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A B S T R A C T  
 

 

Wireless sensor networks contain of many sensors that can serve as powerful tools for data collection in 
environments. A key challenge in these networks is the limited lifetime of sensor batteries. Ideally, all 

nodes would exhaust their energy simultaneously or through regular scheduling, maximizing the 

lifetime. Consequently, the primary concern is achieving optimal energy utilization to extend the 
network's lifetime over a logical duration. Depleting the batteries of the sensors means stopping the 

operation of the network, because it is practically impossible to replace the batteries of thousands of 

nodes.  To address this issue, the low energy adaptive clustering hierarchical (LEACH) protocol has been 
widely recognized as one of the prominent solutions for clustering WSNs. However, the random 

selection of cluster heads in each round under the LEACH protocol fails to guarantee proper 

convergence. To overcome this limitation, this paper proposes a refined approach by utilizing a genetic 

algorithm and a novel objective function that incorporates various factors, including energy level and 

distance. The algorithm employs chromosomes to represent CHs and facilitates the selection of cluster 

nodes. Notably, the proposed algorithm dynamically performs clustering, meaning that clustering is 
conducted iteratively, considering identifying dead nodes. By leveraging this approach, the algorithm 

significantly enhances the clustering quality, ultimately leading to an increased network lifetime. To 

validate its effectiveness, it is compared with LEACH, LEACH_E and LEACH_EX algorithms, 
demonstrating its superior capabilities. On average, the proposed algorithm has more alive nodes in the 

network, and the remaining energy is at least 11% higher than the best other algorithms. 

doi: 10.5829/ije.2024.37.09c.10 
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1. INTRODUCTION 
 

The demand for observing unfamiliar environments and 

their surrounding conditions has necessitated using 

robust wireless communication tools. To meet this need, 

microsensors have been developed, giving rise to the 

concept of WSNs (1-3). These networks encompass a 

multitude of sensors capable of efficient data collection 

across diverse environments. Each sensor is equipped 

with a sensor module, processing module, 

communication module, and battery, all working together 

to gather valuable information. The collected data is 

wirelessly transmitted to a central station for presentation 

to end-users. The primary, and main objective of WSNs 

is to monitor and control environmental conditions 

within a specific range. In Figure 1, a visual 

representation of a hypothetical environment and its key 

components is depicted. 

Energy consumption poses a significant challenge in 

WSNs and should be minimized. To achieve this, 

restrictions can be imposed on node access to the base 

station (BS), resulting in substantial energy savings. 

Hence, a select number of nodes, known as CHs, are 

granted access to the central station. Other nodes within 

a subnetwork send their information to the CH, which 

accumulates and forwards the received information to the 

BS. Consequently, selecting a proper clustering 

algorithm and also CHs becomes a critical concern in 

WSNs (4, 5). 

The LEACH algorithm (6) is one of the protocols that 

adopts a probabilistic model for selecting CHs in 

network. In this protocol, all nodes are periodically 

chosen as CHs. Each round encompasses two phases: the 

first phase focuses on forming clusters, while the second 

phase involves transmitting data to the BS. 

The CH selection procedure in the LEACH algorithm 

is based on a probabilistic model, which means there is a  
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Figure 1. Communication architecture of WSNs 

possibility of clustering neighboring CHs. Unfortunately, 

this could result in inefficient selection and suboptimal 

energy consumption. The LEACH algorithm has two key 

phases: CH selection and information transmission. The 

fundamental concept behind the LEACH algorithm is 

that all nodes are chosen as CHs during periodic rounds. 

The main relationship of this algorithm can be expressed 

as follows: 

𝑇(𝑛) = {
𝑃

1−𝑃(𝑟 𝑚𝑜𝑑(
1
𝑃

))
               𝑖𝑓,𝑛 𝜖 𝐺

0                                         𝑂.𝑊,
  (1) 

In the LEACH algorithm, the value of 𝑃 represents the 

probability of becoming a CH. The variable 𝑟 presents 

the current round number, while G represents the nodes 

that have not served as CHs in the past 1/𝑃 rounds. Each 

CH creates a scheduling table to determine when data 

transmission should occur for each member. Once the 

clusters are made, each CH sends a TDMA scheduling 

program to the nodes within its cluster. This program 

specifies the time intervals each node can transmit its 

information to the CH. A radio model is employed as the 

basis for LEACH algorithm. 

To ensure balanced energy consumption, and extend 

the network lifetime in WSNs, the energy consumption 

model should be carefully designed. The energy 

consumed through information transmission operations 

includes the usage of electronic circuits and transmission 

amplifiers. In contrast, the energy consumed during data 

reception operations only considers the energy used by 

electronic circuits. Hence, data transmission operations 

generally consume more energy than data reception 

operations. It is also worth noting that wireless data 

exchange consumes more energy compared to sensory or 

memory operations within the sensor itself. In our model, 

we specifically focus on the energy consumed by the 

sensor nodes during data exchange, and exclude the 

energy consumption of other operations. The radio model 

is visualized in Figure 2. 

Therefore, we can establish the following 

relationships: 

𝐸𝑇𝑋(𝑘, 𝑑) = (𝐸𝑒𝑙𝑒𝑐 ∗ 𝑘) + (𝐸𝑎𝑚𝑝 ∗ 𝑘 ∗ 𝑑2)  (2) 

𝐸𝑅𝑋 = 𝐸𝑒𝑙𝑒𝑐 ∗ 𝑘 (3) 

In the equations, 𝐸𝑅𝑋  represents the energy loss of the 

receiving node, and 𝐸𝑇𝑋 represents the energy loss of the 

transmitting node. 𝐸𝑒𝑙𝑒𝑐  represents the energy used for 
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Figure 2. The energy consumption model is considered in 

this paper (Model of wireless communication energy 

consumption) 
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sending and receiving one bit of information, 

independent of distance. 𝐸𝑎𝑚𝑝  represents the energy 

required to amplify the transmitted signal over the 

desired distance. The variable 𝑘 denotes the length of the 

message (bits), and d indicates the distance to the 

receiving node. 

Several methods have been proposed to increase the 

performance of LEACH algorithm. The relevant 

algorithms are listed in Tables 1 and 2. All the efforts 

taken so far have been directed towards improving the 

efficiency of the LEACH algorithm. Similar to other 

applications, the genetic algorithm (GA) has been 

utilized in the LEACH protocol to enhance its 

performance. Researchers have also conducted studies on 

enhancing the LEACH CH selection algorithm to 

improve further the routing protocol's efficiency and 

network lifetime of WSN (7), A genetic algorithm is 

proposed that randomly selects nodes in a network to 

serve as cluster heads (8). It then determines the number 

of predefined independent clusters to reduce and 

minimize communication distance. They claimed to have 

obtained good results. Bari et al. (9) introduced an 

energy-saving method based on a GA for arrangement 

information gathering among relay nodes. This approach 

considerably prolongs the lifetime of a relay node 

network. It focuses on determining an appropriate routing 

policy for upper-tier relay node networks. The GA-based 

technique always finds the best solution (or convergence 

towards the optimal solution) for smaller networks in 

WSNs. 

Liu and Ravishankar (10) introduced LEACH-GA, a 

variant incorporating a GA in the preparation phase. This 

algorithm determines the optimal probability to find CH. 

The set-up and steady-state phases follow this selection 

process. Rahmanian et al. (11) presented the results of 

applying two new objective functions (to four different 

types of sensor networks), and compared with the results 

obtained by the SA method. These objective functions 

were designed to select nodes in clusters that minimize 

energy consumption and maximize lifetime for each 

node. Peiravi and Javadi (12) proposed an optimal 

solution for clustering WSNs using a multi-objective 

two-nested GA, referred to as M2NGA. This proposed 

algorithm is executed by the Base Station (BS) node to 

optimize both network lifetime and minimize delay in 

WSN (wireless sensor network).  

 

 
TABLE 1. Types of protocols derived from the base LEACH algorithm (Single-hop, Dis: Distributed, Hyb: Hybrid, Cen: Centralized) 

 Single-hop LEACH 

 LEACH successor Year Clustering Overhead Scalability Energy efficiency 

1 LEACH May 2000 Dis. High Low Moderate 

2 LEACH-C Oct 2002 Cen. Low Low High 

3 LEACH-DCHS Sep 2002 Dis. High Low High 

4 Solar-LEACH June 2004 Hyb. High Moderate Very high 

5 SLEACH April 2005 Dis. High Moderate Low 

6 LEACH-Mobile June 2006 Dis. Very High Low Low 

7 Sec-LEACH July 2006 Dis. Very High High Low 

8 A-sLEACH April 2007 Dis. High Moderate High 

9 Q-LEACH May 2007 Dis. High High High 

10 ME-LEACH July 2008 Dis. Low Low Moderate 

11 Armor-LEACH Aug 2008 Dis. Very High Low Low 

12 A-LEACH Dec 2008 Dis. High Moderate High 

13 T-LEACH June 2009 Dis. Moderate High High 

14 LEACH-H Nov 2009 Hyb. High Moderate High 

15 U-LEACH March 2010 Dis. Low Low High 

16 LEACH-B Aug 2010 Dis. High Low High 

17 LEACH-GA April 2011 Dis. High Low High 

18 FL-LEACH April-2012 Dis. Low High Low 

19 LEACH-SWDN May 2012 Dis. Moderate High Low 

20 EP-LEACH April 2013 Dis. High Low Very high 
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21 I-LEACH May 2013 Dis. Moderate High High 

22 LEACH-G Oct 2013 Hyb. Low High High 

23 FT-LEACH March 2014 Dis. High Low Moderate 

24 IB-LEACH Aug 2014 Dis. High Low High 

25 V-LEACH June 2015 Dis. High Low Very high 

26 EMOD-LEACH Sept 2015 Dis. High Low High 

27 EHA-LEACH Feb 2016 Dis. High High Very high 

28 LEACH-MAC July 2016 Dis. High Moderate High 

 

 
TABLE 2. Types of protocols derived from the base LEACH algorithm (Multi-hop, Dis: Distributed, Hyb: Hybrid, Cen: Centralized) 

 Multi-hop LEACH 

 LEACH successor Year Clustering Overhead Scalability Energy efficiency 

1 LEACH-B April 2003 Dis. High Low High 

2 LEACH-B+ May 2005 Dis. High Low Very high 

3 Multi-hop LEACH May 2005 Dis. Moderate High High 

4 TL-LEACH Sept 2005 Dis. Low Low High 

5 LEACH-M Dec 2007 Dis. High High Low 

6 ME-LEACH-L Oct 2008 Dis. High Very high Moderate 

7 LEACH-DCHS-CM June 2008 Dis. High High High 

8 LEACH-L Nov 2008 Dis. High High High 

9 MS-LEACH May 2009 Dis. High Very high Very high 

10 WST-LEACH May 2010 Dis. High High Very high 

11 MR-LEACH July 2010 Dis. High High High 

12 Coop-LEACH Aug 2010 Dis. High Low High 

13 LEACH-D Sept 2010 Dis. High Very high Very high 

14 UWSN-LEACH Jan 2011 Dis. Very high Low Moderate 

15 FZ-LEACH May 2011 Dis. High High High 

16 Cell-LEACH Feb 2012 Dis. Very high Very high Moderate 

17 Wise-LEACH Nov 2012 Dis. High High Very high 

18 Enhanced LEACH May 2012 Dis. High Very high High 

19 DAO-LEACH July 2013 Dis. High Moderate High 

20 LEACH-SAGA March 2014 Cen. Moderate High High 

21 P-LEACH March 2014 Dis. Very high High Very high 

22 EEM-LEACH July 2014 Dis. High Moderate Very high 

23 LEACH-IR March 2015 Dis. Low Low High 

24 O-LEACH April 2016 Dis. High High High 

25 CL-LEACH March 2016 Dis. High Moderate High 

26 DL-LEACH July 2016 Dis. Moderate High High 

 

 

In the M2NGA, the top-level GA focuses on maximizing 

network lifecycle by considering energy consumption for 

data transfer to the CH and delay in terms of hop count 

as objective functions. Meanwhile, the lower-level GA is 

employed within the cluster to enhance communication 

from nodes to the CH. The GAEEP clustering protocol is 
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introduced by Abo-Zahhad et al. (13), which is 

effectively improved the period. GAEEP utilizes a GA to 

determine the optimal number and positions of CHs, 

reducing energy loss and extending the stability phase 

while minimizing the instability period. This enhances 

the reliability of the clustering process. Zhang et al. (14) 

analyzed the pros and cons of the LEACH protocol and 

proposed a clustering routing protocol aiming for energy 

balance in WSNs. The protocol, clusters randomly 

organized sensor nodes using a combination of Simulated 

Annealing (SA) and GA. It calculates the cluster center 

for each cluster and selects the candidate CH based on 

the node's energy compared to the average energy of the 

cluster. Finally, the candidate CH is chosen based on the 

distance from the cluster center. Miao et al. (15) presents 

an improved version of the LEACH method called 

LEACH-H, which incorporates a GA. The GA is used to 

calculate weights based on three parameters: distance 

between nodes, residual energy, and the number of 

neighbors. The results demonstrate that LEACH-H 

significantly increases the network lifetime. Hatamian et 

al. (16)introduced the CGC protocol based on an onion 

approach. The CGC algorithm selects suitable nodes as 

CHs by evaluating three criteria to prolong the network 

lifetime. They explored the utilization of a GA as a 

dynamic technique for finding optimal CHs according to 

specified parameters. Additionally, the concept of the 

onion approach is introduced for upper-level routing, 

dividing the network into multiple layers to reduce 

communication overhead. Bhatia et al. (17) proposed a 

GADA-LEACH scheme, which enhances CH selection 

in the LEACH protocol using a GA. This paper 

introduces a relay node between the sink node and the CH 

node to enable distance-aware routing. The objective 

function considers (three terms) energy parameters, the 

distance of the CH from associated nodes, and the 

distance of the BS from the CH. 

Annushakumar and Padmathilagam (18) introduced a 

revised hybrid fusion routing algorithm that combines Q-

LEACH, and QDIR to maximize the network's lifetime. 

The network is divided into four quadrants, and the 

selection of CHs in each division is based on a threshold 

value. Information transmission from sensor nodes to 

CHs in different regions is optimized using a GA. The 

GA employs FND, and HND to calculate weight values 

in the objective function. A GA is applied to LEACH to 

establish the shortest rout from the source to the 

destination, aiming to achieve optimal path establishment 

(19). Previous studies have shown that the use of GAs in 

the LEACH protocol effectively optimizes energy 

consumption in WSNs and extends the network's 

lifetime. Al Rasyid and Abdulrokhim (20) presented 

additional scenarios, particularly focusing on the 

placement of the BS. By experimenting with various 

scenarios, LEACH-GA outperforms regular LEACH in 

terms of network longevity, energy efficiency, and data 

collection at the BS. Khunteta and Bajpai (19) proposed 

a method for selecting CHs in the LEACH protocol using 

a GA. This method improved WSN lifetime by dividing 

the network into specific classes. The GA is utilized to 

determine the best path between the CH, the BS, and its 

performance is compared to that of the standard LEACH 

protocol. Energy efficiency and prolonging sensor node 

lifetime are crucial challenges in WSNs. Bhola and 

Cheema (21) presented an energy-effective routing 

protocol that incorporates the optimization algorithm 

GA. LEACH operates in a hierarchical manner, with 

specific nodes acting as CHs to gather and compress data 

before transmitting it to the target node. The GA assists 

in finding the optimal routing path by leveraging its 

fitness function. Extending the lifetime of a WSN while 

efficiently managing energy resources is a significant 

challenge. The LEACH protocol faces limitations such as 

uneven cluster energy distribution, and random CH 

selection. To address these issues Kumari and Gurjinder 

(22) proposed an improved method for CH selection, and 

reducing CH energy degradation. The proposed LEACH-

CHGA, enhances CH selection compared to the existing 

protocol and simultaneously reducing network energy 

consumption. A wireless sensor network consists of 

numerous microsensor nodes that collect and transmit 

data to a BS based on predefined instructions. The 

LEACH protocol is commonly used to optimize CH 

selection, and improve system performance. Harun et al. 

(23) utilized a GA for optimal CH selection in the 

LEACH protocol. The proposed GA-based technique is 

compared with the traditional LEACH, and I-LEACH 

algorithms in terms of lifetime, throughput, and energy. 

The results demonstrate that the GA-based LEACH 

method outperforms the conventional approaches in all 

measured aspects. 

Correct selecting of an objective function in the GA 

is a crucial challenge. This paper introduces an 

innovative approach using the GA to select optimal CHs. 

The proposed objective function incorporates various 

optimization coefficients, considering node energy, 

node-to-node distance, and node-to-cluster head 

distance. 

The paper is structured as follows: the second section 

presents the proposed GA, the third section provides an 

analysis and simulations, and the final section includes 

conclusions, summaries, and future works. 

 

 

2. PROPOSED GA AlGORITHM 
 

Optimal selection and design are vital role in achieving 

the best possible outcome in many scientific, and 

technical problems, considering specific conditions. 

However, when dealing with a vast search space and 

finding a suitable solution that meets user requirements, 

employing precise algorithms to evaluate all possible 
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solutions becomes exceedingly challenging. 

Optimization algorithms are broadly categorized as 

classical and modern approaches.  

The GA, proposed by Sohail (24) is a modern 

optimization algorithm that draws inspiration from the 

principles of natural evolution (Darwin's theory). It has 

found applications in various domains. The GA operates 

by iteratively randomly exploring the problem space, to 

uncover improved solutions at each step compared to 

previous ones. Figure 3 illustrates the overall structure of 

the proposed GA. Let us consider a BS, and a set of 

sensor nodes (SNs), described as follows: 

𝑆 = [𝑆1, 𝑆2, 𝑆3, … , 𝑆𝑛].  (4) 

In Equation 4, n indicates the number of nodes distributed 

across a area. Our objective is to choose a set of CHs that 

cover the whole area. Each sensor node is denoted by 𝑆𝑖, 

where 1 ≤  𝑖 ≤  𝑛. Additionally, we describe the set of 

CHs as follows: 

𝐶 = [𝐶1, 𝐶2, 𝐶3, … , 𝐶𝑚].  (5) 

In Equation 5, m indicates the number of clusters, 

with 𝑛 ≥  𝑚, presenting that the number of sensor nodes 

is always more significant than the number of CHs. As 

depicted in Figure 3, the initial and crucial step involves 
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Figure 3. The general structure of the proposed GA 

algorithm (Proposed LEACH) 

selecting an appropriate coding scheme (chromosome 

definition). The defined chromosome is shown in Figure 

4. The genes within each chromosome represent a 

randomized selection of nodes from each cluster. 

The type of coding used in this algorithm varies 

depending on the number of chromosomes, the number 

of genes, and ultimately the length of the chromosome. 

Initially, many nodes are randomly chosen as CHs. 

Through the objective function, the population is then 

progressed to the subsequent generation. Once the 

chromosome is defined, it is essential to select an 

appropriate initial population. In the proposed algorithm, 

the initial population is derived from the network nodes. 

A small population may hinder the exploration of the 

entire search space, while a large initial population can 

slow down the algorithm. Therefore, it is important to 

choose a suitable population size. The proposed genetic 

algorithm comprises three operators: Selection, 

Crossover, and Mutation. Further elaboration on these 

operators will be provided in the following. 

 

2. 1. Selection Operator            In this section, we will 

discuss the selection process for generating a new 

population from the previous generations. There are 

various methods for selection operator, including roulette 

wheels, random selection, tournaments, and more. In the 

proposed algorithm, the roulette wheel selection method 

is used. This method involves assigning a portion of the 

roulette wheel to each chromosome in proportion to its 

fitness function value (Other methods can also be used). 

Chromosomes with higher fitness have a greater 

likelihood of being chosen for the next generation's 

production. The selecting probability a particular 

chromosome, denoted as 𝑝𝑖 , is determined using the 

following equation: 

𝑝𝑖 =
𝐹𝑖

∑ 𝐹𝑗
𝑚
𝑗=1

  (6) 

The reason for employing different selection methods 

is to prevent the algorithm from becoming trapped in a 

local minimum instead of finding the global optimum. 

When two different chromosomes are combined, it can 

sometimes lead to such undesired scenarios. 

 

2. 2. Crossover Operator            This operator plays a 

crucial role in GAs as it drives the reproduction process. 

This operation involves sharing genes between two 

chromosomes. There are various types of crossover 

methods used to combine these chromosomes, including 

One-point Crossover, Two-point Crossover, and 

Uniform Crossover. In the proposed GA, after selecting  
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Figure 4. Chromosome defined in the proposed GA 

algorithm 
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two chromosomes using the selection methods discussed 

earlier, the one-point crossover method is employed. This 

method is depicted in Figure 5. 

 

2. 3. Mutation Operator               The mutation operator 

is a crucial component within the GA. Mutation is an 

operator used to maintain gen diversity of the 

chromosomes of a previus population. It involves 

randomly altering one or more genes within the parent 

chromosomes, leading to a random change in their 

values. Maintaining the integrity of proper chromosome 

representations for each cluster is vital. Hence, this 

operator incorporates a constraint to prevent nodes from 

exiting the internal nodes of the clusters. 

 

2. 4. Fitness Function (Evaluation)           The fitness 

function determines and evaluates the fitness value of 

each chromosome. The goal is to minimize energy 

consumption, which consists of three components 

(𝑓1, 𝑓2, 𝑎𝑛𝑑 𝑓3). These components are combined with 

different coefficients to form the overall sum (𝑓). 

𝑓1 =
∑ 𝑒𝑖

𝑛
𝑖=1

𝐸𝑇𝐶𝐻𝑠

⁄ , 𝐸𝑇𝐶𝐻𝑠
= ∑ 𝑒𝑖  𝑚

𝑖=1 , 𝐸𝑇𝑁𝑜𝑑𝑒𝑠
=

∑ 𝑒𝑖  𝑛
𝑖=1  

(7) 

𝑓2 =
∑ ∑ 𝑧𝑖

𝑚
𝑖=1

𝑛
𝑗=1

∑ ∑ 𝑔𝑖
𝑚
𝑖=1

𝑛
𝑗=1

⁄ , 𝑧𝑖 =

√(𝐶𝐻𝑖 − 𝑠𝑗)
2

, 𝑔𝑖 = √(𝑠𝑖 − 𝑠𝑗)
2
  

(8) 

𝑓3 =
∑ 𝑑𝑖

𝑚
𝑖=1

∑ 𝑝𝑖
𝑛
𝑖=1

⁄ , 𝑑𝑖 = √(𝑥𝑦𝐶𝐻𝑖
− 𝑥𝑦𝐵𝑆)

2
, 𝑝𝑖 =

√(𝑥𝑦𝑠𝑖
− 𝑥𝑦𝐵𝑆)

2
 

(9) 
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Figure 5. Applying crossover operator on two separate 

parent chromosomes 
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Figure 6. Illustrates the operational mode of the mutation 

operator 
 

𝑓 = 𝛼 × 𝑓1 + 𝛽 × 𝑓2 + 𝛾 × 𝑓3 (10) 

In the above equations, 𝑒𝑖 is energy of each node, 𝑥𝑦 is 

location of each node, 𝑓₁ represents the sum of energy of 

all nodes divided by the energy of all cluster CHs (𝐸𝑇𝐶𝐻𝑠
). 

This function to select the nodes with more energy as the 

cluster head.  Function 𝑓₂ calculates the Euclidean 

distance (ED) between a node, and its neighboring nodes, 

divided by the distanec of whole number of nodes within 

the cluster (sigma). The second function is to reduce the 

transmission distance between nodes in the cluster and 

ultimately reduce transmission energy consumption. 

Function 𝑓₃ calculates the Euclidean distance (ED) 

between the BS and all CHs, divided by the distance of 

whole number of CHs to BS. The third function is to 

reduce the transmission distance between clusters and bs 

and finally reduce transmission energy consumption. The 

coefficients 𝛼, 𝛽, and γ are optimization coefficients. It 

is worth mentioning that additional criteria can be 

incorporated into the algorithm and used as parameters to 

achieve the optimal CHs in network. 

 

2. 5. Next Generation             After applying all the 

operators in the previous sections (selection, crossover, 

and mutation), the next generation chromosomes must be 

selected from the existing ones. The policy of elitism is 

employed in this stage. To consistently enhance the value 

of the objective function across successive generations, a 

certain percentage of the top-performing chromosomes 

from each generation are chosen to be transferred to the 

next iterarion. This approach ensures continuous 

improvement of the objective function, and strives 

towards the optimal chromosome. Replacement 

strategies involve methods where offspring generated 

from GA operators replace their parents. In Figure 7, 

initially, 25% of the best parents from each generation are 

chosen. These chosen parents are directly passed on to 

the next iteration without undergoing any GA operator. 

Subsequently, crossover, and mutation are applied to the 

entire population. The desired process is illustrated in the 

accompanying Figure 7. As seen in the figure, to add 

diversity, 20% of the next generation is randomly 

generated. 

 

 

3. SIMULATION RESULTS 
 

In this section, we carried out several simulations to 

assess the effectiveness of the proposed algorithm. All 

simulations were executed using MATLAB 2017a on a 

personal computer equipped with a Core i5 processor, 

running at 2.4 GHz, and with 4GB of RAM. 

To measure the efficiency of the proposed algorithm 

and compare it with other algorithms, two different 

scenarios were examined. In the first scenario, 120 

sensors were randomly distributed, while in the second  
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Figure 7. Step-by-step diagram of the proposed GA 

operators used to generate new offsprings (25% of the best 

parents from each generation are chosen)  

 

 

scenario, 160 sensors (Nodes) were randomly distributed. 

The simulation environment size was set to 100 by 100 

units. Figure 8 illustrates the hypothetical location of the 

BS for both scenarios. The capability of the proposed 

algorithm, as well as existing algorithms (LEACH (9), 

LEACH_E (25), and LEACH_EX (1)), was investigated 

and evaluated in these environments. These algorithms 

have the following characteristics: random distribution of 

nodes, stationary sink node, static position of nodes, and 

sensor death due to battery depletion. Three criteria were 

considered for comparison: energy consumption of the 

network, number of packets sent, and number of dead 

nodes. For the two proposed scenarios, all parameters 

related to the algorithm simulations can be found in Table 

3 (In the proposed GA-based LEACH algorithm, like 

other existing algorithms, the trial-and-error method has 

been used). 
Lastly, the pseudo-code for the proposed GA 

algorithm is presented below. The code comprises five 

main components: population selection, crossover, 

mutation, evaluation, and next generation. 
 

Algorithm: Pseudo-code of proposed GA-Based LEACH 
Begin 

Initialization ( population); 
   Evaluate each chromosome; 

    While (Stop Condition) 

      Do 

         1: Select parents; 

         2: Crossover; 

         3: Mutation; 
         4: Evaluation; 

         5: Select a chromosome for the next generation; 

      End 

End 

 

 

3. 1. First Scenario                 In the first scenario, the 

test environment contains 120 nodes. Figure 9 shows the 

clusters found, total network  energy, number of sent 

packets, and number of dead nodes. For a detailed 

quantitative presentation, refer to Table 4. As can be seen  

 
(a) 

 
(b) 

Figure 8. Hypothetical environment with 120 nodes, and b) 

Hypothetical environment with 160 nodes and fixed location 

of BS in both environments 

 

 
TABLE 3. Simulation parameters were used in two proposed 

scenarios (Proposed GA-based LEACH algorithm parameters) 

# Parameters Scenario 1 Scenario 2 

1 Number of nodes 120 160 

2 Location of node Random Random 

3 Chromosome length 10 10 

4 Size of the initial population 100 140 

5 Number of Iteration 200 400 

6 Crossover Possibility (𝑝𝑐) 0.4 0.48 

7 Mutation Possibility (𝑝𝑚) 0.2 0.25 

8 𝛼, 𝛽 𝑎𝑛𝑑 𝛾  0.3, 0.35, 𝑎𝑛𝑑 0.35 

9 Selection operator Roulette wheel 

10 Size of area 100 × 100 𝑚2 

11 BS location (50,150) 

12 Initial energy 0.3 J 

13 Maximum round 1000 

14 Data packet size 500 𝐵𝑦𝑡𝑒𝑠 

15 𝐸𝑇𝑋 and 𝐸𝑅𝑋 50 𝑛𝐽/𝑏𝑖𝑡 

16 Cluster head probability, 𝑝 0.05 
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from the Figure 9 and Table 4, the proposed Genetic 

algorithm has obtained a suitable position for the CHs by 

using suitable fitness functions. It has performed better in 

the comparison criteria (three parameters: total energy, 

sent packets, and dead nodes) than other algorithms. 

 
3. 2. Second Scenario           In this scenario, there are 

160 nodes distributed in the environment. Figure 10 

showcases the clusters found, the total network energy, 

the number of sent packets, and dead nodes. 

Additionally, for more details on the obtained results, 

these results are quantitatively presented in Table 5. 

The simulation results (Figures and Tables) 

demonstrate that the proposed GA surpasses other 

algorithms in terms of energy stability, and exhibiting a 

higher level of performance (indicating a delayed overall 

energy decrease). Additionally, the proposed GA-Based 

LEACH algorithm outperforms in various criteria. The 

energy consumption calculation considers factors such as 

the number of packets, clusters, and the distance between 

nodes. Through its effective measures, the proposed 

algorithm significantly reduces node mortality rate and 

enhances the network's lifetime, while achieving a 

balanced energy consumption. In addition, it can be said 

that different results can be obtained by changing the 

coefficients in the fitness function. One of the 

disadvantages of the proposed algorithm is that due to the 

use of a genetic algorithm, it requires more processing 

time than other algorithms. 

 

 

  
(a) (b) 

  
(c) (d) 

Figure 9. Showcases the following: a) CHs found by GA_LEACH, b) Total network energy vs. rounds in all algorithms, c) Number 

of sent packets vs. rounds in all algorithms, d) Number of dead nodes vs. rounds in all algorithms 

 
 

TABLE 4. The results of the first scenario (regarding the number of rounds) – 120 Nodes 
Energy Consumption (EC)  

𝑱𝒐𝒖𝒍 − (𝑹𝒐𝒖𝒏𝒅 =  𝟓𝟒𝟎)  

LND 

Round 

HND 

Round 

FND 

Round 
Algorithm 

9.437 1307 649 411 GA-LEACH 

4.171 1011 507 89 LEACH 

6.031 1182 577 160 LEACH_E 

8.494 1243 602 344 LEACH_EX 
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(a) (b) 

  
(c) (d) 

Figure 10. Showcases the following: a) CHs found by GA_LEACH, b) Total network energy vs. rounds in all algorithms, c) Number 

of sent packets vs. rounds in all algorithms, d) Number of dead nodes vs. rounds in all algorithms 
 

 

TABLE 5. The results of the second scenario (regarding the number of rounds) – 160 Nodes. 
Energy Consumption (EC)  

𝑱𝒐𝒖𝒍 − (𝑹𝒐𝒖𝒏𝒅 =  𝟓𝟒𝟎) 

LND 

Round 

HND 

Round 

FND 

Round 
Algorithm 

14.014 1488 709 374 GA-LEACH 

7.991 1203 431 91 LEACH 

11.348 1299 520 174 LEACH_E 

12.672 1405 670 259 LEACH_EX 

 

 

4. CONCLUSION 
 

The progress in industry and technology has resulted in 

the growth of wireless communications, specifically 

using sensors in WSNs. Sensor network technology is a 

crucial advancement and can be regarded as one of the 

most vital technologies of the 21𝑠𝑡 century. Time, and 

energy management pose significant challenges in these 

networks. Clustering, an unsupervised method, is crucial 

in addressing these challenges. In the proposed genetic 

algorithm, CHs form the chromosomes, and the selection 

of cluster centers occurs. The proposed algorithm 

dynamically performs clustering, meaning it is executed 

repeatedly to identify of dead nodes. This algorithm 

enhances clustering quality, ultimately leading to an 

extended network lifetime. A quantitative and qualitative 

comparison with widely used algorithms like LEACH, 

LEACH_E, and LEACH_EX showcases the exceptional 

capabilities of the proposed algorithm. One of the 

disadvantages of the proposed algorithm is its time-

consuming nature compaer to LEACH, LEACH_E, and 

LEACH_EX. Future work may involve exploring other 

evolutionary algorithms. 
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Persian Abstract 

 چکیده 
طول عمر    یک چالش کلیدی،باشند.    هاطیداده در مح  آوریجمع  یبرا  یابزار قو  کی توانندیکوچک است که م  یاز سنسورها  یادیمتشکل از تعداد ز  می سیحسگر ب  هایشبکه

  ن ی . با ارسانندی و طول عمر شبکه را به حداکثر م  کنندی م  هیمنظم تخل  یزیربرنامه  قی از طر  ایزمان  خود را به طور هم  یها انرژهمه گره  آل،ده یشبکه حسگر است. در حالت ا

  ی برا  ی از انرژ  نهیبه استفاده به  ی ابیدست  یاصل   ی نگران  جه،یشود. در نتیم  ی عمل  ر یگره غ  یهایباتر  ینی گزیجا  ،یط یمح  ط یمانند شرا یعمل  یهاتیحال، با در نظر گرفتن محدود

  رممکن یهزاران گره غ  یباتر  ینیگزیعملاً جا  رایتوقف عملکرد شبکه است، ز  یحسگرها به معنا  یشدن باتر  ضمنا دشارژ  است.  یمدت زمان منطق  کیطول عمر شبکه در    شیافزا

  ن یشناخته شده است. با ا  م یس  یحسگر ب  ی شبکه ها  یبندخوشه  یبرجسته برا  یهاحلاز راه  یکی به طور گسترده به عنوان    LEACHمشکل، پروتکل    نی رفع ا  یبرا است.

مقاله با استفاده از   نیا  ت،یمحدود  نیغلبه بر ا  ی کند. برا  نیمناسب را تضم  ییتواند همگراینم  LEACH( در هر دور تحت پروتکل  CHs)  ها سرخوشه  یحال، انتخاب تصادف

های  ژناز    تمیالگور  نی. ادهدمی  شنهادی را پ   مناسب  کرد یرو  کیو فاصله است،    یاز جمله سطح انرژ  یکه شامل عوامل مختلف  دیتابع هدف جد  کیو    ک یژنت  تمیالگور  کی

دهد،  یرا انجام م  یبندخوشه  ایبه صورت پو  یشنهادیپ  تمیکند. قابل ذکر است، الگوریم  لیتسهرا    هاخوشه  سرکند و انتخاب  ینشان دادن سر خوشه ها استفاده م  یکروموزوم برا

 یبندخوشه  ت یفی ک  یبه طور قابل توجه  تم یالگور  کرد،یرو  ن یشود. با استفاده از ایمرده انجام م  یهاگره  یی و با در نظر گرفتن شناسا  ی به صورت تکرار  یبندکه خوشه  یمعن  نیبه ا

،  LEACHمانند    جیرا  یهاتم یبا الگور  یف ی و ک  یاز نظر کم  یشنهادیپ  تمیالگورعملکرد،    دییتا  یشود. برایطول عمر شبکه م  شی منجر به افزا  تیدهد و در نهایش میرا افزا

LEACH_E    وLEACH_EX  یازده حداقل    در آن  ماندهی باق  یدر شبکه است و انرژ  ی شتریزنده ب  یهاگره   یدارا  یشنهاد یپ  تمی، الگورمیانگین. به طور  شده است  سهیمقا 

 است. گرید یهاتم یالگور مقدار انرژی نیاز بهتر شتریدرصد ب
 

 
 

 
  

 


