بروتوكولات و دورةعدد العقد الحية والميتة في كل و

LEACH  وEAMMH  و  ILEACH   .  أظهرت خوارزميةPSO-K  52المقترحة تحسنًا بحوالي ٪

-Iول ــبروتوك على٪ 10وحوالي  EAMMHبروتوكول  على٪ 54وحوالي  LEACHعلى بروتوكول 

LEACH. 

 

 

 

 

 

 

 

 



 
 

 

 

 
 

 

 
 
 

 

 
 اطروحة 

  كجزء لومات جامعة بابلمقدمة الى كلية تكنوولوجيا المع

دكتوراه فلسفة في تكنولوجيا المعلومات/ شبكات ال نيل درجة متطلباتمن  

 المعلومات

 

 
 من قبل

 حريب ابراهيم سلمان ذياب

 

 

 بأشراف 

  جونسون برينسي ميرلينأ. د.               الجبوري حسوند. سعد طالب  .أ

 

  
 

 

 

 جمهورية العراق

 وزارة التعليم العالي والبحث العلمي

 جامعة بابل

 كلية تكنولوجيا المعلومات 

شبكات المعلوماتقسم   
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