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Abstract 

  Wireless Sensor Networks (WSN) are the networks which comprised of multiple sensing 

units that have the ability of networking wirelessly, monitor the environmental conditions and 

can perform signal processing. WSNs are limited by energy, storage capability and power 

consumption. Therefore, it is important to consider these limitations while choosing routing 

protocols for WSN. The routing protocols can be categorized based on their attributes and 

network typology. Performance of these routing protocols can be evaluated by the several 

performance metrics. This evaluation can be analyzed the performance of routing protocols and 

the optimization can be done using that analysis. In this project, some of the cluster head based 

routing protocols will be selected and simulate using MATLAB and the simulated results will be 

analyzed. Firstly, Low Energy Efficient Adaptive Clustering Hierarchy (LEACH) routing 

protocol is simulated in MATLAB and analyzed the performance. It is one the most popular 

routing protocols based on cluster-head routing algorithm. Stable Election Protocol (SEP) 

routing protocol is also simulated using MATLAB in this project and the evaluation of the 

performance of the protocol will be discussed. 
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1 Introduction 

1.1 Background of Study 

 Wireless Sensor Network (WSN) is the system which comprised of multiple sensing 

modules or sensor that can monitor, communicate and process the sensed data to desired location 

or host. Each sensor is design to monitor the environmental conditions like environmental 

temperature, surrounding pressures, vibrations and geographical conditions. These sensors are 

functioning together as a wireless network and send the required information to the main 

monitoring control unit. [1] 

 It can be implemented in many applications such as health care monitoring in hospital, 

area monitoring in oil and gas structures, forest fire detection, water quality monitoring and air 

pollution monitoring. Modern WSN are now emerging in the area of automation, agriculture and 

other fields. So, in telecommunications, WSNs are active research area with different challenges 

and developments. 

 In the process of routing, the sensed data from the sensor are delivered from the source to 

the sink via the most efficient path. The main function of the routing protocols is to set up paths 

between sensor nodes and data sink [2]. By using efficient routing protocols can enhance the 

efficiency, performance and lifetime of the WSN. Basically routing techniques in WSNs can be 

categorized into data-centric, hierarchical and location based protocols in term of their network 

structure. Under each categorized there are different techniques that can be used to achieve the 

desired performance. 

 The routing techniques among WSNs are become very challenging in such ways that the 

techniques are depending on its application and limited resources such as energy. It is also 

important to maximize the network lifetime and data capacity that can delivered from the source 

to sink. The project is mainly focusing on analysis of the cluster based routing protocols in 

WSNs using performance metrics. [3] 
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1.2 Problem Statement 

 In the application of WSNs, there are numerous restrictions such as limited power and 

energy, the processing time and bandwidth of the network. The modification of routing 

techniques can minimize the hop, energy consumed per packet, error rate and latency. On the 

other hand, it can be increased reliability, link quality, data capacity and network lifetime. 

 Routing in WSNs is also influenced by various challenging factors and these factors must 

be managed to overcome before efficient WSN is established. Some of these factors are node 

deployment, data delivery model, power consumption, scalability, mobility of network, 

transmission media and environmental effects. Due to these impacts, designing the routing 

protocols is very challenging application dependent. [4] 

 In order to evaluate the performance of routing protocols, there are various metrics have 

been used to compare them. Because of The lack of common metrics used, it is difficult to 

achieve an accurate performance and comparison of routing protocols. So, performance 

analyzing of routing protocols and understanding of their impact will be the main objective of 

this project. [5] 
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1.3 Objectives 

To observe the fundamentals of routing protocols in WSNs 

To understand the performance metrics of the routing protocols 

To analyses the performance of routing protocols and simulate in MATLAB 

 

 

1.4 Scope of Study 

 The project needs to understand the fundamentals of WSNs and the routing protocols. In 

order to achieve that knowledge, researching and studying the basis of WSNs and its routing 

protocols from trusted sources, journals and conference papers has to be. After that, the specific 

routing protocols in WSNs will review while carrying out the project. By doing that, more 

understanding can be achieved and that will assist in analyzing the performances and comparison 

between these routing protocols. 

The project will continued analyzing the cluster based routing protocols using the 

MATLAB. Choosing of particular protocols and implement those into the MATLAB and 

analyzing the performance using respective metrics will be covered in the project. 
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2 Literature Review 

 Wireless Sensor Network (WSN) involved numerous sensors that can identify or monitor 

environmental condition like temperature, pressure, motion and other important factors. After 

detecting the required data, each sensor node has the function of delivering that information to 

the base control station via gateway sensor node. 

 

 

Figure 1: Simple WSN architecture 

  

Routing in the WSNs is the process of delivering data or sensed data from the sensor 

node to the base station by selecting the best path. In WSNs, the sensor nodes have the capability 

of wireless communication and data processing. They transform the monitored conditions to the 

electric signal and deliver to the sink. Sensing nodes usually composed of power unit, processing 

unit, sensing unit and transceiver unit. Power units may be sustained by power scavenging unit 

likes solar cells. Processing unit involved storage unit and processor. Sensing Unit composed of 

sensors and analog to digital converters (ADCs). Transceiver unit are normally connects the node 

to the network. In some application, the system also included mobilizer unit.  
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There are several routing techniques are already proposed for the WSNs. These routing 

techniques can be categorized into Data Centric, Hierarchical and Location Based, in term of 

their network structure. Basically, the sink transmits queries to specific regions and the sensors 

located in that regions response those queries in Data Centric protocols. In Hierarchical routing, 

high energy nodes are used to process and transmit the information while low energy nodes are 

performing the sensing that particular area of interest. In Location based routing, nodes know 

where their geographical region is and to improve the performance of routing to provide new 

types of services. Besides that, the routing protocols can also be categorized in terms of route 

selection based and operation based. The summary of these classification are shown below in 

figure 3. [6] 

Sensor Processor Transceiver 

Power Unit 

ADC Storage Mobilizer 

Figure 2 : Components of a sensor node 
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Figure 3 : Summary of Routing Protocols in WSNs 

 

 Routing protocols can be evaluated using metric and these metric can identify the 

effectiveness of a routing protocol. These metrics have a significant effect on comparing one 

routing protocol with another in such a way that analysis can be done to improve their quality in 

term of energy, availability and etc. Evaluable metrics can be also categorized into Performance 

Metrics, General Metrics, Security Metrics, Quality of Service Metrics and Link Quality Metrics. 

[7] 

Clustering is the forming of a group of sensor nodes in a particular area of WSN. The 

cluster head will be selected in each round of data transmission within that particular area. The 

cluster head communicated directly with the base station while normal nodes are communicated 

to the cluster heads, so the energy used by normal nodes could be reduced. Besides, the forming 

of cluster head will vary form one round to another in order to minimize the energy 

consumption. The main objective of clustering is to increase the energy efficiency. [8] 

  

Routing Protocols 

Route Seletion Based 
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Reactive  

Hybrid 

Network Structure 
Based 

Data Centric 

Hierachical 

Location 
Based 

Operation Based 

Multipath 

Query Based 

Negotiation 
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QoS Based 

Coherent 
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For FYP1, Low Energy Adaptive Clustering Hierarchy (LEACH) routing protocol is 

selected to simulation and analyzing. It is the most prior and popular energy-efficient 

hierarchical clustering routing protocol for WSN under the category of Hierarchical Based 

Routing Protocols. The main advantages of LEACH routing protocol is it is design to reduce 

power consumption by introducing the features of choosing cluster-head. The sensor nodes are 

choosing the cluster-head based on the energy and distance within specific region. And the 

clustering is rotated among the sensor nodes form one round to another. The cluster head are 

only nodes to transmit the data to the base station so that the energy consumption is minimized 

and the lifetime is maximized.[9] 

The selection of cluster-head is depending on decision on generating a random number 

between 0 and 1. If the number is less than a threshold T(n), the node becomes a cluster-head for 

the current round 

. ( )  {

 

    (      (
 

 
))
        

                    

            (2.1) 

  Where P is suggested percentage of cluster-heads, r equals to current round and G is the 

set of nodes that have not been cluster-heads in the last 1/P. 

The value of energy needs to transmit and receive     and     of a bit message between 

two nodes is given by 

    {
                         

                         

       (   )     

                                             (   ) 

  is the number of bits in each data message,       is the per bit energy dissipation for 

transmission and reception,    is the threshold transmission distance and    √
   

    
 ,    and 
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     are the amplifier parameters of transmission to free-space and two-ray models 

respectively. 

The energy dissipation in cluster head in one single frame    is 

      
 

 
 (         )             

          (   ) 

      is the distance from the cluster-head to the base station,     is the energy consumption of 

one byte in data aggregation. 

The energy dissipation of non-cluster-head node is 

                         
          (   ) 

     
 

 is the distance from the node to the cluster-head.[10] 

 

 

Figure 4 : LEACH routing Protocol   
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Stable Election Protocol (SEP) is another cluster based and heterogeneous-aware protocol 

in WSN routing protocols. The main objective of implementing this protocol is to maximize the 

energy consumption and lifetime of a network. SEP protocol is implementing when there is a 

need of longer network lifetime which can be crucial for some applications where the feedback 

from the sensor network must be reliable. SEP protocols included the advanced nodes which are 

more likely to become the cluster heads than the normal node. The initial energy of these 

advanced nodes are normally possessed more energy compare to the normal nodes. The initial 

energy of advances node become E0*(1+(α*m)) where α is the additional energy factor between 

advanced and normal nodes and m is the fraction of advanced nodes.  Now some of the nodes 

possess more initial energy and they would like to operate as advance nodes.This can maximize 

the stability period (when the first node is death) because the cluster heads are now acquired 

more energy to operate.[11] 

 

Figure 5: :SEP routing protocol [12] 
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3 Methodology 

   

                                  

Figure 6 :  Methodology of the project 

 

The methodology that is used in this project is learning, implementation and analysis. 

During the planning stage, I developed scope of study, problem statement and project timeline. 

Besides that, I also collected the journals, project papers and conference paper that would give 

knowledge and basic understanding about routing protocols in WSNs. 

In the learning stage, the references papers that collected in planning stage are studied 

and examined. Studying the fundamental of WSNs is the first stage in learning process. At this 

stage, determination of routing protocols that would like to simulate and analyze by finding out 

their advantages and usefulness. 

 Simulation and analysis of routing protocols using MATLAB is important and main 

methodology in this project. Performance of routing protocols can be evaluated by metrics, and 

that will be the main part of the project. Such work can be done in the MATLAB simulation and 

compatibilities of selection of metric will be investigated. Each of the findings will be describe in 

the final dissertation report. During performing the project I will documented all information 

concerned with the project. 

 

 

 

Planning Learning Simulation  Analysis 



18 
 

3.1 Project Activities 
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3.2 Studying the Project Background 

In this stage, studying about the basic and fundamental of WSN has been done. Useful 

information from journals, project papers, articles and books that can improve the understanding 

of WSN and its routing protocols are collected and documented to achieve a better understanding 

about the project. 

The checking of availability of the MATLAB codes while choosing the specific routing 

protocols has been done during this stage. The performance metrics that can be used in future 

simulation are also studied in order to meet with the objective of the project. 

 

3.3 Simulation and Collecting Data 

 After all the information about selected routing protocols and performance metrics, the 

simulation can be carried out to identify the performance of these protocols. 

 The simulation tool that is used in this project is MATLAB tool. There are some other 

simulators for WSN but for the feasibility of the project, the MATLAB tool is chosen to simulate 

the selected WSN protocols.  
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 During the FYP 1, Low Energy Adaptive Clustering Hierarchy (LEACH) is selected to 

simulate in MATLAB and its performance is measured by performance metrics. It is the most 

popular routing protocols based on cluster-head routing algorithm. It is design to have a longer 

network lifetime in such a way that normal nodes are sending the data to their regional cluster 

heads and only the cluster-head nodes or advance nodes are required to transmit the data to the 

base station. Selection of cluster-head is depending on the factor of energy and distance. Rotation 

of choosing the cluster-head for different round is occurred to avoid the energy drainage within 

cluster-head. So, the total energy consumption by the system is reduced and the system can have 

a longer lifetime.  

 

Stable Election Protocol (SEP) is another routing protocol that is selected to simulated in 

MATLAB. It is also the based on cluster-head routing algorithm and heterogeneity. 

Heterogeneity of the WSN can be defined as the initial energy of the sensor nodes in the field are 

not the same. Some of the nodes (advanced nodes) have more initial energy compare to the 

normal nodes in SEP routing protocol. These advanced nodes have more probability of becoming 

the cluster heads. Because of additional initial energy, these cluster heads in SEP can perform 

longer duration compare to LEACH.  
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3.3.1 Simulation Parameters for LEACH and SEP Routing Protocol 

To identify the performance of LEACH routing protocol, we evaluated based on the 

MATLAB simulation. The details of the parameters that were used during simulation are as 

follow: 

 

Parameters Values 

Quantity of Nodes 100 

Network Dimension 100 x 100 

Maximum Number of Round 5000 

Sink Location (50,50) 

Election Probability of a node to become 

cluster-head 

0.1 

Initial Energy 0.5 J 

Extra Energy  1 J 

Probability of node to become advanced node 0.1 

ϵfs   (amplifier parameters of transmission of 

free-space models) 

1x10
-8  

J/bit/m
2
 

ϵamp (amplifier parameters of transmission of 

two-ray models) 

1.3x10
-15

 J/bit/m
2
 

Eelec  (Energy dissipation for transmission and 

reception per bit) 

5x10
-8

 J/bit 

Eda  (Energy consumption of one byte in data 

aggregation) 

5x10
-9

 J/bit 

Etx  (Transmission Energy) 5x10
-8

 J/bit 

Erx  (Receiving Energy) 5x10
-8

 J/bit 

Etrx(Energy to successfully transmit and receive 

the packet)  

0.0004 J 

Table 1 : Simulation Parameters for LEACH and SEP routing protocol 
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Figure 9 : Node Deployment for LEACH routing protocol with 100 nodes 

 

 

                        

Figure 10 : Normal nodes, cluster-head and dead nodes during LEACH protocol simulation 
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Figure 11: :Node Deployment for SEP routing protocol with 100 nodes 

 

Figure 12: :Normal nodes, advanced nodes, cluster nodes and  dead nodes during SEP protocol simulation 

The sensor nodes are randomly distributed and the base station has consistent location, 

during the simulation. All the nodes are homogeneous and energy constrained. Mobility of the 

sensor nodes are excluded in simulation. Modification of parameters can be made but for the 

reason of comparing, all the parameters were set with the table 1. The result of the simulation is 

recorded in the MATLAB.  
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3.3.2 Performance Metrics 

1. Network Lifetime 

Basically the network lifetime can be defined as the time interval that the wireless sensor 

network can be operated. To make a reference point, the time interval is by mean of number of 

round. So the network lifetime is the number round that can be determined as the start of the 

operation to the round that the last node dies.  

 

 

2. Stability Period 

 The stability period is the number of round start from beginning of operation until the 

first node of the network die. It can show the stability or reliability period of the network. 

 

 

 

 

 

3. Instability Period 

 The instability period can be determined as the number of round from the death of the 

first node to the death of the last node. It can determine the period of operation of wireless sensor 

network that cannot be reliable. 

 

 

 

Start of the operation The last node in the network dies 

Number of rounds 

Start of the operation The first node in the network dies 

Number of rounds 

The first node in the network dies The last node in the network dies 

Number of rounds 
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4. Average Energy Dissipation 

 Average Energy Dissipation can indicate the amount of energy is dissipated along the 

network operation. For the energy limited application, this could show the energy efficiency of 

the particular protocols.[13] 

                                          
                                       

                            
    (   ) 

                                           
                                        

                             
   (   ) 

5. Packet Loss Rate 

 Packet Loss Rate can be determined the rate of successful message delivered and it is 

expressed in term of data packets. It is the ratio of the data packets that has loss in the system 

over the data packets that has transmitted. 

                 
                     

                            
            (   ) 

3.3.3Assumptions 

 In this project, routing protocols of WSNs are implemented in MATLAB simulation 

software. The base station of the WSNs has no mobility as well as the sensor nodes. There will 

be no distraction form the external environment and the system is isolated. The effect of 

Adaptive White Gaussian Noise (AWGN), multipath components, intersymbol interference (ISI) 

is ignored so that all transmitted packets are delivered when transmitting nodes and receiving 

nodes have enough energy. 
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3.4 Key Milestones and Gantt Chart 

 

No. Project activities week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 Studying previous 

work 

              

2 Modifying the 

previous routing 

protocols' Code 

              

3 Research on another 

routing protocols in 

WSNs 

              

4 Executing the routing 

protocols in MATLAB 

              

5 Preparing Progress 

Report 

              

6 Performing simulation               

7 Data analysis               

8 Preparing final report               

Figure 13 : Key Milestones and Gantt Chart 

 

3.5 Software Required 

To performing the project, the following software are needed 

 MATLAB 

 Microsoft Office 

 Microsoft Excel 
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4 Results and Discussion 

The simulated results for routing protocols are analyzed based on the performance 

metrics .The first performance metric is the network lifetime. The comparison the network 

lifetime of the routing protocols is illustrated in figure below to see which protocols has better 

network lifetime of operation.  

 

Figure 14: : Network lifetime 

Based on the result, LEACH routing protocol has the network lifetime of 1223 rounds 

and SEP routing protocol has the network lifetime of 1722 rounds. So, the SEP routing protocol 

has a longer network lifetime compare to the LEACH routing protocol. 
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Besides, the stability period of the LEACH protocol is up to round number 736. It has a 

short stability period compared to the SEP protocol which has stability period of 1065 rounds. 

Instability period of the LEACH is round number 736 to 1223 while SEP has round number 1065 

to 1722. So the SEP routing protocol is more reliable than the LEACH protocol because it has 

the better stability period. In term of instability period these two routing protocols has no 

significance difference.  

 

   Figure 15: :Average Energy Dissipation by Normal Nodes 

 In term of average energy dissipation by normal nodes, LEACH protocol has more 

energy dissipation than the SEP protocol. For the normal nodes SEP is more energy efficient 

than the LEACH. 
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Figure 16: : Average Energy Dissipation by Cluster Heads 

For cluster heads, the LEACH protocol has better energy efficiency than the SEP 

protocol. SEP protocol included advanced nodes which has additional energy. When this 

advanced nodes becomes the cluster heads it can dissipate more energy than the cluster heads of 

LEACH protocol. 

In term of packet loss rate, the LEACH protocol has 0.0007 (0.07%) and SEP protocol 

has 0.00077 (0.077%). Packet loss rate indicated the network performance in term of packet lost 

related with the amount of packet transmitted. Almost equivalent performance is showed for 

LEACH and SEP protocols. 
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5 Conclusion 

 Wireless Sensor Network (WSN) is the system which comprised of multiple sensing 

modules or sensor that can monitor, communicate and process the sensed data to desired location 

or host. WSNs have the application on environmental monitoring, vibrations and geographical 

conditions. In WSNs the process of sending the required information from the source to the sink, 

gateway sensor and base station is call the routing. Routing protocols in WSNs can be 

categorized by their network typology, route selection and their operations. Under each 

categories there are several routing protocols based on different techniques. There are several 

metrics to evaluate the performance of these routing protocols and selecting of these metrics can 

vary the performances. The simulation can be run in the MATLAB for analyzing the 

performance of these routing protocols. The methodology for carrying out the project is 

planning, learning, simulation and analyzing. The basic and fundamental about the WSN and 

routing protocols are studied before executing the protocol to simulation platform. Simulation 

and analyzing the performance of these routing protocols with performance metrics using the aid 

of MATLAB will be the core part of the project. At this time, the LEACH routing protocol and 

SEP routing protocol is implemented in MATLAB and simulated. The performance of the 

protocol is determined by the lifetime of the network, stability period, instability period ,average 

energy consumption and packet loss rate.   
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7 APPENDIX 

APPENDIX A 

MATLAB CODE FOR LEACH ROUTING PROTOCOL 
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APPENDIX B 

MATLAB CODE FOR SEP ROUTING PROTOCOL
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