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ABSTRACT    

Wireless sensor nodes are battery-powered nodes that detect and gather data in areas where there 

are no opportunities for charging batteries. They use the majority of their battery to send data to 

the sink (base station) for any purpose. As a result, we must consider sensor node energy 

consumption as a crucial component in extending the Wireless Sensor Network (WSN) lifetime. 

Another major consideration in WSN is the mobility issue. Because it is difficult for a mobile sink 

to visit each sensor node, scheduling the mobile sink is a focused issue. Rather than visiting all of 

the sensor nodes, the mobile sink gathers data from the Cluster-head (CH). The data is sent to CH 

by other sensor nodes.  The existing works centralized mobile Low-Energy Adaptive Clustering 

Hierarchy (LEACH-CM) and centralized distributed Low Energy Adaptive Cluster Hierarchy 

(LEACH-CDM) provide several benefits in terms of reducing energy consumption and increasing 

the amount of data received by the base station (BS). However, the degradation of network 

performances in terms of the amount of data received by BS caused by packet loss due to non-

recognition of the BS position, the trajectory design of the mobile sink (MS), and the in efficient 

energy. To overcome this problem, we have proposed cluster-based optimal data gathering routing 

protocols with mobile sink design (COMSD). The proposed COMSD was select an efficient CH 

based on node density, energy consumption rate, inter-cluster distance, residual energy; optimal 

data gathered based on CH energy, path length, and cluster size with mobile sink by using particle 

swarm optimization (PSO) to overcome the problem. The implementation of our work COMSD is 

simulated by using the MATLAB2021a tool. The performances of the proposed works have 

evaluated by using throughput, the number of alive and dead nodes, and the network's remaining 

energy. The proposed work was compared with the two existing LEACH-CM and LEACH-CDM. 

So, the simulation results indicated that the COMSD improves the alive nodes by 44.08% over 

LEACH-CM and by 33.8% over LEACH-CDM, throughput by 38.01% over LEACH-CM and by 

13.03% over LEACH-CDM, and the network remaining energy by 40.6% over LEACH-CM and 

by 27% over LEACH-CDM. Therefore, this study concludes that COMSD indicates a better 

improvement in all performance metrics that shows efficient results over existing works.  

Keywords: WSN, COMSD, LEACH-CM, LEACH-CDM, PSO, CH, MS, Cluster-based optimal 

data gathering 
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CHAPTER ONE                                                    

INTRODUCTION 

1.1. Background of the Study  

Wireless Sensor Networks (WSNs) are utilized for a variety of monitoring services and 

applications that require less time to operate. Recently, mobile-aided WSNs have been used to 

address complicated tasks such as target tracking, telemedicine, augmented reality, assisted living, 

the Internet of Things (IoT) or machine-to-machine communication, and ultra-high-resolution 

video, among others. Sophisticated applications benefit from the efficient, reliable, and timely 

collecting of large amounts of data (Bensaleh et al., 2020). These networks are made-up of a huge 

number of sensor nodes that are densely distributed and communicate wirelessly to send and 

receive environmental data. One or more sensors, a radio transceiver, a processor, and a power 

supply portion are all included in each sensor node. It also has several characteristics that make 

them unique from other networks, including the lack of infrastructure, unreliable links among 

sensor nodes, densely deployed sensors, and battery-constrained nodes. 

Furthermore, the lack of reliable data collection methods affects the overall network's lifespan 

(Yalçın & Erdem, 2020). Clustering is the well-known approach to topology control management 

in WSNs, which groups nodes to manage and design various duties such as node resource 

management in a hierarchical and distributed manner (Daas et al., 2021; Shahraki et al., 2020; Yu 

et al., 2014).  It is the process of grouping nodes in a network based on predefined criteria. The 

cluster head (CH) is the cluster member’s leader, which collects data, aggregates data, and 

transmits data to the MS. For effective data transmission, it is critical to use appropriate routing 

algorithms between sensor nodes and MS nodes (Yalçın & Erdem, 2020).  

While many current data collection procedures rely on clustering, establishing the appropriate path 

and making CH selection efficient in WSN is a difficult task. As a result, the core of this work is 

to design cluster-based optimal data gathering routing protocols with mobile sink (MS). While the 

movement of the sink node provides significant benefits to the WSN, routing mechanisms cause 

data management and communication challenges (Daas et al., 2021).  

So, routing techniques that must be modified to deal with mobility are classified as location-based, 

hierarchically-based, and flat routing protocols, based on the network architecture (Yu et al., 
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2014). Compared to other, hierarchically-based routing approaches provide improved network 

performance in terms of energy efficiency (Yalçın & Erdem, 2020), scalability, and network 

lifetime extension for WSNs with MS (M. K. Khan et al., 2021). In this area, a clustering technique 

results in no overlapping clusters with a CH (Shahraki et al., 2020). However, by selecting a CH 

based on varied mobility patterns, it is necessary to develop a routine plan between sensor nodes 

and the mobile sink. Sink mobility has been identified as a cost-effective way to boost network 

performance in WSNs. But, there is a problem with optimal data gathering within the mobile sink. 

Because it is difficult for a mobile sink to visit each sensor node.  

In this study, we used Particle Swarm Optimization (PSO) algorithms to address the optimization 

problem and present the cluster-based optimal data gathering routing protocol with mobile sink 

design (COMSD). In this case, PSO is utilized to choose an efficient cluster head based on four 

factors such as inter-cluster distance, node density, energy consumption rate, and residual energy. 

These algorithms contain some characteristics that make them effective for solving optimization 

issues in the real world, such as reasonable processing times, the capacity to identify global 

optimal, and applicability. The cluster heads were arranged in ascending order to gather data 

optimally by using a mobile sink based on the energy of the cluster head, the path length, and the 

cluster size. 

We have employed a strategy to achieve these research objectives by using credible resources, 

studying related work, problem formulation, designing the proposed solution, and simulating the 

proposed work by Matrix Laboratory Version 2021a (MATLAB2021a). Compare the proposed 

COMSD with the existing Centralized Mobility (LEACH-CM) and Centralized Distributed 

Mobility (LEACH-CDM). Assess the proposed work with the existing works, by typical 

performance metrics such as the number of alive and dead nodes, throughput, and the network 

remaining energy.  

1.2. Motivation of the Study  

Sensor nodes are battery-powered nodes that detect and gather data in areas where there are no 

opportunities for charging batteries. They use the majority of their battery to send data to the sink 

(base station). As a result, we must consider sensor node energy consumption as a crucial 

component in extending the WSN lifetime. Another major consideration in WSN is the mobility 

issue. Because it is difficult for an MS to visit each sensor node, scheduling the mobile sink is a 
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focused issue. Rather than visiting all of the sensor nodes, the mobile sink gathers data from the 

Cluster-Head (CH). The data is sent to CH by other sensor nodes. Until now, many approaches are 

developed by many researchers to address the above-mentioned problems in WSN (Huang et al., 

2019) (Sahoo et al., 2020). Most of the existing methods use cluster-based routing mechanisms to 

address the above problems. In cluster-based routing the way clusters are formed, cluster heads 

are selected and sensed data are gathered optimally by mobile sink has its impact on forming an 

energy-efficient network (Kurian et al., 2021) (Alsaafin et al., 2018). The above issues are the 

primary motivation for this study to propose the design of cluster-based optimal data gathering 

routing protocols for WSNs with mobile sink (MS) to reduce energy consumption and increase the 

lifetime of the network.  

1.3. Statement Problem 

Effective cluster-based data collection strategies were presented by (Sahoo et al., 2020) to address 

the data loss problems, which could result in energy loss. So, the effectiveness and performance 

of the network are damaged. The optimal cluster heads, those that consume less energy for 

transmission, are chosen in this paper. For the best route for the MS, the author additionally uses 

ACO algorithms and the data aggregation procedure is used to improve the functionality and 

effectiveness of the system. However, the author will extend his work with various clustering 

algorithms in this paper to efficiently aggregate mobile sink nodes. 

In (Roy et al., 2021), an energy and coverage-aware hierarchical routing protocol was proposed, 

which alleviates the energy-hole problem using restricted mobile sink motion. The objective is to 

increase the coverage lifetime while reducing communication and computation overhead. The 

author can form the cluster and select the CH based on only residual energy and distance with the 

member node and the optimal sojourn locations of MS for data collection and the energy and 

buffer-constrained MS was not considered. 

LEACH-CM provides several benefits in terms of reducing energy consumption and increasing 

the amount of data received by the base station. It allows coverage of the entire network which 

solves the problem of isolated nodes. However, if the number of CHs exceeds 3% of the total 

number of sensor nodes, it will have a detrimental impact on the network's performance in terms 

of the number of packets the BS can receive and the network's lifetime. The degradation of 

LEACH-CDM performance in terms of the amount of data received by the base station (BS) is 
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caused by data loss due to non-recognition of the exact position of BS but the BS has changed its 

position. The problem here is the BSs speed is uncontrollable (Mechta & Harous, 2016).  

The issue of data collection in a delay-tolerant WSN with an MS is discussed by (Huang et al., 

2019). The use of compressive sensing and clustering was the key contribution of this author. 

When using compressive sensing, measurements are sent between clusters and a mobile sink 

whereas in a cluster the raw reading is transmitted. The analytical cluster radius is produced by the 

author using an analytical model for energy usage by the suggested data collection approach. The 

performance of the suggested solution is impacted by problems like packet loss and node failure 

which the author does not consider in this study. Therefore, in this works the following research 

problems on the existing works are addressed: 

 The inefficient cluster-based data gathering will increase packet losses, reduce the 

throughput of the overall networks, does not consider energy consumption and the MS 

trajectory design, and energy efficiency is not considered.  

 So, there is a necessity for optimal data gathering techniques with an MS that solves the 

above issues and improves the network performance over the existing works.  

 By considering this into account, the existing work LEACH-CM and LEACH-CDM are 

trying to solve the problem of inefficient cluster-based data gathering with mobile sink.  

 The above issues are solved by the proposed COMSD which is simulated by 

MATLAB2021a.  

1.4. Research Question 

By considering the above critical issues, the following questions are going to be answered by this 

thesis work: 

 What is the effect of optimal data gathering issues on the network performance in WSNs?  

 How do we select cluster head nodes in an efficient way? 

 How to design a cluster-based optimal data gathering routing protocol with the mobile sink? 

 How do we evaluate the performance of the proposed work against existing works? 
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1.5. Objective of the Study  

1.5.1.  General Objective 

The main objective of this study is to design a cluster-based optimal data gathering routing protocol 

for Wireless Sensor Networks with a mobile sink by using Particle Swarm Optimization. 

1.5.2. Specific Objectives  

The following point objectives are specifically targeted at achieving the general goal and be 

performed during the study. 

 To study the effect of optimal data gathering issues on the network performance in WSNs.  

 To choose the cluster head efficiently by using PSO. 

 To design cluster-based optimal data gathering routing protocol with mobile sink. 

 To evaluate the performance of the proposed work with LEACH-CM and LEACH-CDM. 

1.6. Methodology of the Study 

The following methods are used to accomplish the above objectives and answer the research 

question. The general methodology for our proposed work was designed in Figure 1.1 as follows:  

  

Figure 1.1 Methodology of the proposed study 

1.6.1. Literature Review 

In this study, all possible references, journals, and published papers are analyzed regarding a 

cluster-based optimal data-gathering routing protocol for WSN with a mobile sink. As a reference, 

we use credible databases, such as the Institute of Electrical and Electronics Engineers (IEEE) 

Explore, Springer, Elsevier, and the Association for Computing Machinery (ACM) library. 
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1.6.2. Problem Identification 

In this study, finding the primary limitations of the current research thesis on cluster-based optimal 

data gathering routing protocol for Wireless Sensor Networks with MS is very important.  

1.6.3. Design Proposed Solution 

In this phase, a cluster-based optimal data gathering routing protocol for Wireless Sensor Network 

with a mobile sink is designed to increase network lifetime and reduce energy consumption. The 

workflow of the proposed solution is determined through different mechanisms, like pseudocode 

and flowchart. 

1.6.4. Simulating the Proposed Solution 

 The hardware and software tools used to simulate the proposed work are shown in Table 1.1.   

 Table 1.1 Hardware and Software Tools 

 

1.6.5. Performance Evaluation 

Evaluate the proposed work based on the performance metrics used to compare it with the existing 

work such as the number of alive, dead nodes, throughput, and network remaining energy.                      

1.6.6. Result analysis and Discussion 

This phase discusses the research outcome based on the simulation result. Charts and diagrams 

show their result output and tables using MS Excel 2016 to visualize simulation results using the 

graph and MS office word as a writing tool for this thesis.  

1.7. Significance of  the Study 

Designing cluster-based optimal data gathering routing protocols with mobile sink is required for 

reducing energy consumption and increasing network lifetime. So, this study will have very 

essential benefits in different aspects. Some of them are listed as follows:    

 Hardware tools Software tools 

1 RAM: 8GB Simulation tools: Matlab 2021a 

2 Hard Disk Drive: 1TB Operating system: Windows 10 Pro 

3 Operating System Type: 64-Bit Based Processor  MS word and Excel 2016 

4 Intel i5 with CPU 3.20 GHz EdrawMind Software: to draw 

different diagrams and flowcharts. 
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 Military:  the developed proposed solution purposes to reduce the early loss of the network 

which is deployed for monitoring many applications in military-like: 

 Detection of enemy movements 

 Intrusion detection 

 Environmental area: the developed proposed solution focuses on enhancing the lifetime 

of the network which is deployed for monitoring harsh environmental areas such as: 

 Detection of forest fire 

 Prevention of natural disasters 

 National Park: in the national park the proposed solution has benefits for: 

 Habitat monitoring 

 Wildlife(animal) tracking 

 Search and rescue, etc. 

 For Researchers: researchers can utilize it as a starting point for better optimization 

1.8. Scope and Limitation of the Study 

1.8.1. Scope of the Study 

In this study, we have assumed that a WSN environment field (200x200m2) is simulated with static 

sensor nodes (100) and only one mobile sink. The start position of the sink node was from and to 

the center of the field. Our work target was to design a cluster-based optimal data gathering routing 

protocol for Wireless Sensor Network with a mobile sink, to increase the network lifetime and 

reduce energy consumption. In this work, we have used PSO algorithms for the selection of CH. 

Particle swarm optimization gives a higher network lifetime, reduces energy consumption, and 

delivers more data to the base station compared to GA, K-means, LEACH-C, and LEACH. 

Therefore, In our cases, we have used PSO for the selection of an efficient CH, and the mobile 

sink node was used to gather optimal data based on fitness parameters such as CH energy, path 

length, and cluster size. The proposed work COSMD has been simulated and verified by using the 

MATLAB 2021a simulation tool and compared with the existing works LEACH-CM and 

LEACH-CDM. We have evaluated the performance of the proposed work with the existing work 

by using the performance metrics such as number of alive nodes, number of dead nodes, 

throughput, and network remaining energy.   
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1.8.2. Limitation of the Study 

Our work doesn’t consider the real deployment of the network, mobile sensor nodes, and security 

issues in wireless sensor network, since there are different attacks and intrusions in a wireless 

sensor network that needs its work. Due to the requirement of additional study and scope 

constraints, these problems were not considered. 

1.9. Application of The Study 

This study contributes to optimal data gathering with mobile sink in WSN using particle swarm 

optimization. This study addresses the optimization problem in data gathering with MS. In this 

work, PSO is used to select an efficient cluster head based on residual energy, inter-cluster 

distance, node density, and energy consumption rate. The simulation would be performed by 

comparing the proposed work COMSD with existing works LEACH-CM and LEACH-CDM by 

using MATLAB2021a as a simulation tool. Consequently, our work reduces energy consumption 

and increases the network lifetime in WSNs. This work is crucial for numerous applications, 

including the military's need to identify enemy movement and intrusions, the environment's need 

to detect forest fires and prevent natural disasters; in industries, the sensors could sense any leakage 

and raise alert before any disasters event like fire, etc. and researchers can utilize it as a starting 

point for better optimization. 

1.10. Organization of The Study 

This remaining research work is organized in the following chapters besides this chapter one, 

which includes a background of the study, a statement of the problem, the objective, significance, 

and delimitation of the study. Chapter two covers a literature review, which gives a detailed 

overview of the study area, various related techniques, and a review of related works as well as 

challenges of the domain. Chapter Three discusses the proposed work COMSD design technique 

for wireless sensor networks. Chapter Four deals with the simulation activity undertaken to 

implement our proposed work described in chapter three, the methodological data used, simulation 

setup, and the results of the simulations will be discussed. Finally, Chapter five provides a 

conclusion, the output of the study, and future work.  
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CHAPTER TWO 

LITERATURE REVIEW AND RELATED WORK 

A literature review has been conducted to get a detailed understanding of the basic wireless sensor 

network. Basic concepts and related works are done on wireless sensor networks such as their 

routing protocols, routing design, architecture, and application of wireless sensor networks, and 

network simulations have been evaluated and studied by conducting a literature survey. We studied 

different research articles, and papers including books to take as input for our work. 

2.1. Overview of Wireless Sensor Network 

Wireless sensor networks have gained in popularity in recent years and they have a lot of potential 

in a variety of applications, including health, environment, and military. Despite its impressive 

capabilities, the successful creation of WSNs remains a difficult challenge ( Bensaleh et al., 2020). 

The wireless sensor network design is made up of nodes that monitor variables such as 

temperature, humidity, pressure, location, vibration, sound, etc. WSN architecture is divided into 

two types: layered (comprising five layers and three cross layers) and clustered network 

architecture. Energy consumption, location, coverage, clocks, computation, cost of production, 

design hardware,  mobility, and quality of service (Bensaleh et al., 2020) are all design issues in 

WSN architecture. Wireless sensor networks are also defined by power consumption restrictions 

for nodes with batteries, capacity to handle node failures, node mobility and heterogeneity, 

scalability to a high scale of distribution, ability to ensure stringent environmental conditions, ease 

of use, and cross-layer design.  

A WSN is made up of a few to hundreds of thousands of sensor nodes that communicate in wireless 

media over a wireless channel to share information and process associated applications. By placing 

queries into the wireless sensor network sink node dataset, an end-user can acquire information on 

what piques his or her interest. In wireless sensor networks, base stations or sink nodes acts as a 

gateway between end-users and the entire network. Because wireless sensor networks can be 

connected to the internet to enable information exchange, they are often referred to as distributed 

databases. WSNs are composed of numerous separate nodes that can communicate with the outside 

world by sensing or regulating physical factors. These nodes employ wireless communication to 

cooperate to perform their tasks since a single node is unable to do so. The ability to cope with 

node failures, nodes' dynamic mobility and network topology, frequent communications failures, 
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the presence of heterogeneous nodes, scalability to large-scale deployment, and ability to 

withstand harsh environmental conditions, as well as nodes' severe power constraints, are all 

important characteristics of a WSN. 

As a result, wireless sensor networks are a hotbed of research into new models, algorithms, and 

protocols.  

Here are some characteristics of wireless sensor networks: 

 Low power usage and consumption: sensor nodes have a low power usage and consumption 

that is determined by a specialized power usage algorithm. 

 Limited communication range: depending on the application and usage, the communication 

range of nodes with each other and sink nodes varies from a few meters to hundreds of 

meters. 

 Constrained storage capacity: sensor node storage capacity and computational processing 

capacity are both limited.  

 Dynamic network: wireless sensor networks are made up of many nodes, and it is well 

known that some of them will die in the network during communication and data 

processing due to energy and other factors. As a result, this wireless sensor network is 

dynamic to extend the network's lifetime. 

 Massive data flow: a large amount of data is collected from low-level sensors and 

transported to a high-level or sink node. As a result, a wireless sensor network has a lot of 

data flowing across it.  

2.2. Components of sensor node 

Energy limitations are imposed by Wireless Sensor Networks. Energy can be saved and the load 

on the sensor nodes can be balanced by deploying a mobile sink. Wireless Sensor Network has 

become a critical technology for many applications in today’s environment. They are typically 

used in situations where human control is impossible, such as on the battlefield, in the jungle, in 

space, underwater, and in a variety of other places. A sensor node consists of four components:  

1.Sensing Unit: The sensing unit comprises one or more sensors and an analog-to-digital 

converter. Environmental parameters are sensed by the sensors and analog signals are 



  

11 
 

generated. Analog to Digital Converter (ADC) converts analog signals to digital signals and 

sends them to the processing unit. 

2.Processing Unit: the processing unit, is composed of a microcontroller or microprocessor 

with memory and is responsible for sensor node control.  

3.Transceiver Unit: A short-range radio in the communication (transceiver) unit is used to 

transmit and receive data through radio channels.  

4.Power Unit: The battery supply is included in the power unit.  

Other systems, such as a global positioning system (GPS) unit, can be added to detect the sensor 

node location to do other functions. The hardware components of sensor nodes are depicted in 

Figure 2.1. (Kandris et al., 2020).  

 

Figure 2.1 Components of sensor node 

2.3. Basic Structures of Wireless Sensor Network 

Air pollution, temperature, wind, pressure, and other physical and environmental factors are some 

of the conditions that may currently be monitored via wireless sensor networks. A classic Wireless 

Sensor Network structure contains four components as follows:  

1.Sensor Node: the sensors, that identify actions from the environment, perform vital 

operations on the identified actions, and direct the information to the central point or the BS. 
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2.Base station: the base station, which shapes the data collected from sensor nodes for real-

time usage,  

3.Internet: the internet, which retrieves the collected data from the network and reaches the 

end-users and  

4.End-users: the end-users, who gather the data from the network through the internet for the 

required purpose. 

 

Source: adopted from (Khan et al., 2021) 

Figure 2.2 Basic wireless sensor network structure 

2.3.1. WSN Communication Architecture 

The protocol stack's primary function is to integrate data with networking protocols and to 

efficiently communicate power via wireless sensor networks. The physical layer is necessary for 

all activities including carrier frequency generation, frequency selection, signal detection, 

modulation, data encryption, and transmission and reception. Medium access, error control, 

multiplexing and demultiplexing of data streams, and data frame detection all require the Datalink 

Layer. It also assures that the network's point-to-point and point-to-multipoint connections are 

reliable. The data link layer multiple access control (MAC) layer allows collision detection while 

using very little power. To determine the most effective route for a packet to take on its journey to 

its destination, the network layer must route the data it receives from the transport layer. When the 
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sensor network is meant to be accessed over the internet, the Transport Layer is required. It also 

assists in keeping data flowing when the application wants it. The Application Layer is in charge 

of displaying all essential information to application users as well as extending requests from the 

application layer to the layer. The five layers that make up WSNs are the application layer, 

transport layer, network layer, data link layer, and physical layer. Additionally, wireless sensor 

networks have three cross-layers task management planes, mobility management planes, and 

power management planes. 

Table 2.1: WSN communication architecture. 

 

1. Application Layer: This layer controls traffic and offers software for a range of programs 

that transform data into understandable formats or transmit requests for specific 

information. Applications for sensor networks can be found in many fields, including 

agriculture, healthcare, the environment, and the military. 

2. Transport Layer: This layer provides reliability and congestion avoidance through the 

use of a variety of protocols designed to perform this role either upstream (user to sink) or 

downstream (sink to the user). For loss detection and recovery, these methods employ 

various mechanisms. This layer is required when a system is set up to connect to other 

networks. 

3. Network Layer: This layer's primary role is routing. This layer faces numerous obstacles, 

including conservation, limited memory, and buffers, as well as the fact that the sensor 

lacks a global ID and must self-organize. The main concept behind routing protocols is to 

define a reliable way and a redundant path according to a scale that varies from protocol to 

protocol. In this layer, there are many routing protocols to choose from, which can be 

classified as flat routing, location-based routing, or hierarchical routing. 
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4. Data link layer: this layer is in charge of multiplexing data streaming, data frame 

identification, MAC, and error control, assuring point-to-point or point-to-multipoint 

reliability. 

MAC Layer: The MAC layer is responsible for channel access policies, scheduling, buffer 

management, and error control. The MAC is required in a wireless sensor network for 

protocols that prioritize energy efficiency, reliability, short access delay, and high 

throughput. 

5. Physical Layer: The generation of carrier frequencies, signal detection, modulation, and 

data encryption are all handled by this physical layer. A physical layer interface can be 

used to transport a stream of bits over a physical medium. 

IEEE 802.15.4 is the recommended standard for the low-rate personal area and wireless 

sensor networks with low cost, complexity, power consumption, and communication range 

to maximize battery lifetime. Carrier sense multiple access/ collision avoidance 

(CSMA/CA), support stars, and peer-to-peer topologies are also used. 

Cross Layers 

There are three cross-layer power management planes, a task management plane, and a mobility 

management plane in a wireless sensor network. To increase the network's overall efficiency, these 

layers are utilized to manage the network and coordinate the sensors. 

1. Power management plane: for power balancing, the power management plane can keep 

track of neighbors and power levels. 

2. Mobility management plane: this plane detects the mobility of sensor nodes and sinks 

nodes.  

3. Task management plane: is responsible for the allocation of sensing duties to specific areas. 

This plane is also utilized to distinguish which sensor nodes are inactive (sleep) and which 

are active (on).  

2.4. WSN Routing Protocols  

To facilitate effective network communication, routing protocols are used to identify paths 

between nodes. With the least amount of latency, it is utilized to build precise and efficient 

pathways between node pairs. To reduce the energy consumption of sensor networks, several 
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routing protocols have been created, depending on many factors such as network architecture, 

protocol performance, and path construction. 

2.4.1. WSN Routing Protocol Classification 

In a wireless sensor network, the routing protocol is utilized to identify the transmission path. So, 

to find the best route, we need to be familiar with WSN routing protocols. As shown in Figure 2.3, 

routing protocols can be classified based on three criteria: network structure, protocol operation, 

and path establishment (Azimiyan et al., 2012). 

               

 

Figure 2.3 Classification of routing protocols in WSN 

A. Network Structure 

Based on these criteria, routing protocols are classified into three main routings:  

 Flat-based: Three different flat routing systems, including flooding, forwarding, and data-

centric oriented routing, are included in the flat-based category of routing protocols. In a 

sensor network with a flat topology, each node has an equal role in information gathering 

(Lakrami et al., 2016). They both know the same things about the network's state. Due to 

the enormous number of sensor nodes in this type of network, it is not practical to give 

each node a unique identity (ID). As a result, the sink sends the query to a set of specific 

nodes in the region and waits for a response. This is known as a data-centric routing 

strategy. A characteristic of data that an attribute-based naming system specifies. All nodes 
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are active simultaneously because it is multi-hop routing. In flat-based routing, all nodes 

transmit data that make redundancy and lead to high energy consumption. Examples: 

 Directed Diffusion, flooding, gossiping, rumor routing, and Active Query 

Forwarding In Sensor Network (ACQUIRE) 

 Hierarchical-based routing: In hierarchical routing, one node has a higher energy level than 

the other nodes (Dv et al., 2018). This high-level node receives data from other nodes. 

While the other nodes are considered cluster members, this node is known as the cluster 

head. The two tiers of the hierarchical models are CH selection and appropriate 

transmission routing protocol selection. 

The initial energy of each node in the network, the energy remaining in each node after each round, 

the rate of energy consumption (by sensors to build clusters and convey data), and the average 

energy of the network are the criteria used to choose the CH. 

In this routing, nodes are unable to communicate to a very large distance. Therefore cluster-based, 

hierarchical routing is a good solution. Clusters are built and cluster heads are assigned in this 

routing. So when packets are transmitted to the base station, this routing implements data 

aggregation to save energy consumption. Examples:  

 LEACH, PEGASIS, Minimum Energy Communication Network (MECN), Self-

Organizing Protocols (SOP). 

 Location-based: these protocols are used in wireless sensor networks where 

communication is based on the nodes' locations (Grover et al., 2014). Geographic routing 

protocol or position-based routing protocol are other names for location-based. The 

position of nodes is addressed by this protocol. Examples: APS, LAR, GEAR, Geographic 

Adaptive Fidelity (GAF), GEDIR, and Beacon-Less Routing (BLR).  

B. Protocol Operations 

Routing protocols based on protocol operation used to satisfy WSN function categorized 3 parts: 

 Multipath-based: multi-path is used flexibly instead of a single path. When the path is 

down, an alternative path is chosen to deliver data from source to destination. Reliability 

is ensured in this routing. Examples: DD, and Sensor Protocols via Information Negotiation 

(SPIN). 
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 Query-based: A node queries another node for data, and the node that has the requested 

data responds by sending the packet back to the original node. It is used to minimize energy 

consumption. Examples: Direct Diffusion (DD), Rumor routing protocol, and SPIN 

 Negotiation: the goal of this routing is to restrain duplicate data preventing redundancy 

before the final data is transmitted. Example: Directed Diffusion (DD) and SAR. 

 Quality of service (QoS): this routing as the name indicates transfers data in an accurate 

way there are QoS metrics like delay, bandwidth, and also power consumption important 

and crucial. Example: Sequential Assignment Routing (SAR) and SPEED  

 Coherent and Non-coherent: Sensor nodes cooperate to process different data surfing the 

network. Data processing is the most important issue in the function of WSN and it may 

be done in two techniques. Coherent routing, where minimum processing is done on data 

and then forwarded to aggregators. Non-coherent routing, where the node will process the 

collected data before sending it. Examples: Single Winner Algorithm (SWE) and Multiple 

Winner Algorithm (MWE). 

C. Path Establishment-based Protocols 

In this routing protocols can be also categorized into 3 classes. Like proactive, reactive, and hybrid 

based on how the source discovers a route to the destination. 

 Proactive: in proactive, all routes are computed and added to the routing table before they 

are needed. Routing tables are continuously updated by sending periodic updates. 

 Reactive: in reactive protocols, routes are computed when needed. Updates are sent only 

when the network changes. 

 Hybrid: hybrid protocols are the combination of the two. 

2.5. The Fundamental for Clustering  

Sensing, processing, and communication are the three modes of sensor nodes, and these are all 

energy-intensive tasks. The amount of energy needed by the processor to transport a single bit of 

data is technically equal to the energy necessary to do several arithmetic operations. The heavily 

deployed sensor node network's physical environment is also redundant. Therefore, it is essential 

to combine all the elements that promote sensor node clustering in a way that is intelligent and 

only allows for the transmission of small amounts of data; this is known as clustering. Clustering 

in WSNs manages network issues related to service life and energy consumption (Alshudukhi et 
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al., 2020; Harold Robinson et al., 2017). When clustering divides the network into several groups 

of nodes. Or clusters ensure energy saving by using low-cost communication mechanisms (Gaber 

et al., 2018). A CH manages the operations of other cluster nodes in each cluster. Additionally, the 

CH establishes contact with the mobile sink. While nearby, the CH collects data, combines data, 

and transmits data to the mobile sink. 

2.5.1. The characteristics of Clustering  

Some clustering method characteristics use the internal cluster structure to classify various 

clustering protocols. The following is a summary of the definitions of each attribute in each 

clustering method: 

 Inter-cluster head connectivity: This metric evaluates the effectiveness of SNs' or CHs' 

communications with the MS or BS. The clustering method must provide additional routing 

paths to the BS in the case that the CH is unable to establish long-distance connectivity.  

 Cluster Count describes how many clusters each round produced. The cluster dispersion 

size is reduced and energy saving is improved with a bigger number of CHs. Some 

clustering techniques use pre-assigned CH selection, which allows the CH to be chosen at 

random and produce a variety of cluster densities.  

 Cluster Size: the ideal distance from the cluster head and the path length between a node 

and an individual node in the cluster. The cluster size affects how efficient energy is used 

because it reduces both the transmission distance and CH load. However, some of the 

clustering methods have a variable cluster size. 

 Cluster Density: how many common nodes there are in the cluster? It is laborious for the 

CH to reduce energy consumption in dense concentrations. The majority of clustering 

techniques use fixed clustering and choose sparse cluster densities (dynamic clustering 

techniques use changing cluster densities). 

 Message Count: the number of messages that must be transmitted to choose a CH. Energy 

consumption for the CH selection process increases as the message count increases. 

Message delivery is necessary for CH selection in non-probabilistic algorithms. 

 Stability: Clustering methods are considered fixed if the cluster members are fixed, and 

adaptive if the cluster count can be altered during the CH selection process. The stability 

of the sensor nodes is improved by adjusting the cluster count. 
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One of the problems with cluster WSNs is the optimization of the cluster density, cluster count, 

and cluster size to maximize network stability and longevity.  

2.5.2. The WSNs Clustering Objectives  

In WSN, sensor nodes are typically clustered for energy efficiency. The following is a brief 

explanation of some of the goals of wireless sensor network clustering: 

1. Load balancing: to accomplish low-energy intra-node communication and data processing, 

clustering is utilized. The CH carries out the tasks of data gathering and aggregation, long-

range communication, and data forwarding within the clustering architecture. So, the CHs 

energy degrades more quickly. To maintain energy efficiency, it is crucial to distribute 

those responsibilities among all network nodes utilizing load balancing techniques. 

2. Fault tolerance; since WSN deployment typically takes place in remote locations where 

people have limited access, such networks must be fault-tolerant and capable of elf-

reconfiguring in these environments. The network must be built in a way that prevents the 

performance of the network as a whole from being impacted by the failures of one node. 

By making adjustments at the start of predetermined periods, the adaptive clustering 

approaches overcome flaws in CHs. 

3. Scalability: Depending on the application area, a network may have one or many SN 

deployed. Universal hierarchical topologies, where the network is separated first into 

virtual layers and then into clusters, make big networks more scalable. This promotes 

network scalability and minimizes the size of the routing table because when a node in one 

cluster makes a connection with another node outside its cluster, that node needs to know 

something about the CH of the cluster of the node that desires to speak with it. 

4. Network topology: the ability of CHs to manage location changes among the nodes in their 

clusters is facilitated by the clustering of nodes into groups called clusters. As a result, it 

makes managing changes in network topology easier than in flat design, which has several 

mobile nodes. Each CH in a clustered WSN is aware of the positions and energy states of 

its members. As a result, the CHs’ immediately record and reports a nodes death or its 

relocation to another cluster 

5. Lifetime: extending the network lifespan as long as feasible is the main problem in WSNs. 

By utilizing clustering techniques that adhere to all the emphasized qualities, it is thought 
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that this goal can be accomplished. For instance, placing CHs at the center of the node will 

guarantee that the CH role is rotated across all of the network nodes and that sleeping 

techniques are used effectively to extend the network's lifetime. 

6. Data aggregation is crucial to avoid the transmission of similar packets over the network 

since wireless sensor networks have a high degree of data homogeneity. The majority of 

data aggregation techniques rely on signal processing. A common data aggregation 

technique in wireless sensor networks aggregates all of the receiving packets into a single 

output packet.in flat architectures, all nodes must send their data to the BS over a direct or 

multi-hop connection. Some data aggregation techniques, however, are restricted to flat 

structures with data-centric applications. By reducing the overall network load, clustering 

enables data aggregation in the CHs, enhancing energy efficiency. 

2.5.3. Recent issues in Clustering 

In a wireless sensor network, communication consumes more energy. The largest portion of energy 

consumption in WSNs is accounted for data communication and intra-node communication. The 

heterogeneous nature of the sensor nodes, the equal energy levels of all the SNs, and the uniform 

processing power and memory of the nodes are the main issues with the majority of WSN 

clustering protocols (Bhushan & Sahoo, 2018). In a heterogeneous network, where nodes have 

varying bandwidths, energy sources, and processing and computational capacities, this issue does 

not exist.  

1. Energy: the majority of the energy used by the SNs is used for computation and 

communication activities. Because the network life depends on the battery life of the 

sensors, energy conservation extends the WSN's useful life. 

2. Node deployment: in a WSN the node deployment can be carried out either manually or at 

random. Utilizing different node deployment strategies, manual node deployment entails 

manually deploying the nodes. The nodes must adhere to a predetermined routing path 

when using this type of setup(Randhawa & Jain, 2017). In random node deployment, the 

sensors are haphazardly distributed throughout the sensing environment. 

3. Coverage: this refers to the region that the deployed nodes can physically cover; high 

coverage reflects the effectiveness of the sensor nodes in keeping an eye on the intended 

area. The ability of the nodes to begin communication with the BS and nearby nodes is 
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referred to as connectivity. The deployment of enough nodes to monitor a specific area is 

made possible by network coverage and connectivity. 

4. Data aggregation: because SNs in a given location can detect similar data simultaneously, 

the CHs become redundant (Y. Liu et al., 2019). Energy will be wasted as a result, as it 

will take more energy for the CHs to process the extra data from the nodes, which will 

reduce network performance and lifespan. 

5. Fault tolerance: several variables, including energy depletion, physical and environmental 

circumstances, and others, can impact how well SNs in the network function  (Mohapatra 

& Rath, 2020). The performance of the network can be impacted by a single node failing. 

So, to be usually recoverable in the event of failures, WSN protocols must be designed to 

be fault-tolerant and responsive to environmental changes. 

6. Localization: this technique involves mounting GPS devices on the SNs to determine the 

placements of sensor nodes. But this is an expensive strategy that cannot be used in many 

applications (Nemer et al., 2021). The deployed localization algorithms in WSNs use 

methods that are economical while attempting to reach the node's coordinates. 

7. Network dynamics: most network applications are created with static nodes, and in such a 

configuration, node mobility is not allowed after deployment. Some applications use BS 

and flexible nodes in their design. Nodes in these networks can move around to adapt to 

service demands. Due to the frequent changes in the network's topology and route path, 

mobile sink node routing is a challenging task. 

Clustering for Data Aggregation 

Many studies have found that clustering has a significant impact on various sensor network 

performance measures when compared to non-clustering. In a wireless sensor network, sensor 

networks are combined to address scalability difficulties. Clustering is the chosen approach to 

avoid information overload and redundancy in wireless sensor networks. Communication 

overhead, management delay, and management complexity become limiting concerns in network 

performance if all sensor nodes are managed directly by the base station. Researchers defined 

clustering as the grouping of numerous sensors, usually within a geographic neighborhood, into a 

cluster administered by a cluster head. In comparison to non-clusters, clustering adds a slew of 

new features to the wireless network. 
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Channel accessing strategies are among the resource management mechanisms. Furthermore, 

clustering transfers management responsibilities from the sink (BS) to the cluster heads, allowing 

for data fusion, local decision-making, local control, and energy conservation (Sivalingam, 2005). 

Figure 2.4 depicts a network model with clustering and three clusters, each of which has sensors 

that communicate with the cluster head in charge. 

 

Figure 2.4: Clustering 

2.6. Mobile Sink in WSN 
The application area where the WSN is being deployed determines the mobility patterns of the 

sink node. In (M. I. Khan et al., 2013; Y. C. Wang & Chen, 2019), a fair description of the 

classification of sink mobility patterns have been given: 

1. Random mobility: Since the mobile sink does not require network information, it is 

the most basic type of mobility in WSN. Unfortunately, due to frequent updates to 

sink location and route reconstruction as necessary, this design does not offer the 

best lifetime enhancement; 

2. Predictable mobility, also known as deterministic mobility, occurs when a mobile 

sink regularly visits a set of sensor nodes to collect data, allowing the sensor nodes 

to anticipate the mobile sink's arrival time and location; 

3. Controlled mobility: Also known as optimal mobility, this method bases the sink 

node's data collecting path on network factors such as the node's residual energy, the 

location of events, and the sink speed.  

Additionally, the mobile sink travels to specific nodes at predetermined intervals and begins 

gathering sensed data until the node's buffer is empty. The use of the mobile sink for gathering and 

disseminating sensory data was motivated by the difficulties associated with the static sink in 
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multi-hop and dense WSN. As a result, the following are the primary benefits of adopting mobile 

sinks (Waheed Khan et al., 2014) in WSN: 

 Increasing network stability by collecting data from nodes in single or limited hop 

transfers, which reduces contention and collisions while accessing the wireless 

medium; 

 Enhance the hotspot area by lowering reliance on relay nodes located closer to the 

static sink, which increases network longevity; 

 Improve network connectivity as data can be collected from remote sensor nodes 

by mobile sinks; 

 A sporadic network architecture indicates cheaper application costs because fewer 

nodes are needed and mobile elements like vehicles, trains, animals, etc. are 

present. 

2.7. Clustering and Optimization Algorithms 

2.7.1. Particle Swarm Optimization 

To solve NP-hard problems that cannot be solved by existing methods within a particular time 

frame, optimization approaches are being developed. Even though they may fall short of proving 

to be the best solution, metaheuristics offer a comprehensive solution to such NP-hard issues (Gao 

et al., 2020; Nguyen et al., 2019). To achieve optimal energy utilization in WSNs, clustering 

algorithms and metaheuristics are combined (Al-Mekhlafi et al., 2019). Together, they jointly find 

the best answers. Numerous metaheuristics, such as swarm intelligence, approximation algorithms, 

and evolutionary algorithm-based techniques, have been employed by researchers. We have 

concentrated on swarm intelligence using the aforementioned techniques. The natural life cycle of 

various animals or insects served as inspiration for the algorithms in this area. Artificial Bee 

Colony (ABC), Grasshopper Optimization, Firefly algorithm, Bacterial Foraging Optimization, 

and Particle Swarm Optimization are a few of the methods in this category. Swarm intelligence is 

a type of optimization methodology that has two characteristics in common with evolutionary 

computation methods (i.e., population-based design and stochastic search). 

A key factor in extending the lifespan of WSNs is the metaheuristic search technique known as 

Particle Swarm Optimization (PSO). Compared to previous ways, this algorithm produces results 

more quickly and inexpensively. Bird or school of fish behavior can influence particle swarm 
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optimization (PSO). When migrating in search of food, they always migrate in groups to prevent 

collisions. This reduces their individuality while looking for food, water, and shelter. The PSO 

algorithm in WSNs has been utilized in numerous studies and algorithms development. We apply 

a PSO method from nature-inspired algorithms to put the suggested methodology into practice. 

Particle swarm optimization is an approach to optimization based on swarm intelligence. 

Compared to other optimization techniques like Genetic Algorithms (GA) and K-Means, PSO has 

several advantages. It is evident that compared to GA, PSO converges significantly more quickly 

and achieves a better minimum result.  

This demonstrates that PSO, which is simpler and easier to implement than GA, can provide a 

better global minimum in the context of clustering in WSNs. The K-means algorithm's sole goal 

is to identify the most central network node; it does not, however, seek to optimize the network's 

energy efficiency. For instance, quick convergence, high-quality solutions that can escape local 

optima, and simplicity of execution on hardware or software (Elhabyan & Yagoub, 2015, Paffrath 

et al., 2002). PSO has been incorporated by numerous centralized clustering protocols to enhance 

the CH selection since its efficiency in tackling NP-hard problems. The PSO is popular for WSN 

clustering; because clustering is a repetitive process, the more straightforward the optimization 

technique, the more efficient the network.  

2.7.2. Comparison between PSO, GA, and K-means 

Compared to GA and K-means, the PSO technique converges much faster and produces a better 

minimum result (Abdul Latiff et al., 2007). Particle swarm optimization can give a better global 

minimum than GA in the context of clustering in WSNs using the same-sized population and the 

equivalent number of maximum generations. K-mean does not the convergence rate of PSO and 

GA because K-means algorithms do not attempt to optimize the energy efficiency in the network. 

K-means algorithm is only to find the most central node in the network and node energies in the 

searching of cluster centroid are not taken into account and it affects the network lifetime. 

Therefore, particle swarm optimization gives a higher network lifetime and delivers more data to 

the base station compared to GA, K-means, LEACH-C, and LEACH. In our cases, we have used 

PSO for the selection of an efficient CH and for the sink node to gather optimal data based on 

different fitness parameters. After node deployment and cluster formation, efficient CH selection 

takes place using PSO algorithms depending on residual energy, average inter-cluster distance, 

node density, and energy consumption rate.  
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2.8. Related Work  

A WSN is made up of many nodes, with the sink acting as a specific node. Some experiments 

targeted at lowering sensor energy consumption have used the idea of a mobile sink. This mobility 

will result in a shorter distance between the sink and the other nodes, which will require less energy 

overall. Thus, the network's useful life has ended. On WSNs, mobile sinks have been created to 

improve energy usage and data distribution. The motion of the movable sink is a significant 

consideration. Random mobility, predictable or fixed mobility, and controlled mobility are three 

primary methodologies that have been proposed. 

The network structure, traffic flows, and remaining energy of nodes are believed to be unaffected 

by random walk mobility (Basagni et al., 2008). As the name implies, the sink moves in an 

unexpected or controlled manner in this technique, which means that the sink moves freely in the 

network area and selects the time to cross a segment in the region at random. Because moving the 

sink reduces the distance between it and other one-hop neighbors, static nodes will assure more 

balanced energy consumption. This result will result in a longer network lifetime. Random 

mobility can be useful for continuous monitoring, however random mobility and the sink's 

unpredictable motion can cause packet loss and delay. Despite the disadvantage of random 

mobility, the authors (Murata & Ishibuchi, 1994) show that this technique can significantly 

increase data capacity and throughput. However, the author (Sha et al., 2010) claims that the 

random walk in a WSN is unsuitable because it jeopardizes network surveillance and traffic 

analysis, and it can also result in a high data drop rate. 

A mobile sink's trajectory is entirely deterministic in predictable or fixed mobility because the sink 

always follows the same path through the network (Stevanovic & Vlajic, 2008). We can say that 

this type of mobility is appropriate in cases of congested areas and when the sink must move 

around a specific location. Because the area is congested, the sink's motion may be hindered by 

obstacles, and because the sink-fixed path causes nodes near the path to lose energy more quickly. 

In both predictable and random mobility, the speed of the sink can affect the degree of control data 

created in the network. According to (Sha et al., 2010), such mobility can minimize 

communication energy consumption and increase network lifetime, but it lacks flexibility and 

scalability. We can also see that the path in this technique, might be changed if the network changes 

to different situations. According to the author (Sha et al., 2010), it is relatively easy for adversary 
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nodes to track and detect the MS node in the fixed mobility approach, and most of the research in 

this strategy is based on event-driven applications. 

The path of the sink in controlled mobility becomes a function of current network flows, and the 

sink adjusts to maintain optimal network performance (Stevanovic & Vlajic, 2008). In contrast to 

predictable and random mobility, the sink here uses a specific motion algorithm to find its next 

site of displacement. Because it controls the movement of the sink, this method should help to 

enhance network lifetime and reduce energy usage. It can also adjust the sink's stop duration and 

velocity. However, despite all of these benefits, this technique has the following drawbacks: the 

strategy’s complexity and high overhead. 

By addressing the energy-hole problem, the mobile sink helps to increase the network lifetime. 

However, the data transmission mechanism faces some significant problems. (J. Wang, Cao, Ji, et 

al., 2017) present a new energy-efficient cluster-based dynamic route adjustment technique with 

an MS to solve this challenge. A cluster is created by an Author, and each cluster has a CH that is 

chosen depending on the remaining energy of each node. The rotation of CH is done using residual 

energy. To gather data for CH in a single-hop way, the MS is rotated clockwise or 

counterclockwise direction. The author compared his finding to previous research, specifically the 

VGDRA algorithm. The author evaluates the performance of his work using MATLAB and 

performance metrics such as network lifetime, energy consumption, and residual energy. However, 

throughput shouldn’t be considered. 

Several studies have proved the benefits of utilizing an MS to minimize energy consumption in 

WSNs caused by multi-hop data collecting using a static sink. To acquire data, MS must travel to 

each sensor node in the network, which could lengthen the time it takes for data to be transmitted. 

This is a crucial problem in delay-sensitive systems due to the requirement that all sensed data be 

gathered within a particular amount of time. (Alsaafin et al., 2018), propose a distributed data 

collection methodology for WSNs using MS. The suggested procedure creates a trajectory for the 

MS that uses the least amount of energy and takes the least amount of time. Data sensing, RP 

selection, trajectory planning, and data collection are all carried out by the author. The author also 

proposes trajectory design algorithms or methods like REP, RDP, and DBP. Regarding 

performance indicators like energy, latency, and time complexity, the suggested work is compared 
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with RkM, DBRkM, and WRP. However, it is better to take MS's energy usage and throughput 

data into account. 

Energy-efficient duty-cycling design for WSNs has lately gained popularity. In target-based 

applications, target points are monitored using wireless sensors. In such networks, only a part of 

the nodes is scheduled for monitoring, with the remainder being put into sleep mode to conserve 

energy. An energy-efficient mobile sink route, target coverage, and fault tolerance are required for 

data transmission in critical target applications. (Bhasgi & Terdal, 2021) propose this work to 

reduce the number of nodes scheduled for target coverage while ensuring complete coverage and 

connectivity through gathering points. Gathering points are used to choose nodes for coverage 

based on residual energy, node density, desired coverage, and distance, all of which are important 

factors in assuring coverage and reducing energy consumption. The traveling salesman problem is 

also used to create a delay-aware mobile sink trajectory for data collection. To secure the recovery 

of orphan member nodes that arise due to failures of Gathering points and rescheduling if a node 

fails while covering a target, the author also used the distributed fault recovery approach. In this, 

the Author can compare his work with existing work like DEDT and WCEP through the 

performance metrics like network lifetime, energy consumption, packet delivery ratio, and 

coverage on NS2. Although the proposed work improves performance, improved MAC layer 

protocols will be developed in the future to reduce packet collision and congestion. Priority-based 

MAC layer protocols will be developed for quicker data delivery in time-critical applications. 

Also, better to consider throughput metrics.   

Even though there are several challenges with sensor networks, the energy-hole problem is one of 

the most critical. To solve this problem, an MS is visited frequently to retrieve data from sensor 

nodes deployed in the field while all other nodes in the network remain static. Instead of visiting 

all nodes, which might cause delays, a mobile sink is only allowed to visit the rendezvous points, 

namely the head node, and the rest of the nodes submit data to the nearest head node. The major 

issues in this strategy are determining the precise rendezvous nodes at various points around the 

network, as well as determining the path that the mobile node must travel. Optimal rendezvous 

spots boost data aggregation while also extending the network's lifetime. To design the best MS 

path for wireless sensor networks, (Kurian et al., 2021) introduce the Power-Aware Anti-Colony 

Optimization (P-AACO), power-aware scheduling, and clustering algorithm based on AACO. The 
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power-aware scheduling in this study is accomplished via TDMA, and the path selection is based 

on the ACO algorithm. The RPs are selected based on remaining energy, node density, and uniform 

distribution. Using performance parameters including delay, throughput, and energy, the proposed 

protocol is compared with LEACH and WRP using the simulation program NS2. However, duty 

cycling is a challenging issue in this article. So, WSN energy consumption and network latency is 

might be reduced with effective duty cycling and the energy and buffer storage of each node may 

be analyzed.      

In (Kuang et al., 2021), a Mobile Underwater Wireless Sensor Network (MUWSN) is scheduled 

using a multi-objective dynamic scheduling model that takes into account both coverage and 

energy consumption. To solve the aforementioned problem, a dynamic multi-objective cooperative 

co-evolutionary optimization algorithm is created. In this study, performance indicators like 

coverage, energy use, hypervolume, and running time are used to compare the proposed procedure 

to UWSNs. But, both the mobile sensors and the targets can freely move in the monitoring area. 

So, considering path planning of the mobile sensors to both detect the moving targets and schedule 

the fixed sensors and it needs to study multi-objective dynamic scheduling methods of MUWSNs 

considering strong constraints. 

(Roy et al., 2021), proposes an energy and coverage-aware hierarchical routing protocol which 

alleviates the energy-hole problem using restricted mobile sink motion. The suggested protocol 

guarantees the improvement of the coverage lifespan up to a specific number of nodes dies while 

reducing communication and computation overhead. The author can form the cluster and select 

the CH based on residual energy and distance with the member node. The author compares this 

work with existing work like CEMST, RCC, Rendezvous, and RGBM by using metrics like 

network lifetime, total energy consumption, coverage ratio, packet delivery ratio, etc. This work 

is a simulation run on the Spyder 3.1.2 environment using the Python programming language. But, 

this work needs to consider the optimal sojourn locations of MS for data collection and the energy 

and buffer-constrained MS.    

In (Mechta & Harous, 2016), proposed two variants of the LEACH-C protocol: Based on the 

mobility of the Sink, mobile LEACH-CM and LEACH-CDM are utilized to enhance the 

performance of traditional LEACH-C. The author uses K-means algorithms for cluster formation 

and CH selection and the mobile sink has its trajectory to collect data from the CH. In this NS2 is 
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the simulation tools. The author evaluates the performance of the two proposed protocols with 

traditional LEACH-C based on metrics: energy consumption, network lifetime, and the number of 

packets delivered to the sink.  

The data aggregation procedure is used to improve the functionality and effectiveness of the 

system. There is a high possibility of data loss, which could result in energy loss. As a result, the 

effectiveness and performance of the network are damaged. Effective cluster-based data collection 

strategies were presented by (Sahoo et al., 2020) to address these problems. The optimal cluster 

heads, those that consume less energy for transmission, are chosen in this paper. For the best route 

for the MS, the author additionally uses ACO algorithms. However, the author will extend his 

work with various clustering algorithms in this paper to efficiently aggregate mobile sink nodes. 

The issue of data collection in a delay-tolerant WSN with a mobile sink was conducted by the 

author (Huang et al., 2019). The use of compressive sensing and clustering was the key 

contribution of this author. When using compressive sensing, measurements are sent between 

clusters and a mobile sink whereas in a cluster the raw reading is transmitted. The analytical cluster 

radius is produced by the author using an analytical model for energy usage by the suggested data 

collection approach. Moreover, the author compared their work with those of MobCluster and 

MASP. The performance of the suggested solution is impacted by problems like packet loss and 

node failure which the author does not take into account in this study.  
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Table 2.2: Summary of Related works 

 

 

 

 

 

Ref & Year Objectives   Contributions  Limitations  

(Kurian et al., 

2021) 

 Fix MS path  

 Exploit NL and 

curtail latency, 

 Power-aware scheduling TDMA,  

 Select RP, and  

 Path selection based on ACO  

 Energy consumption  

 Network delay.  

 Packet delivery ratio 

(Alsaafin et al., 

2018) 

 Energy consumption  

 latency are reduced,  

 NL is extended 

 RP selection algorithms 

 Design trajectory for MS and use 

technique 

 Packet loss increases  

 Energy consumption 

of MS. 

(Huang et al., 

2019) 

 Data collection with 

delay-tolerant. 

 Utilize clustering and compressive 

sensing.  

 Raw reading is transmitted in 

clusters, and between clusters and 

MS,  

 Compressive-sensing measurement 

is transferred. 

 Packet loss and node 

failure do not 

consider.  

(Sahoo et al., 

2020) 

 To address the data 

loss and 

 Energy loss 

 The optimal CH is selected 

 Use ACO for the optimal path of 

MS 

 To aggregate MS 

nodes effectively 

extend with various 

clustering algorithms 

(Bhasgi & 

Terdal, 2021) 

 Communication 

overhead 

 Ensures complete 

target coverage 

 RP is formed, RP is used for 

scheduling, node selection for 

coverage, develop an RP renewal 

scheme. 

 Data delivery (faster) 

in time-critical 
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2.8.1. Summary  

In summary, many existing works have been suggested related to cluster-based optimal data 

gathering in recent years. The inefficient cluster-based data gathering will increase packet losses, 

reduce the throughput of the overall networks, increase energy consumption, node failure, MS 

trajectory design, and inefficient energy were the central issues of optimal data gathering problem. 

So, there is a necessity for optimal data gathering techniques with an MS that solves the above 

issues and improves the network performance over the existing works. To solve the above 

challenges the proposed COMSD has two phases, i.e, the setup phase and the steady-state phase. 

In the setup phase, an efficient CH selection by using particle swarm optimization based on four 

criteria i.e. residual energy, node density, inter-cluster distance, and energy consumption rate. In 

the steady state phase, the optimal data gathering takes by using a mobile sink based on three 

criteria i.e. energy of CH, path length, and cluster size. The challenges are solved by using 

performance metrics like the number of alive nodes and number of dead nodes, throughput, and 

network remaining energy. So, based on the above-explained gaps in related works, the proposed 

COMSD solved the problems. The proposed work reduces energy consumption and increases 

network lifetime. In the next chapter proposed COMSD will be discussed.  
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CHAPTER THREE 

PROPOSED SOLUTION 

3.1. Overview of COMSD 

One of the most well-known network topology management techniques is clustering. In the 

existing work LEACH-CM, the sink node's movement was based on the density center of each 

cluster. The base station figures out the centers of the cluster center for data communication. 

Additionally, the data communication in the existing work LEACH-CDM was based on the centers 

of the cluster center and BS displacement. In LEACH-CDM, the base station movement is based 

on the cluster density for the computation of centers of the cluster center and data gathering. 

LEACH-CM offers several advantages in terms of reducing energy consumption and boosting the 

amount of data that the base station receives. It enables network coverage, which addresses the 

issue of isolated nodes. However, in terms of the number of CHs, it would have a detrimental 

impact on the network's performance in terms of network lifetime and the amount of data that BS 

receives. Data loss resulting from the BS's position changing and the LEACH- CDM recognizing 

the exact location of the BS causes the performance of the LEACH-CDM to degrade data received 

by the BS. In this study, to improve network performance by increasing network lifetime and 

reducing energy consumption, hierarchically based routing algorithms are deployed. PSO 

techniques are used to address optimization issues to improve network performance by creating or 

selecting an efficient cluster head. Our contribution consists of optimal data gathered by the 

selection of an efficient CH based on residual energy, node density, energy consumption rate, and 

the inter-cluster distance. We have addressed the challenges of optimal data gathering with mobile 

sink by using the PSO optimization algorithm on its trajectory pathways. The mobility of sink 

nodes is based on CH energy, path length, and cluster size. We have used MATLAB2021a 

simulation tools to determine the performance of our work with existing works like LEACH-CM 

and LEACH-CDM in terms of performance metrics such as the number of alive and dead nodes, 

throughput, and network remaining energy. An efficient CH is in charge of gathering, aggregating, 

and transmitting data from its CMs to the MS. 

The proposed solution has the following two phases: 

1. Setup phase 

2. Steady-state phase 
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Figure 3.1: The Flow chart of proposed COMSD 

The optimal data was gathered using the MS by following its trajectory pathways based on low 

energy CH, shortest path length, and small cluster size. The sojourn point can be defined as the 

best location in the cluster where the MS visited once and stay to communicate with CH. The 

sojourn point determination was based on the three criteria. Finally, if the MS visits the cluster and 

the energy of all nodes is dead, the communication becomes end and otherwise continues.  
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Overall Pseudocode for the Proposed Solution 

Begin 

/* an efficient Cluster head selection y using particle swarm optimization*/ 

1. Node deployment and sink placement 

2. Determine clustering and CH selection using PSO 

3. Determine Eres, Dnode, Dic, &ECR 

If Eres maximum, Dnode low, Dic low, &ECR maximum 

        CH selected 

else repeat Step ‘3’ 

/*Cluster formation*/ 

4. CH broadcasts announcing messages (x,y; ID; V; LCT) 

5. Each node sends a join request message (x,y; ID; V; LCT) 

6. CH received a join request message 

7. Each CH builds TDMA and sends it to its associated nodes 

After it is finished clusters are formed 

/*optimal data gathering with mobile sink*/ 

8. Determine ECH, LPath, and Csize 

If ECH, LPath, Csize 

Sink moves to sojourn points & sends request data messages 

9. CH adjusts sensor nodes to send sensor information 

10. CH aggregate all packets collect from nodes and sends them to the MS 

11. MS gathered aggregated data 

12. Then check the sink node whether visits all clusters in the field or not 

If sink visits all clusters in the field 

              Check if all nodes dead 

else repeat Step ‘8’ 

If all nodes dead 

         ‘Stop’ 

else repeat Step ‘8’ 

End 

Eres=residual energy, Dnode=node density, Dic= inter-cluster distance, &ECR= energy consumption 

rate, ECH
 = CH energy, LPath =path length, Csize= cluster size, CH= cluster head, TDMA=Time 

Division Multiple Access.  

3.1.1. Network Model 

Sensor nodes are distributed in a 200x200m2 network field, with 100 stationary sensor nodes and 

only one mobile sink node. The proposed work divides the sensor nodes in the network into several 

clusters and assigns a single efficient CH to each cluster based on residual energy, the inter-cluster 

distance, the energy consumption rate, and the node density. The CH is a node that collects, 
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aggregates, and transmits aggregated data when getting chances to visit by the MS. The CH is 

rotated based on the above criteria of CH selection up to the network being stopped. The MS 

gathered optimal data by arranging the CH in ascending order based on the energy of the CH, the 

path length, and cluster size. The MS has its trajectory pathways by following the ascending order 

for gathering data optimally from an efficient CH and also MS has enough buffer capacity for at 

least one round.  

3.1.2. Energy Model 

For the examination of energy consumption in the network (J. Wang, Cao, Li, et al., 2017; Wsns, 

2021), two models were considered: the free space propagation model and the multipath 

propagation model. The transmission energy of nodes is directly proportional to the distance d2 in 

the free space propagation model, and the transmission energy of nodes is directly proportional to 

the distance d4 in the multipath propagation model. The following formula may be used to 

determine the energy required to send and receive l-bits of data between two nodes separated by 

(Kim & Chung, 2006) d:  

               𝐸𝑇𝑋(𝑙, 𝑑) = {
𝑙∗𝐸𝑒𝑙𝑒𝑐+𝑙∗𝜀𝑚𝑝∗𝑑4,   𝑑>𝑑0

𝑙∗𝐸𝑒𝑙𝑒𝑐+𝑙∗𝜀𝑓𝑠∗𝑑2,   𝑑≤𝑑0
                                                             (3.1) 

The energy consumed while receiving data per bit is given by Equation (3.2). 

                                    𝐸𝑅𝑋 = 𝑙 ∗ 𝐸𝑒𝑙𝑒𝑐                                                                               (3.2)  

Where 𝑬𝒆𝒍𝒆𝒄 is the energy consumed by an electronic circuit to send and receive l-bits of data, 

with l being the number of bits, The distance d between the source nodes and the destination 

𝜺𝒇𝒔 signifies the free space propagation model, whereas 𝜺𝒎𝒑 specifies the multipath propagation 

model (Elbhiri et al., 2010), the distance threshold is set at a certain distance.   

                                               𝑑0 = √
𝜀𝑓𝑠
𝜀𝑚𝑝

.                                                                                                                              (3.3) 

                                              𝐸𝐷𝑋 = 𝑥 ∗ 𝑙 ∗ 𝐸𝐷𝐴                                                                (3.4) 

Where: 𝐸𝑅𝑋 stands for the energy expended during the reception of 𝑙-bit of data. The amount of 

energy used to aggregate 𝑙-bit data is denoted by the symbol 𝐸𝐷𝐴. In addition, 𝐸𝐷𝑋(𝑙) represents 

the energy used during the aggregation of received 𝑙-bit data from 𝑥 data packets. 
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3.2. General Architecture of Proposed Solution 

The network area in the proposed solution is a square field (200x200m2). The sensor nodes in this 

system are stationary, whereas the sink node is mobile. Only one mobile sink is available. 

Clustering is a well-known network topology management technique, with a single cluster head 

and cluster members for each cluster. The proposed solution depends on two phases: 1. Set-up 

phase: this phase has three steps: CH selection, Cluster formation, and Data aggregation. After the 

deployment of sensor nodes, the particle swarm optimization algorithm is used to select the most 

effective cluster head based on four factors: residual energy, inter-cluster distance, node density, 

and energy consumption rate. After the CH selection using PSO, the cluster is formed. The data 

sensed by each sensor node is sent to an efficient cluster head. When the mobile sink is close by, 

the cluster head is in charge of gathering the sensed data, aggregating the collected data, and 

transmitting the aggregated data. 2. Steady-state phase: in this phase, optimal data gathering with 

a mobile sink takes place. Before going to collect the data, the mobile sink arranges the cluster 

head in ascending order based on the energy of the cluster head, the path length, and cluster sizes. 

The CH that has low energy has the chance to be selected first, the CH that has the shortest path 

length, and the CH that has a small cluster size are also selected. When collecting aggregated data 

from CH, the mobile sink has its trajectory pathways to the CH based on the above three criteria. 

The following figure indicates the proposed architecture and consists: 

ii. Mobile sink: is the super node that gathers data from the CH, which has low energy, shortest 

path length, and small cluster size. The start position of MS is at the center of the field and 

the end position after completing the round is also the center of the field. 

iii. Cluster head: is the advanced node that leads its cluster, collects the sensed data from its 

member nodes, aggregates the sensed data, and transmits the aggregated data to MS while 

nearby. 

iv. Sensor nodes: this is the normal node that senses the environment and transmits its data to 

the CH by its timeslot. 

v. Stay place: this is the sojourn point that exists in every cluster, where the MS visits once and 

stays until gathers the sensed data from CH.   

vi. The trajectory of MS: is the pathways of the MS that are used for optimal data gathering. 
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Figure 3.2: Overall Design Framework of Proposed approach 

3.2.1. Setup Phases 

Clustering is the process of grouping sensor nodes in a network based on predetermined standards. 

Although many of the current data-gathering methods rely on clustering, choosing the appropriate 

path and an effective CH in WSN is a challenging task. In this stage: CH selection, cluster 

formation, and data aggregation are included. 

A. CH Selection Stage 

For the selection of CH, the existing work LEACH-CM and LEACH-CDM were based on the 

residual energy and the distance between the sensor nodes and the base station. The nodes that 

have high energy were selected as CH and also the node that has minimum distance was selected 

as CH. The CH selection is done before the cluster is formed using a probabilistic method. In this 

study, the efficient CH was selected by using particle swarm optimization based on criteria, 
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including residual energy, the inter-cluster distance, the node density, and the energy consumption 

rate. So, the sensor nodes that fulfill the above criteria are selected as efficient cluster heads i.e.  

i. The sensor nodes that have high residual energy also have a high chance to be chosen as 

an efficient cluster head.  

ii. If the distance between the sensor node and the sink nodes is less, the energy 

consumption of nodes is also reduced.  

iii. The density of neighboring nodes must be minimized to make an efficient CH selection.  

iv. Finally, any nodes that have the maximum energy consumption rate is chosen for an 

efficient cluster head.   

Energy is used by nodes in a network for data collection, transmission, and reception. Because 

they are responsible for operations such as transmission, receiving of data from many sensor nodes, 

and aggregating of acquired data, the CH nodes will consume more energy than other normal 

nodes. As a result, these nodes require more energy to do such activities. Once sensor node 

deployment is completed, the selection of cluster head for each cluster is done by using PSO, and 

clustering of sensor nodes is formed. The more important a parameter is in PSO, the more optimal 

value will be obtained. The fitness criteria, in this work, seek to reduce energy consumption and 

also increase the network lifetime. The fitness parameters or the criteria that we have used in the 

selection of an efficient CH are discussed as follows: 

I. The Residual Energy 

The residual energy of the node is estimated by Eq. (3.5). The rotation of the CH is based on the 

residual energy of the node and it is required for the energy balancing in the network. So, the node 

that has maximum residual energy is favored to be selected as an efficient CH.  

                                   𝐸𝑅𝑒𝑠 =  𝐸𝑇 − (𝐸𝐶𝑜𝑙𝑙 + 𝐸𝑅𝑒𝑐 + 𝐸𝑇𝑟𝑎𝑛 + 𝐸𝐴𝑔𝑔)                                        (3.5)                              

Where: 𝐸𝐶𝑜𝑙𝑙is the energy used to collect data, 𝐸𝑇𝑟𝑎𝑛 is the energy used to transmit data, 𝐸𝑅𝑒𝑐 is 

the energy used to receive data, and  𝐸𝐴𝑔𝑔 energy used to aggregate data. The first criteria are 

described by Eq. (3.6): 

                                    Maximize F1= 
1

𝑁𝑇
∑ 𝑁𝑅𝑒𝑠(𝑁𝑖)

𝑁
𝑖=1                                                           (3.6)        
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II. Node Density 

The protocol finds the proximity of neighboring nodes based on their distances and it is given by 

Eq. (3.7). When the network area is large, the intra-cluster communication becomes a dominant 

entity and the CH node will consume more energy in collecting data from the other nodes in the 

cluster. So, to make an energy-efficient CH selection the number of neighboring nodes must be 

minimized. 

                                            𝐷𝑛𝑜𝑑𝑒 =
1

𝑁𝑇
∑ 𝑑(𝑛, 𝑖)1−𝑁𝑇

𝑖=1                                                              (3.7)                                                                                               

Where: 𝑁𝑇 is the total number of SNs in a network and 𝑑(𝑛, 𝑖) is the distance between a node and 

the neighbor. Therefore, the second criteria are given by Eq. (3.8), 

                                               Minimize F2 =  
1

𝑁𝑇
∑ 𝑁𝑝𝑟𝑜𝑥(𝑁𝑖)

𝑁
𝑖=1                                             (3.8)                                                   

III. The Inter-cluster Distance 

This is the distance that decides the energy consumption of the sensor node under communication. 

The distance required for communication with the neighbor node is estimated by Eq. (3.9). The 

average distance between the sensor nodes and sink could be minimized. To minimize the node's 

energy usage, less distance is utilized between the node and the sink. 

                                                       𝐷𝐼𝐶(𝑁𝑖) =
𝑑0

2

𝑑𝐴𝑣𝑔
2                                                                     (3.9)                                                                                                   

Where: 𝑑0
2 is represent the Euclidian distance from the sink node whereas, 𝑑𝐴𝑣𝑔

2  is the average 

distance between the sensor nodes and sink. The third criteria are described by Eq. (3.10): 

                                                Minimize F3 =  
1

𝑁𝑇
∑ 𝐷𝑖𝑐(𝑁𝑖)

𝑁
𝑖=1                                                (3.10)  

IV. Energy Consumption Rate 

This is the difference between the sensor node's initial energy and its remaining energy after the 

first round is the energy consumption rate (ECR). Finally, any nodes that consume energy in large 

quantities and lose value relative to the node with the lowest energy are not taken into account for 

choosing the CH.  

                                         𝐸𝐶𝑅 = ((𝐸𝑝(𝑖) − 𝐸𝑅𝐶(𝑖))/(𝐸𝑝(𝑖)))                                                  (3.11)                                                                                    
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Where:𝐸𝐶𝑅 is represents the enrgy consumption rate, 𝐸𝑝(𝑖) is represents the energy value of sensor 

nodes in the previous 𝑖𝑡ℎ round and the𝐸𝑅𝐶(𝑖), is denotes the energy consumed in the current 𝑖𝑡ℎ 

round by sensor nodes. Therefore, the fourth criterion is given by Eq. (3.12). 

                                         MaximizeF4= 
1

𝑁𝑇
∑ (𝐸𝐶𝑅)𝑁

𝑖=1                                                             (3.12)                                                                                    

Therefore, the solution to the optimization problem is to minimize the following fitness function: 

                                 𝐹𝑖𝑡𝑛𝑒𝑠𝑠 = 𝛼 ∗ 𝑓1 + 𝛽 ∗ 𝑓2 + 𝛾 ∗ 𝑓3 + 𝛿 ∗ 𝑓4                                      (3.13)                                                                   

Where, 𝛼, 𝛽, 𝛾, and 𝛿 are the control parameters in the range [0,1] with 𝛼 + 𝛽 + 𝛾 + 𝛿 = 1 and 

the Particle Swarm Optimization technique was used to solve the problem of efficient Cluster Head 

selection for the optimal data gathering (T. Kaur & Kumar, 2020).  

 

Figure 3.3: An efficient CH selection flowchart 
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Therefore, the sensor node, which satisfies all of the above criteria will be chosen as an efficient 

CH. That means sensor nodes with higher residual energy and energy consumption rate, at a low 

inter-cluster distance, and minimized node density will be selected as an efficient CH. The selected 

efficient CH in every cluster is responsible for the collection, aggregation, and forwarding of the 

packets to MS when nearby.  

So, the pseudocode of an efficient Cluster Head selection based on particle swarm optimization 

was as below: 

Pseudocode for an efficient CH selection using PSO 

Begin 

/* an efficient Cluster head selection y using particle swarm optimization*/ 

1. Node deployment and sink placement 

2. Determine clustering and CH selection using PSO 

3. Determine Eres, Dnode, Dic, &ECR 

If Eres maximum, Dnode low, Dic low, &ECR maximum 

        CH selected 

else repeat Step ‘3’ 

/*Cluster formation*/ 

4. CH broadcasts announcing messages (x,y; ID; V; LCT) 

5. Each node sends a join request message (x,y; ID; V; LCT) 

6. CH received a join request message 

7. Each CH builds TDMA and sends it to its associated nodes 

After it is finished clusters are formed 

End  

Eres=residual energy, Dnode=node density, Dic= inter-cluster distance, &ECR= energy consumption 

rate, CH= cluster head, TDMA=Time Division Multiple Access. 

Particle swarm optimization  

The term "particles" in the PSO refers to population members who lack mass and volume (or who 

have an arbitrarily tiny mass or volume) and are sensitive to accelerations and velocities that move 

them toward a more desirable mode of behavior. Each potential answer can be represented as a 

particle moving through the problem hyperspace in the real number space. The position of each 

particle is determined by the vector 𝑥𝑖 𝜖 𝑅𝑛  and its movement by the velocity of the 

particle 𝑣𝑖 𝜖 𝑅𝑛, as shown in (3.14). 
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                                                𝑥𝑖 (𝑡) = 𝑥𝑖 (𝑡 − 1) + 𝑣𝑖 (𝑡)                                                      (3.14)                                                        

The information available for each individual is based on their own experience (the decisions that 

it has made so far and the success of each decision) and awareness of how other members in their 

neighborhood are performing. It is fair to assign random weights to each component because the 

relative importance of these two parameters can change from one decision to the next. As a result, 

the velocity will be decided by 

𝑣𝑖 (𝑡) = 𝑣𝑖 (𝑡 − 1) + 𝜑1 . 𝑟𝑎𝑛𝑑1 . (𝑝𝑖 − 𝑥𝑖 (𝑡 − 1)) … 𝜑2 . 𝑟𝑎𝑛𝑑2 . (𝑝𝑔 − 𝑥𝑖 (𝑡 − 1))               (3.15) 

Where 𝜑1 , 𝜑2  are two positive numbers and 𝑟𝑎𝑛𝑑1 , 𝑟𝑎𝑛𝑑2  are two random numbers with 

uniform distribution in the range of [0.0, 1.0]. 

PSO implementation process 

The PSO algorithm can be implemented using the following process by the formulation above. 

1. Giving each particle a random location within the hyperspace of the problem. 

2. Analyze each particle's fitness function. 

3. The particle's fitness value and its 𝑃𝑏𝑒𝑠𝑡 . Set the current value as the 𝑃𝑏𝑒𝑠𝑡 value and the current 

position of the particles, 𝑥𝑖  as 𝑃𝑖  if the current value is better than the 𝑃𝑏𝑒𝑠𝑡  value.  

4. Choose the particle with the highest fitness rating. Its fitness function's value is designated 

as 𝐺𝑏𝑒𝑠𝑡 , and its location as 𝑃𝑏 .  

5. Utilizing (3.14) and (3.15), update the velocities and locations of each particle.  

6. Up until a stop, repeat steps 2–5 until the requirement is satisfied. 

B. Cluster Formation Stage: 

Cluster formation is used to cooperate with the network to gather data in easy ways. In the existing 

works LEACH-CM and LEACH-CDM, the ways of cluster formation depend on the K-means 

clustering. The network zones in the existing work are portioned by using the K-means clustering 

techniques, which are only to find the most central node in the network and don’t consider nodes 

energies in the searching of cluster centroid and it affects the network lifetime.  

In this study, the procedures are efficient CH selection, the formation of a cluster, data aggregation, 

and optimal data gathering. The cluster formation was based on hierarchical clustering techniques 

or optimal clustering which depends on the cluster density and energy loaded. The formation of 
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the cluster was used to reduce energy consumption and increase the network lifetime. This 

clustering takes place in the network area of 200x200m2 with 100 stationary sensor nodes and one 

mobile sink. After the cluster formation, the CH broadcast announcing messages which include 

position (x,y), identity (ID), value, and location. Then each node sends join request messages that 

include the above criteria and after that CH receive and accepts the join request message. Finally, 

the cluster formation ended. Therefore, after the formation of the cluster takes place each CH 

builds TDMA and sends it to its associated nodes. For each node, the CH sets a period for data 

collection. Once data have been gathered, they are combined by the CH and sent to the sink. The 

nodes may fall asleep during this entire process, but CH must remain active. This reduces the CH's 

energy, and over time, fewer nodes die, leading to a sparse network. Each cycle involves the 

reconstruction of the cluster and the selection of CHs. 

 

Figure 3.4: Flow chart for cluster formation 

C. Data Aggregation 

In this study, the main objective of data aggregation is to improve the QoS in terms of reducing 

energy consumption and increasing the network lifespan. In cluster-based data aggregation, the 

entire network is divided into several clusters, and for each cluster, a cluster head is chosen. The 

cluster head is in charge of collecting data from the cluster members' nodes, aggregating the data 

collected and sending the aggregated data to the mobile sink node when it is nearby. In this work, 

data aggregation inside the cluster can simultaneously reduce data redundancy, minimize data 

transmission and energy consumption in the WSN, and increase bandwidth utilization. 
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3.2.2. Steady-state Phase 

In this phase, optimal data gathering with a mobile sink takes place. The outcome of efficient CH 

selection and cluster formation is optimal data collection. In the existing work LEACH-CM, the 

sink node's movement was based on gravity. The base station figures out the centers of gravity for 

data communication. Additionally, the data communication in the work LEACH-CDM was based 

on the centers of gravity and BS displacement. In LEACH-CDM, the base station movement is 

based on the cluster density for the computation of centers of gravity and data gathering. LEACH-

CM offers several advantages in terms of reducing energy consumption and boosting the amount 

of data that the base station receives. It enables network coverage, which addresses the issue of 

isolated nodes. However, in terms of the number of CHs, it would have a detrimental impact on 

the network's performance in terms of network lifetime and the amount of data that BS receives. 

Data loss resulting from the BS's position changing and the LEACH- CDM recognizing the exact 

location of the BS causes the performance of the LEACH-CDM to degrade in terms of data 

received by the BS.  

In this study, the data was gathered optimally by using the mobile sink techniques based on three 

criteria such as CH energy, path length, and cluster size. This method is used to identify the 

optimum pathways to the sink node for data gathering after CH selection. An optimization 

technique based on swarm intelligence is called particle swarm optimization. PSO has several 

benefits over other optimization techniques, such as genetic algorithms (GA). For example, ease 

of implementation on hardware or software, high-quality solutions that can escape local optima, 

and rapid convergence (Elhabyan & Yagoub, 2015; Paffrath et al., 2002). Due to PSO's success in 

solving NP-hard issues, numerous centralized clustering methods use it to optimize the CH 

election. The PSO is popular for WSN clustering; because clustering is a repetitive process, the 

more straightforward the optimization technique, the more efficient the network.  

In our cases, we have used PSO for the selection of an efficient CH and for the mobile sink node 

to gather optimal data based on different fitness parameters. After node deployment and cluster 

formation, efficient CH selection takes place using PSO algorithms based on residual energy, inter-

cluster distance, node density, and energy consumption rate. In the proposed COMSD, the 

movement of the sink node to gather optimal data is based on three criteria as follows:  
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1.The energy of the CH: - After choosing CH based on PSO, the energy of CH determines 

the sink mobility. The start position of the mobile sink is at the center of the network zone. 

In every round, the mobility of the sink node started from and to the center. In this 

parameter sink movement starts from the central zone of the network to the CH that has 

the lowest energy to the highest one. 

                                                   𝐸 = ∑ 𝐸𝐶𝐻(𝑖)
𝑁𝑜_𝐶𝐻
𝑖=1                                                                    (3.16) 

Where: 𝐸𝐶𝐻(𝑖) is represented the 𝑖𝑡ℎ CH node energy that, 𝑁𝑜_𝐶𝐻 represented the total CH 

nodes. 

2.Path length: - The distance between the sink and the low energy CH that the sink moves to 

determines the sink's mobility. It’s the optimal distance between the cluster head node and 

an individual node in the cluster. If the distance between the sink node and the CH node is 

less, CH has the chance to get the mobile sink first. 

                                               𝑃𝑡ℎ = ∑ (
𝐷(𝑁𝑜_𝐶𝐻(𝑖)−𝑆)

𝐷𝐴𝑉𝐺(𝑁𝑜𝐶𝐻(𝑖)−𝑆)
)𝑁𝑜_𝐶𝐻

𝑖=1                                                         (3.17) 

Where: 𝐷(𝑁𝑜_𝐶𝐻(𝑖)−𝑆) represents the Euclidian distance of 𝑖𝑡ℎ CH node from the sink 

whereas, 𝐷𝐴𝑉𝐺(𝑁𝑜𝐶𝐻(𝑖)−𝑆) represents the average distance between 𝑖𝑡ℎ CH node and the sink. 

3.Cluster size: - The cluster size affects how efficient energy is used because it reduces both 

the transmission distance and CH load. If the size of the cluster is minimum the sojourn time 

of the other cluster is saved. So, the higher the cluster size the higher chances to get a mobile 

sink.  

                                                𝐶𝑠𝑖𝑧𝑒 = ∑ (𝑁𝐶𝑀(𝑖))𝑁𝑜_𝐶𝐿
𝑖=1                                                                     (3.18) 

Where: 𝑁𝐶𝑀(𝑖) represents the nodes in the cluster whereas, 𝑁𝑜_𝐶𝐿 represents the clusters 

in the network field. 

Therefore, the CH, which satisfies the above criteria was visited by the mobile sink first. After 

identifying the optimal CH for data gathering, sink nodes move to the sojourn point and send a 

request data message to the CH and the CH sends a request data message to wakeup sensors. An 

active sensor node adjusts the sensor state to send the sensed information. Then the CH collects 

what they send and aggregate all packets in one and sends the aggregated data to the mobile sink. 

Finally, the mobile sink gathers data optimally and moves to the next sojourn point until the last 
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CH for a round. If the sink node visits all the clusters in the field, check whether all nodes in every 

CH were dead or not and if all nodes in the cluster are dead the network is ended. Otherwise, if the 

sink node does not visit every cluster in the field and all nodes in each cluster were not dead the 

network is continued until the end. 

 

Figure 3.6: Optimal data gathering with PSO flowchart 
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Pseudocode for optimal data gathering  using mobile sink  

Begin 

1. Determining clustering &CH selection using PSO 

2. Determine ECH, LPath, Csize  

          If ECH, LPath, Csize 

          Sink moves to sojourn points & sends request data messages 

3. CH adjusts sensor nodes to send sensor information 

4. CH aggregate all packets collect from nodes and sends them to the MS 

5. MS gathered aggregated data 

6. Then check the sink node whether visits all clusters in the field or not 

         If sink visits all clusters in the field 

              Check if all nodes dead  

        else repeat Step ‘2’ 

                If all nodes dead 

                         ‘Stop’ 

                else repeat Step ‘2’ 

End 

ECH
 = CH energy, LPath =path length, Csize= cluster size, MS= mobile sink, CH= cluster head, 

PSO= Particle Swarm Optimisation.   
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3.3. General Assumptions 

These are the general assumptions of the proposed work COMSD: 

 The proposed COMSD network topology includes a mobile sink (super node), cluster head 

(advanced node), and sensor node (normal node) in the area. 

 Each sensor node and CH in the field is static and the Sink node is mobile. The proposed 

area is 200X200m2 and 100 nodes. 

 In this study, CH is chosen by using PSO based on network remaining energy, node 

density, inter-cluster distance, and energy consumption rate.  

 The mobility of the sink node is based on the CH energy, the path length, and the cluster 

size. An efficient CH can collect, aggregate, and transmits data to the Mobile sink. 

 Mobile sink has its trajectory pathways for data gathering optimally from Cluster Head and 

has enough buffer capacity for at least one round.  

3.4. Summary  

The proposed work COMSD focus on improving network performance in terms of increasing the 

network lifetime and reducing energy consumption. The main focus of the proposed work is, 

applying particle swarm optimization for better energy utilization in the case of selecting an 

efficient cluster head and developing a new cluster-based optimal data gathering routing protocol 

with a mobile sink. The parameters of maximum residual energy, minimum node density, minimal 

inter-cluster distance, and maximum energy consumption rate are used to determine the efficient 

CH. The optimal data was gathered by using a mobile sink based on the criteria of low CH energy, 

shortest path length, and small cluster size. The proposed work COMSD has added the 

modification of the original code of the existing works and this was done on MATLAB2021a.    
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CHAPTER FOUR 

SIMULATION AND PERFORMANCE EVALUATION 

4.1. Overview   

The proposed solution is simulated to evaluate the performance of the entire network by comparing 

it to the existing work. To increase network lifetime and reduce energy consumption, the major 

goal of this paper is to design a cluster-based optimal data-gathering routing protocol for WSNs 

with a mobile sink. By increasing the lifetime of alive nodes in the network, increasing the time it 

takes for the first node in the network to die, and increasing the network remaining energy, and 

throughput in a given round, the proposed solution increases network lifetime. The effectiveness 

of the proposed solution is evaluated through simulation using the simulation tool MATLAB2021a 

and finally, Performance metrics including the number of alive and dead nodes, throughput, and 

network remaining energy are used to assess the proposed work.   

4.2. Simulation Environment  

4.2.1. NS-2 

The 1989 release of Network Simulator Version Two, generally known as NS-2, made use of a 

REAL network simulator (Chhimwal, 2013). NS-2 is currently funded by the Defense Advanced 

Research Projects Agency and the National Sciences Foundation. The NS-2 simulator may run on 

Linux operating systems as well as on Cygwin, a command-line environment and interface that 

runs on Windows and is comparable to UNIX. A well-liked general-purpose network simulator 

called NS-2 can be utilized in wired and wireless environments. This simulator offers online 

documentation and is open source. The language used is an object-oriented extension of tool 

command language and C++. The advantage is NS-2 extensibility features, the object-oriented 

design allows creating and using the new protocol, and it provides a visualization tool- Network 

Animator (NAM). However, this simulator is challenging for beginners to write scripting language 

and modeling techniques; tool command language, using NS-2 is occasionally more complicated 

and time-consuming; provides poor graphical support; lacks a graphical user interface (GUI); users 

must directly interact with text commands of the electronic devices. 
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4.2.2. NS-3 

A discrete-event network simulator that is open source and designed specifically for use in research 

and education (Chhimwal, 2013). It was initially created in 2006. After its initial development, 

numerous versions have so far been made available. The language is C++ and Python. The 

advantages of NS-3's differences from NS-2 include the fact that it is open-source and does not 

support the NS-2 APIs, and the project's aim of upholding a setting where researchers can share 

and contribute their software. Only IPv4 is supported, and Cygwin does not allow Python bindings. 

4.2.3. OMNET++ 

C++-based modular discrete event simulator. Due to its straightforward design, getting started with 

it is easy (Chhimwal, 2013). Additionally, it offers support for tracing and debugging as well as a 

strong GUI animation library. Contrary to other simulators, its main weakness is the lack of 

protocols in its library. However, OMNET++ is growing in popularity and the gap in its model 

library is closing as a result of recent additions. For example, a mobility framework for OMNET++ 

was just released, and it may be used as the foundation for WSN modeling. The benefits of 

OMNET++ include its robust GUI (which makes tracing and bugging easier) and ability to mimic 

power consumption issues. However, there are compatibility issues and the protocol's number is 

insufficient (not portable). 

4.2.4. MATLAB Simulator 

When simulating Wireless Sensor Network models, MATLAB combines creating the hardware 

architecture of transmitting nodes, constructing the communication channel, and modeling node 

architecture. It’s a scalable simulator capable of simulating a large network of sensor nodes and 

can simulate the bandwidth, power consumption, or energy saving in Wireless Sensor Networks 

(Sharma et al., 2020) and also take into account factors such as energy consumption and packet 

delivery. MATLAB stands for MAtrix LABoratory and was designed by Math Works. As a result, 

it is appropriate for use in scientific and technical computers. Debugging in MATLAB is faster 

than in other languages, which reduces development time and increases the capacity to finish, and 

It does not require any additional software to debug algorithms. MATLAB provides tools for 

increasing the quality of programs so that their performance in a given application may be 

enhanced. To generate graphs, only code needs to be developed.  
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Table 4.1: Simulation runtime for four simulators 

Simulation name  Scenario 1: node=50,s Scenario 2: node=100,s 

NS-2 3.4 3.9 

NS-3 2.9 2.6 

OMNET++ 2.5 2.7 

MATLAB 0.24 0.7 

Source adopted from (Sharma et al., 2020) 

Therefore, MATLAB (Sharma et al., 2020) has a significant reduction of 94.11, 93.10, and 92% 

in simulation runtime concerning NS-2, NS-3, and OMNET++, respectively. Thus, we use the 

MATLAB simulator as a simulation tool in this work to design the proposed solution. 

4.3. Performance Evaluation  

4.3.1. Performance Evaluation Metrics 

The performance measures are employed in this simulation to improve the proposed solution 

network performance by increasing the network lifetime and reducing the energy consumption 

over the existing work. Depending on the performance metrics, the proposed solution is compared 

to the LEACH-CM and LEACH-CDM. The following performance metrics are calculated for each 

round to compare the proposed solution to the existing work.   

a. The number of alive nodes  

This refers to nodes that are alive after each round. It’s used to specify the network's lifetime. This 

suggests that increasing the number of live nodes in the network has a significant influence on the 

network's overall lifespan. As a result, the number of living nodes each round is used as a 

performance metric in this study to compare the proposed solution with existing work network 

lifetimes.  

                                                𝑁𝐴
𝑖 = 𝑁𝑅𝑒𝑠

𝑖 (𝑛) > 0                                                                     (4.1)                                                                                                             

b. The network remaining energy  

The total amount of remaining energy on all sensor nodes in each round is referred to as the residual 

energy of each round. If there is more energy remaining in the network, the network's functioning 

or performance is improved. 
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                                   𝐸𝑅𝑒𝑠 = 𝐸𝑇 − (𝐸𝐶𝑜𝑙𝑙 + 𝐸𝑅𝑒𝑐 + 𝐸𝑇𝑟𝑎𝑛 + 𝐸𝐴𝑔𝑔)                                                            (4.2)                                                                                                                  

c. The number of dead nodes 

The sensor nodes that exhaust all of their energy before the network reaches its goal are shown as 

dead nodes in every round. As a result, the number of dead nodes every round has a negative 

correlation with network longevity. The lifespan of the entire network decreases if there are 

multiple dead nodes after round, but the lifetime of the network grows if the number of dead nodes 

every round is minimal.  

                                                        𝑁𝐷
𝑖 = 𝑁𝑅𝑒𝑠

𝑖 (𝑛) ≤ 0                                                             (4.3)                                                                                                                

d. Throughput 

Describes the amount of data that is successfully transported over the entire network in a particular 

period. This refers to how many packets of a specific size are sent in a given amount of time. 

                                             𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 =
𝑁𝑜 𝑜𝑓 𝑝𝑎𝑐𝑘𝑒𝑡 𝑠𝑒𝑛𝑡

𝑇𝑖𝑚𝑒 𝑇𝑎𝑘𝑒𝑛
                                                   (4.4)                                                                  

4.3.2. Simulation Setup 

The size of a WSN has a significant influence on the amount of energy consumed by sensor nodes. 

As the network grows in size, the energy used by sensor nodes to convey their data to the MS 

increases dramatically. Performance metrics that we use in this study include the number of alive 

and dead nodes, throughput, and network remaining energy. To examine the lifespan of sensor 

nodes, 100 deployed sensor nodes in a 200x200m2 field are used. After deployment, each sensor 

node is arranged into clusters. The PSO approach is used to select an efficient CH for each cluster. 

The packet sizes utilized in this simulation are 4000 bits in length, with a maximum round of 2500. 

CH needs 50nj/bit of energy to collect data from sensor nodes and to aggregate the collected data. 

The network needs 50J of energy in total for this simulation. The left simulation setup is organized 

in the following table 4.2. 
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Table 4.32: Simulation setup parameters 

 

 

 

 

 

 

 

 

4.4. Simulation Result 
Using the performance metrics stated above, this section offers the simulation results that are 

studied under 200X200m2 network sizes for comparing the proposed work to the existing works 

based on network lifetime, energy usage, and throughput. To compute the network lifetime and 

energy usage, a comparison is made between the proposed work COMSD and existing work 

LEACH-CM and LEACH-CDM. 

Node Deployment 

In this simulation, 100 sensor nodes are placed in a (200x200m2) network field. The proposed 

work organizes the sensor nodes into clusters, choosing an effective CH based on the node that 

has high residual energy, low inter-cluster distance, node density, and high energy consumption 

rate, for each cluster to minimize the energy consumption by the sensor nodes when transferring 

data to the Cluster Head. CH after gathering, aggregating, and transmitting data to the nearby 

mobile sink. The start position of the mobile sink is at the center of the field and then moves to the 

CH by following the low energy CH, shortest path length, and small cluster size. After the selection 

of CH by using PSO, the Mobile sink gathered optimal data starting from the CH that has low 

energy, shortest path length, and small cluster size. 

Parameters  Value  Parameters  Value  

Network Size 200x200 𝑬𝑻𝑿 50nJ/bit 

Sink Placement 100x100 𝑬𝑹𝑿 50nJ/bit 

Simulation tool MATLAB2021a 𝑬𝑻 50J 

Mobile sink  1 𝜺𝒇𝒔 10pJ/bit 

Number nodes 100 𝜺𝒎𝒑 0.0013pJ/bit 

Initial Energy 0.5J 𝑬𝑫𝑨 5nJ/bit 

Packet Length 4000bits 𝒓𝒎𝒂𝒙 2500 

PHY IEEE802.15.4 MAC TDMA 
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Figure 4.1: Node deployment and Sink Placement 

The first result is based on the alive nodes for the proposed work COMSD and the existing works 

LEACH-CM and LEACH-CDM in the next section.  

4.5. Analysis of Simulation Result 

4.5.1. The comparison of results in terms of the Number of Alive Nodes 

Figure 4.2 addresses the findings for the proposed work and the existing works based on the 

number of alive nodes. This is because the energy consumption of nodes is evenly spread when 

cluster heads are chosen based on important parameters. The proposed work COMSD achieves a 

network lifespan of 2232 rounds, whereas the network lifetimes of existing works LEACH-CDM 

and LEACH-CM are 1387 and 1130 rounds, respectively. As demonstrated in the accompanying 

figure, the proposed work COMSD improves by 44.08% and 33.8% when compared to the existing 

works LEACH-CDM and LEACH-CM, respectively. The energy consumption rate and other 

factors integrated into the fitness function utilized for the proposed work are responsible for the 

increase in network lifetime. Therefore, when there are a large number of nearby nodes, the 

average distance between CH and sensor nodes is reduced significantly. 
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Figure 4.2: The comparison of results in terms of the number of alive nodes in a given round 

4.5.2. The comparison of results in terms of the Number of Dead Nodes 

The network lifetime depending on the number of dead nodes within the provided rounds for the 

proposed work is shown in the figure below. The number of dead nodes has a detrimental impact 

on the wireless sensor network lifetime. When the network has a large number of dead nodes, the 

network as a whole dies before completing its tasks. As a result, increasing the time of all dead 

nodes in the network is required when designing the proposed work for the wireless sensor 

network. When comparing the proposed work to the existing work, the number of dead nodes in 

terms of the number of rounds is lower. As indicated in figure 4.3, the proposed work COMSD 

has a First Node Dead (FND) of 530 rounds, compared to 207 and 355 for the existing works 

LEACH-CM and LEACH-CDM, respectively. The proposed work has a Half Node Dead (HND) 

of 991, whereas the existing works LEACH-CM and LEACH-CDM have 616 and 807 rounds, 

respectively. Furthermore, the proposed work is an improvement in the Last Node Dead (LND), 

also known as network longevity, because it covers 2232 rounds, whereas the existing works 

LEACH-CDM and LEACH-CM cover 1387 and 1130 rounds, respectively. In this case, the 

proposed work outperforms the existing works, as seen in the below figure. 
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Figure 4.3: The comparison of results in terms of dead nodes in a given round 

4.5.3. The comparison of results in terms of Throughput 

In the figure below, two existing works are compared to the proposed work in terms of throughput. 

As a result, throughput is used to determine the number of nodes in the network that are alive. 

Throughput increases if the network has more active nodes. As a result, the amount of packets 

directly affects how long a network can last. According to accompanying figure 4.4, the throughput 

of the proposed work COMSD is significantly increased. as it successfully sends 52125 data 

packets, whereas the existing work LEACH-CDM and LEACH-CM transmit 44306 and 29321 

data packets, respectively. The proposed work COMSD improves throughput by 13.03% and 

38.01% when compared to the existing work LEACH-CDM and LEACH-CM, respectively as 

shown by the throughput comparative analysis. The data packets are gathered most optimally, 

resulting in a reduction in packet loss during transmission, resulting in a significant increase in 

throughput. 
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Figure 4.4: The comparison of results in terms of throughput 

4.5.4. The comparison of results in terms of Networks Remaining Energy  

When data transmission is assumed, the network's energy begins to decrease. It's critical to keep 

track of how networks maintain their life as the number of rounds increases. As indicated in figure 

4.5, the proposed work outperforms the two existing works in terms of covering a bigger number 

of rounds while data transmission is in progress. Due to the energy-efficient design's minimal 

energy usage, a node's energy is retained during each round. The total energy remaining in the 

network in the given rounds is presented in figure 4.5 for the proposed work COMSD and the 

existing work LEACH-CDM and LEACH-CM. The energy consumption of nodes is reduced if 

there is more energy left in the allotted rounds. In the specified rounds, the proposed work COMSD 

consumes less energy than the existing work LEACH-CDM and LEACH-CM.   
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Figure 4.5: The comparison of results in terms of remaining energy. 

Stability  

The network's lifespan is determined by the sensor nodes. The number of live nodes is shown in 

Figure 4.7 for each simulation round. The addition of the four fitness parameters that assure energy 

preservation while data transmission is in progress is the primary cause of this increase. The 

distance between sensor nodes and sink, as well as inside nodes, is substantially reduced. The 

proposed work COMSD outperforms the existing works. As shown in the following figure, the 

proposed work COMSD ensures the survival of all nodes until the rounds of 530 and almost all 

nodes died by the rounds of 2232. During this time, all network nodes are completing their 

responsibilities, ensuring that the entire area is covered. However, the proposed work shows that 

the first node is dead after 530 rounds, whereas the existing works LEACH-CDM and LEACH-

CM show that the first node is dead after 355 and 207 rounds, respectively. As a result, by 

comparing the proposed work with the existing works, the network lifetime has been increased. 

After comparing the performance of the proposed work to that of two existing works, we noticed 

that the proposed work COMSD offers various advantages in terms of energy usage and data 

received by the Mobile Sink. Furthermore, the proposed work COMSD enables network coverage, 
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which eliminates the problem of isolated nodes. Table 4.4 indicates that the proposed work 

performed better than the two existing works in terms of the stability of network lifetime. 

4.6. Result Evaluation 

The performance evaluation for the proposed work with the two existing works is described 

generally in table 4.5., and the results are taken by executing the simulation in 2500 rounds to 

obtain the accuracy of the experiment. Based on the results, it is possible to conclude that the 

proposed COMSD outperforms two existing works by minimizing energy consumption and 

extending network lifetime. The result of all performance evaluation metrics in the proposed 

COMSD improved over LEACH-CM and LEACH-CDM by increasing the number of alive nodes, 

decreasing the number of dead nodes, increasing throughput, and increasing the network's 

remaining energy. This happens due to the optimal data gathering in an energy-efficient manner. 

All those verified the proposed COMSD performs better in all measuring procedures. To evaluate 

the performance results, this study employed a simulation approach and evaluated the amount of 

alive and dead nodes, throughput, and network remaining energy. 

Figure 4.6 shows the throughput results for the proposed work with the existing work and which 

shows improvement over the two existing works. In this case, the result reveals that the proposed 

COMSD outperforms the most efficient result in terms of throughput. Finally, the packet received 

by the mobile sink is increased as shown in table 4.3. 

 Table 4.2 throughput in a given round 

Algorithms  The Number of Rounds 

500 1000 1500 2000 2500 % 

LEACH-CM 6579 24855 29060 29321 29321 48.86% 

LEACH-CDM 11965 33505 43455 44306 44306 73.84% 

COMSD 14031 39290 50570 52076 52125 86.87% 
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Figure 4.6: Comparison in terms of throughput 

Figure 4.7 compares the proposed work with the existing work for a particular round, displaying 

the number of alive nodes and the number of dead nodes. In this instance, when compared to the 

two existing works, COMSD produces the most effective solution. 

 

Figure 4.7: FND, HND, AND Network lifetime comparison 

Finally, the increment of the number of alive nodes and decrement of the number of dead nodes 

are shown in table 4.4. 
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Table 4.3: the stability of network lifetime 

 

Therefore, our study answers all the raised question in research and meet the specific objective by 

improving the existing work which improves four metrics in our paper. Based on the above result 

in figures 4.6, and 4.7, we conclude that the proposed work COMSD outperforms better results 

over LEACH-CM and LEACH-CDM.  

Result Summary: As described in the above sections proposed work and two existing works are 

simulated using a similar network size or environment, number of nodes, initial energy, and 

number of rounds. The proposed work COMSD was more efficient than LEACH-CDM and 

LEACH-CM in all measured performance metrics. So, the data is optimally gathered in an energy-

efficient manner and the proposed solution gives better network performance. Generally, figure 

4.8 describes the summarization of the above table percentage values. The graph shows by what 

percent the related works and proposed COMSD increase the network lifetime and reduce the 

energy consumption. As the graph shows there was improvement between the existing LEACH-

CDM, LEACH-CM, and the proposed COMSD in four performance metrics.  

The number of alive nodes: is improved in our study by the proposed COMSD by 44.08% over 

LEACH-CM and 33.8% over LEACH-CDM. This demonstrates how the COMSD outperforms 

the two previously completed works. Last but not least, the proposed work increases the number 

of active nodes in the networks. 

Throughput: in our study, the proposed COMSD improves throughput or the number of packets 

received by mobile sink by 38.01% over LEACH-CM and 13.03% over LEACH-CDM. This 

indicates the improvement of the COMSD over the two existing works. Finally, the proposed 

COMSD increases the throughput of the networks. 

Network remaining energy: in our study, the proposed COMSD improves the residual energy of 

the networks by 40.6% over LEACH-CM and 27% over LEACH-CDM. This indicates the 

Algorithms  FND HND AND 

LEACH-CM 207 616 1130 

LEACH-CDM 355 807 1387 

COMSD 530 991 2232 
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improvement of the COMSD over the two existing works. Finally, the proposed COMSD increases 

the networks remaining energy in our study. 

Table 4.4: Performance Improvement of the proposed work 

Metrics Improved LEACH-CM by % LEACH-CDM Improvement by % 

Number Alive Node 44.08% 33.8% 

Throughput  38.01% 13.03% 

Network Remaining Energy 40.6% 27% 

 

In comparison to LEACH-CM and LEACH-CDM, COMSD improves all four performance 

measures with the best efficiency, as indicated in table 4.5 and the graph results in figure 4.8. 

 

Figure 4.8 Comparison of the Proposed with the Existed work Summary 

Generally, the proposed work outperforms better than existing work based on four performance 

metrics. The performance metrics we have utilized in this study include the number of alive nodes, 

the number of dead nodes, the network's remaining energy, and the throughput. So, as shown in 

all of the above results the proposed work outperforms better in all aspects of performance 

comparison. 
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4.7. Discussion  

For the validation of the performance of this study, the proposed COMSD is compared with the 

two existing works. This study used the number of alive and dead nodes, the throughput, and the 

network remaining energy for the performance evaluation. The proposed COMSD shows 

improvement in terms of the number of alive nodes, the number of dead nodes, the throughput, 

and the network remaining energy which is shown in figure 4.8 confirms the proposed COMSD 

has the best result in all measured performance metrics. So, our proposed COMSD solves the 

optimal data gathering problems and improves the network performance in terms of performance 

metrics evaluated.  

The four stated research questions in this study were addressed based on the result and performance 

evaluation metrics have been done. It is discussed as follows:  

 Q1: What is the effect of optimal data gathering issues on the network performance in WSNs?  

The first question is about the effect of optimal data gathering on network performance. As 

discussed in the related work, the existing works affect the performance of the entire network. Due 

to this, the number of dead nodes increases, the throughput is minimized, and packet loss is 

increased. Therefore, this study answers the first question by improving all four performance 

metrics, to show its improvement over the two existing works. Finally, the number of alive nodes 

increases, the throughput is increased, and the network remaining energy is increased in our 

experiment. 

 Q2: How do we select cluster head nodes in efficient ways? 

In this study, the efficient CH was selected by using particle swarm optimization based on criteria, 

including residual energy, the inter-cluster distance, the node density, and the energy consumption 

rate. Therefore, the sensor node, which fulfills the above criteria can be selected as an efficient 

CH. That means sensor nodes with higher residual energy and energy consumption rate, at a low 

inter-cluster distance, and minimized node density will be selected as an efficient CH. The selected 

efficient CH in every cluster is responsible for the collection, aggregation, and forwarding of the 

packets to MS when nearby. 
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 Q3: How to design a cluster-based optimal data gathering routing protocol for WSN with the 

mobile sink? 

The third question in our study is answered by employing a cluster-based optimal data gathering 

with mobile sink methods. In this method first, the selection of an efficient CH by using PSO is 

done based on the sensor nodes that have high residual energy, low inter-cluster distance, node 

density, and high energy consumption rate. After the selection of CH and cluster formed, optimal 

data gathering takes place by using a mobile sink based on the low energy CH, shortest path length, 

and small cluster size. So, the proposed COMSD answer this question and shows the improvement 

of this work.  

 Q4: How do evaluate the performance of the proposed work with existing LEACH-CM and 

LEACH-CDM? 

The fourth question is about the performance evaluation of the proposed solution with the existing 

works. In this case, the proposed COMSD is evaluated by using the performance metrics such as 

the number of alive and dead nodes, throughput, and network remaining energy. The proposed 

work is better than compared with an existed works LEACH-CM and LEACH-CDM. 

4.8. Summary  

In this chapter, the optimization problem is solved by using the proposed COMSD and the 

performance of the work was evaluated based on four metrics. To solve the problem different 

simulation parameters were done. The performance of LEACH-CM, LEACH-CDM, and COMSD 

were evaluated with performance metrics of the number of alive nodes, the number of dead nodes, 

the throughput, and remaining energy with the simulation environment, and simulations were done 

in 2500 rounds to obtain the accuracy of the experiment. After that, an analysis of the data reveals 

that the proposed work, COMSD, performs better than the existing works. This was accomplished 

by choosing the effective CH based on four criteria and getting the best amount of data possible 

utilizing the PSO based on three criteria. Metrics like the number of active and inactive nodes, 

throughput, and remaining energy have all been enhanced. While the number of dead nodes 

reduced in COMSD, the number of alive nodes increased along with the network's throughput and 

remaining energy. Finally, the proposed COMSD achieves better than existing works under the 

four evaluated metrics. 
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CHAPTER FIVE 

CONCLUSIONS AND FUTURE WORKS 

5.1. Conclusions  

In this study, the problem of gathering data optimally with a mobile sink in WSN is difficult for a 

mobile sink to visit each sensor node. This makes more energy consumption, packet loss increase, 

and inefficient energy. To achieve our objective we have proposed a cluster-based optimal data 

gathering routing protocol with the mobile sink in this study, which is used to reduce energy 

consumption and extend network lifetime. To gather data optimally, Sensor nodes in the field are 

grouped depending on a set of parameters. First, in the proposed COMSD using PSO, efficient 

cluster heads are chosen based on four criteria such as residual energy, inter-cluster distance, node 

density, and energy consumption rate. Following the selection of an efficient cluster head, the 

cluster is formed and then the cluster head collects data from the sensor nodes, aggregates the 

collected data, and transmits the aggregated data to the MS when it is nearby. The mobile sink 

must arrange the cluster heads based on three criteria like the cluster head with low energy, the 

shortest path length, and the cluster head with the smallest cluster size. Finally, after this order has 

been established, the mobile sink follows the trajectory pathways and gathers the optimal data. In 

a conclusion, by enhancing the CH selection process, decreasing energy consumption and packet 

loss, and extending the network lifetime, the proposed work COMSD outperforms the 

existing work LEACH-CM as well as LEACH-CDM. 

We used the MATLAB2021a simulation tool to evaluate how well our proposed work COMSD 

performed. Finally, performance metrics including throughput, the number of live and dead nodes, 

and network remaining energy were used to compare the proposed work and the existing work. As 

a result, the proposed work performs better than the existing work. 

5.2. Contributions  

The output of this study was in the proposed work COMSD that gathered data optimally with a 

mobile sink. The proposed work contains clusters, which have a CH that was selected based on 

four criteria and after an efficient CH was selected, an MS gathered data optimally depending on 

three criteria. So, the proposed COMSD was used to improve the network performance by 
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increasing the network lifetime and reducing energy consumption. Therefore, the following 

performance metrics are improved better when compared to the existing works. 

The lifetime of nodes was increased in the proposed solution improved by 44.08% over LEACH-

CM and 33.8% over LEACH-CDM. The throughput was increased in the proposed solution 

improved by 38.01% over LEACH-CM and 13.03% over LEACH-CDM. The network's remaining 

energy was increased in the proposed solution improved by 40.6% over LEACH-CM and 27% 

over LEACH-CDM. 

The main contributions of this work are summarized as follows: 

 In this work, the proposed COMSD select an efficient CH based on residual energy, inter-

cluster distance, node density, and energy consumption rate by using PSO.  

 In this work, the proposed COMSD used a mobile sink to gather optimal data based on low 

energy of CH, shortest path length and small cluster size.  

 This work is very important for different applications like in the military for detection of 

enemy movement, intrusion detection; in the environment for detection of forest fire, and 

prevention of natural disasters; and researchers can use this work as an input for providing 

better optimization. 

5.3. Future Works 

The proposed work aims to reduce the energy consumption of sensor nodes and increase the 

lifetime of a wireless sensor network by addressing the weak points or gaps in the existing work. 

However, despite the significant challenges that happened in a wireless sensor network, the 

proposed work is sufficient. The security of nodes may be a challenge, especially when designing 

cluster-based optimal data gathering among sensor nodes.  As a result, for future study, we will 

use to improve the proposed work by taking into account the wireless sensor networks' security 

issues. We employed stationary sensor nodes and one mobile sink in this proposed study; in the 

future, we will use a mobile sensor node and a mobile sink node. 
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APPENDIXES 

Appendix A: MATLAB tool directory  

 

 

Appendix B: MATLAB Editor space 
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Appendix C: MATLAB Workspace 

 

 

Appendix D: MATLAB Command Window 
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Appendix E: Sample code for an efficient cluster head selection 
countCHs=0; 

    cluster=1; 

    for i=1:1:n 

        if(S(i).E>0) 

            temp_rand=rand;   

           if ( (S(i).G)<=0)   

                if(temp_rand<= (p/(1-p*mod(r,round(1/p))))*(S(i).E/Eo))%%Improvement1 

                    for j=1:1:n 

                          if(sqrt( (S(i).xd-(S(j).xd))^2 + (S(i).yd-(S(j).yd))^2 )<40) 

                              adDis=adDis+1; 

                          end 

                     end  

                if(adDis>40) 

                 countCHs=countCHs+1; 

                    packets_TO_MS=packets_TO_MS+1; 

                    PACKETS_TO_MS(r+1)=packets_TO_MS; 

                    S(i).type='C'; 

                    S(i).G=round(1/p)-1; 

                    C(cluster).xd=S(i).xd; 

                    C(cluster).yd=S(i).yd; 

                    distance=sqrt( (S(i).xd-(S(n+1).xd))^2 + (S(i).yd-(S(n+1).yd))^2 ); 

                    C(cluster).distance=distance; 

                    C(cluster).id=i; 

                    X(cluster)=S(i).xd; 

                    Y(cluster)=S(i).yd; 

                    cluster=cluster+1; 

                    distance; 

                    if (distance>do && mod(r,2)==0 ) 

                        S(i).E=S(i).E- ( (ETX+EDA)*(4000) + Emp*4000*( 

distance*distance*distance*distance ));  

                    end 

                    if (distance<=do && mod(r,2)>=0 ) 

                        S(i).E=S(i).E- ( (ETX+EDA)*(4000)  + Efs*4000*( distance * distance ));  

                    end 

                     end  

                end  

            end 

             % S(i).G=S(i).G-1;   

        end  

    end 

    STATISTICS.COUNTCHS(r+1)=countCHs; 
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Appendix F: residual energy, inter-cluster distance, and node density 
Calculation of residual energy in the network 

for r=0:1:rmax  

if(mod(r, round(1/p) )==0)  

for i=1:1:n 

 S1(i).G=0; 

 S1(i).c1=0; 

end 

end 

Ei1(r+1)=0; 

for i=1:200 

distance=sqrt( (S1(i).xd-(S1(n+1).xd) )^2 + (S1(i).yd-(S1(n+1).yd) )^2 ); 

Ei1(r+1)=S1(i).E+Ei1(r+1)-((ETX)*4000+Efs*4000*( distance * distance ));  

%El = Energy left for the round 

end 

Ec(r+1)=Et-Ei1(r+1); %Et=total energy, Ec=Energy consumed till previous round 

allive1=n; 

if((S1(i).E>=(Ei1(r+1)/allive1))) 

%calculating distance 

for i=1:1:n+1 

for j=1:1:n+1 

 dist(i,j)=sqrt((S1(i).xd-(S1(j).xd))^2 + (S1(i).yd-(S1(j).yd))^2); 

end 

end 

end 

%calculating density of each nodes 

for i=1:1:n 

for j=i+1:1:n+1  

 rho(i+1)=0.; 

 rho(j+1)=0.; 

end 

end 

for i=1:1:n+1 

for j=i+1:1:n+1 

 rho(i)=rho(i)+exp(-(dist(i,j)/dc)*(dist(i,j)/dc)); 

 rho(j)=rho(j)+exp(-(dist(i,j)/dc)*(dist(i,j)/dc)); 

end 

end 

%calculating distance 

maxd=max(max(dist)); 

[rho_sorted,ordrho]=sort(rho,'descend'); 

 delta(ordrho(1))=-1.; 

 nneigh(ordrho(1))=0; 

for i=2:1:n 

 delta(ordrho(i))=maxd; 

for j=1:i-1 
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if(dist(ordrho(i),ordrho(j))<delta(ordrho(i))) 

 delta(ordrho(i))=dist(ordrho(i),ordrho(j)); 

nneigh(ordrho(i))=ordrho(j); 

end 

 end 

end 

 delta(ordrho(1))=max(delta(:)); 

for i=1:1:n 

 ind(i)=i; 

 gamma(i)=Ei1(r+1)*rho(i)*delta(i); 

 end 

end 

Appendix G: Stability  
 

dead=0; 

    for i=1:1:n 

        if (S(i).E<=0) 

            dead=dead+1;  

            if (dead==1) 

                if(flag_first_dead==0) 

                  first_dead=r; 

                  flag_first_dead=1; 

                end 

            end 

            if(dead==0.5*n) 

                if(flag_half_dead==0) 

                  half_dead=r; 

                  flag_half_dead=1; 

                end 

            end 

            if(dead==n) 

                if(flag_all_dead==0) 

                    all_dead=r; 

                    flag_all_dead=1; 

                end 

            end 

        end 

        if S(i).E>0 

            S(i).type='N'; 

        end 

    end 

    STATISTICS.DEAD(r+1)=dead; 

    STATISTICS.ALLIVE(r+1)=allive-dead;  
 


