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Wireless Sensor Network (WSN) has gradually become an essential 

technology in recent years and is employed in various fields. One of the main 

challenges of WSNs is their short lifespan; due to the energy consumption 

which is affected by communication protocols, packet data transfer, and 

limited battery power factors. And among these factors, many researchers are 

interested in energy efficiency. In this paper, a new enhanced LEACH routing 

technique has been proposed. The proposed technique selects cluster heads 

based on current energy, and it employs a root cluster head with greater current 

energy and a short distance to the sink to gather all data before sending them 

to the sink. The results exposed that the proposed technique is outperformed 

the standard LEACH protocol and extended the WSN network lifespan. 

  

 

I. Introduction  

Recently, WSN has had significant interest due to its usage in several areas such as military, 

medical, and environmental [1, 2]. It contains an enormous number of low-power micro-sensor 

nodes (SN) that are installed across a large area and are connected to at least one Base Station 

(BS) [3]. Every micro-sensor analyses physical or environmental parameters such as pressure, 

temperature, humidity, and so on [4] which then transmits the gathered data to the BS. As shown 

in Figure 1, a WSN consists of sensor nodes scattered at random, a BS that receives all data 

obtained from the environment, and a user who collects data over the internet. 

 
Figure 1. WSN Architecture 

As shown in Figure 2, each sensor node in the network contains four units: sensing, treatment, 

wireless transmission, and power (usually batteries) [5], which is one of the most critical units. 
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Sensor nodes in such an environment consume a lot of energy because the batteries cannot be 

recharged or replaced [3]. 

As a result, there is a growing interest in developing an energy-aware protocol to extend 

network lifetime [6]. Thus, in most applications where all sensor nodes are bound with energy 

that is related to the network's lifetime, energy consumption is the most critical element. The 

limited power of nodes necessitates the development of an energy-saving communication 

protocol [7]. Therefore, various types of research are focusing on routing protocols, which are 

one of the most important technologies in WSNs. 

 

Figure 2. Sensor node units in WSN 

Many routing protocols have been developed in the literature to organize data transfer from 

nodes to sinks [8], and the majority of them are based on the hierarchical clustering process [9]. 

The Low Energy Adaptive Clustering Hierarchical (LEACH) protocol [10] is a well-known and 

widely used as hierarchical clustering routing mechanism that will be covered in the next 

section [11]. Various protocols, such as DMR [12], MH-LEACH [13], MHT-LEACH [14], O-

LEACH [15], and others, are suggested to extend the network lifespan and minimize energy 

usage in LEACH. In this work, we use the LEACH protocol to create a new enhanced LEACH 

protocol that reduces energy usage in WSNs. 

The purpose of this study is to offer an energy-efficient, stable, residual energy, and distance-

based clustering routing protocol based on the multi-hop approach. This protocol uses these 

parameters to reduce network energy usage and increase network lifespan in WSNs. 

The rest of the paper is organized as follows: The LEACH procedure is presented in Section 2. 

Section 3 goes over the proposed protocol. Section 4 discusses the findings and analyses the 

results. Finally, the final part concludes this research. 

 

II. LEACH (LOW ENERGY ADAPTIVE CLUSTERING HIERARCHY)  

 

LEACH is the most popular and well-known clustering hierarchical technique intended for 

network energy efficiency [10]. It employs the clustering approach, which divides the network 

into clusters and allows the nodes to organize themselves into a hierarchical structure via the 

clustering process [16]. Every cycle of the LEACH algorithm has two major phases: the set-up 

phase and the steady phase [17].  

Cluster Heads (CHs) are elected and clusters are created in the first phase. Every sensor node 

produces a random value between 0 and 1 at the start of each round [18]. This node is chosen 

as CH if its value is less than the probability function T(n) stated in equation (1). Otherwise, it 

will be a normal node [19]. 
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𝑇(𝑛) = {

𝑝

1 − 𝑝 × (𝑟 𝑚𝑜𝑑(1
𝑝⁄ ))

 , 𝑛 ∈ 𝐺

 
0                                  𝑒𝑙𝑠𝑒

                                     (1) 

 

Where p represents the percentage of the network's cluster count. r is the current epoch, and G 

is a group of nodes that have not been chosen as CHs in epoch r. 

 

The CHs are chosen, and they disseminate information to the network. As a result, each normal 

node selects its CH according to the strength of the incoming signal. The second phase starts 

when clusters are configured and each node recognizes its TDMA time slot. The normal nodes 

send their collected data to their CHs through their TDMA time slots. The TDMA schedule is 

used to alter the internal access channel in each cluster to decrease inter-cluster interference 

[20]. Thus, each CH collects and compresses the data received from its members using its own, 

so, information from the cluster is sent straight to the BS via the CHs in a single hop. 

LEACH is intended to reduce energy usage. It has several benefits, such as the fact that every 

node may, to some extent, evenly share the charge imposed at CHs since any sensor node that 

was picked as a CH in some epoch cannot be reelected as a CH yet [21]. Furthermore, using the 

TDMA eliminates collisions between CHs. However, it has certain drawbacks since it impacts 

the single-hop whereas CHs connect directly with the sink. Moreover, long-distance 

communication between the CH and the BS might result in higher energy usage, making 

LEACH unsuitable for big networks. Furthermore, because CHs are chosen at random, not all 

nodes have the opportunity to become CHs. As a result, if a node with lower current energy is 

chosen as CH, it will die quickly, affecting the network's life cycle. 

 

III. THE PROPOSED PROTOCOL  

  

The contribution of this paper is an enhanced LEACH algorithm. The purpose of the proposed 

protocol is to select CH based on node residual energy to avoid the involvement of nodes with 

lower energy to be CH. To prevent all CHs from communicating with the BS, it selects a CH 

with the highest residual energy and the shortest distance to the sink as a parent CH. Then, as 

shown in Figure 3, it leverages the multi-hop between CHs to reach the parent CH. The multi-

hop approach is used to increase the distance between CHs and the sink. It has two major stages, 

which are described below.  

A. Set-up phase 

The random selection of CHs in LEACH results in a lack of chance for all nodes to become 

CHs, as well as an energy imbalance among sensor nodes. To ensure network energy balance, 

the proposed algorithm chooses CH based on the current energy. Each node computes its current 

energy using question (2) at each epoch. This node can play the CH role if its current energy 

exceeds the average current energy.  

𝐸𝑐𝑢𝑟 = 𝐸𝑖𝑛𝑖𝑡 − 𝐸𝑐𝑜𝑛                                        (2) 

  𝑤ℎ𝑒𝑟𝑒 𝐸𝑐𝑜𝑛 = 𝐸𝑇𝑥 − 𝐸𝑅𝑥 
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Figure 3. The Proposed Protocol Architecture 

 

In each node, the transmitter consumes 𝐸𝑇𝑥 to transfer n bits remote receiver di meters, and 

the receiver consumes 𝐸𝑅𝑥 to receive n bits of a packet, and 𝐸𝑖𝑛𝑖𝑡 is the initial energy provided 

to the nodes at the beginning. 

Based on [10, 22, 23], a new threshold function has been defined as shown in question (3). 

 

𝑇(𝑛) = {

𝑝

1 − 𝑝𝑟 × (𝑡 𝑚𝑜𝑑(1
𝑝𝑟

⁄ ))
 , 𝑛 ∈ 𝐺

 
0                                  𝑒𝑙𝑠𝑒

       , 𝑤ℎ𝑒𝑟𝑒 𝑃𝐸 = 𝑃𝑟 ×
𝐸𝑐𝑢𝑟

𝐸𝑖𝑛𝑖𝑡
                     (3) 

 

Where Pr is the percentage of the number of CHs in the network, t introduces the number of the 

current turn, C is the collections of the nodes that have not yet been CH in the last 1/Pr turns. 

𝐸𝑖𝑛𝑖𝑡 represents the initial energy provides the nodes at the beginning whereas 𝐸𝑐𝑢𝑟 shows the 

current energy of nodes at the t turn. 

Following the first condition, each node is assigned a random value between 0 and 1. If this 

value is less than the threshold function Th, this node will be elected as a CH on the current 

turn. Otherwise, it becomes a normal node. After that, CHs broadcast data to the network. The 

strength of the received signal from CH defines which CH each normal node belongs to. 

B. Steady Phase 

1) TDMA (Time Division Multiple Access) schedules 

TDMA schedule is created by every CH after cluster formation according to the distance and 

the total number of nodes in each cluster [23, 24]. Each normal node has a TDMA time slot for 

delivering its data to its CH. 

2) Root cluster head selection 

In this phase, the proposed algorithm chooses the root CH with residual energy more than the 

average residual energy of CHs and a distance to the sink smaller than the average distance 

between CHs and the sink, as shown in questions (4) and (5). 

𝐸𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
∑ 𝐸𝑐𝑢𝑟(𝑖)𝐶𝐻

𝑖=1

𝐶𝐻
                            (4) 

𝑑𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
∑ 𝑑(𝑗)𝐶𝐻

𝑗=1

𝐶𝐻
                                  (5) 

 Where d is the distance between each CH and the sink, 𝐸𝑐𝑢𝑟 provides the residual energy of 

CH at the current turn. 
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3) Data Transmission 

When all network components have learned their roles in the previous phases, the normal nodes 

begin gathering data from the environment and transferring it to their corresponding CHs. 

Then, using the multi-hop approach, each CH communicates with the nearest CH to reach the 

root CH. After receiving information from all CHs, the root CH aggregates it with its own and 

transmits it directly to the sink in a single hop, as shown in Figure 3. 

 

V. Result and Discussion   

In this section, we will utilize simulation to analyze and simulate the proposed approach's 

performance. The simulations are performed using the MATLAB R2016b platform. Table 1 

lists the simulation parameters for the suggested model. 200 nodes have been randomly planted 

in an area of 200 × 200 m2, with the sink at position (100, 250). 

 
TABLE 1. Parameter’s value 

Parameter Symbol Value 

Total number of nodes 
Total number of sinks 
Area 
Initial energy 
The sink location 
The deployment of nodes  
Energy consumed in the Radio module to transmit or 
receive the signal 
Energy consumed by the amplifier to transmit at a short 
distance 
Energy consumed by the amplifier to transmit at a 
longer distance 
Data aggregation energy 
Packet size 
Number of rounds 

N 
S 

M*N 
Einit 

(x, y) 
deployment 
ETx = ERx 

 
εfs 
 

εmp 
 

EDA 
n 
r 

200 
1 

200*200m2 

1 Joule 
(100, 250) 

random 
50 nJ/bit 

 
10 pJ/bit/m2 

 
0.0013 pJ/bit/m2 

 
5 nJ/bit 

500 bytes 
600 

 

The main goal of the proposed algorithm is to increase network lifetime by selecting CHs based 

on current energy and choosing a root CH. All nodes begin with the same initial energy Einit = 

1 Joule. Each sensor node sends a 4000-bit data packet to the CH every cycle. The simulation 

is performed using 10% and 20% of the total number of CHs in the network for both the 

proposed technique and LEACH. 

Figure 4 (a) shows the simulation result that indicates the relative performance of the discussed 

protocol with parameter values from Table 1 and Pr=20%. Depending on the round, it delivers 

dead nodes. For Pr=10%, Figure 4 (b) compares the behavior of LEACH with the suggested 

approach. Figures 5(a) and (b) show the total current energy of network nodes at 20% and 10% 

respectively. 

The two case results demonstrate the efficacy of the proposal strategy for optimizing energy 

usage in WSNs. Therefore, the suggested algorithm outperformed the original LEACH protocol 

in all circumstances, balancing overall energy usage, enhancing the stability period, and 

prolonging the network lifetime. 

  



 Evaluating Clustering Algorithms for Optimized Performance in Wireless Sensor Networks 

 

80  
Journal of Academic Research, VOL 29, Issu 1, 2025 

 
Figure 4(a): Dead nodes for 20% 

  

 
Figure 4(b): Dead nodes for 10% 

Figure 4. Dead nodes in LEACH and the proposed protocol for 20% and 10%, 
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Figure 5(a): total current energy for 20% 

 

 
Figure 5(b): total current energy for 10% 

Figure 5 shows total current energy in LEACH and the proposed protocol 

 

 

V. CONCLUSION 

Making an energy-efficient architecture is now the most difficult task for routing protocols in 

WSN. To address this issue, the sensor node must be able to operate for an extended amount of 

time while using less energy. In general, data transmission and reception consume the most 

energy in the network. Several clustering routing techniques have been proposed to tackle this 

difficulty. The hierarchical and clustering methods were used in this research to present a new 

technique for hierarchical clustering routing protocol in WSN with energy savings. The main 

purpose of the proposed protocol is to balance node energy usage. The second goal is to increase 

network longevity and stability by doing the following: (1) considering current energy in CH 
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selection, (2) considering current energy and distance to sink to select a leader CH that sends 

aggregated data to sink after collecting all gathered data. The purpose of this study was to 

compare the suggested protocol's performance to that of the original LEACH algorithm. The 

simulation results verified that the proposed algorithm improves the stability period. As a result 

of the number of dead nodes and the total current energy of the network, it extends the network 

lifespan more than the original LEACH protocol. As a consequence, it reveals that the 

suggested method outperforms the usual LEACH approach in all scenarios addressed. 
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