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 This research presents a unique energy-efficient routing strategy aimed at 

optimizing energy consumption and prolonging network longevity using an 

innovative clustering probability. Cluster-based routing algorithms facilitate 

versatile configurations and extend the network's lifetime until the last node 

ceases operation. This study introduces an energy-efficient hierarchical 

clustering algorithm for wireless sensor networks (WSNs), enhancing the 

low-energy adaptive clustering hierarchy (LEACH) algorithm. The objective 

of this algorithm is to reduce power consumption by the strategic selection 

of new cluster heads (CH) in each data transfer round and to prevent 

network conflicts. This objective is accomplished by employing an efficient 

function to identify the optimal CH nodes in each cycle, considering the 

current energy levels of the sensors. The suggested technique enhances the 

cluster formation process by utilizing the reduced distance to the base 

station. This study findings will enhance packet scheduling algorithms for 

data aggregation in WSNs to minimize the number of packets transmitted 

from sensors to CH. Simulation findings validate the system's efficacy in 

comparison to alternative compression techniques and non-compression 

scenarios utilized in LEACH and multi-hop LEACH. 
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1. INTRODUCTION 

Wireless sensor networks (WSNs) are increasingly capable of managing complicated functions. 
WSNs are increasingly capable of managing sophisticated functions. In-network processing, including data 

gathering, information fusion, calculation, and transmission, mandates that these sensors utilize energy 

efficiently to prolong their operational lives. Sensor nodes are sensitive to energy depletion and malfunction, 

and their battery supply may be non-replaceable; thus, new sensors are deployed. Consequently, the continual 

re-energization of WSNs, when aged sensor nodes fail and due to the irregular terrain of the monitored area, 

could result in energy imbalances or heterogeneity among the sensor nodes. If the network system fails to 

adequately utilize and harness the increased energy, it could significantly damage its stability and 

performance. These networks, which are distributed embedded systems, consist of a diverse range of short-

range sensor nodes that collaborate to monitor a system or environment. These nodes will detect and gather 

information from the environment or system and transfer the data to the base station. The nodes comprise a 

sensor module that detects environmental conditions, a processor and memory that execute local 

computations on the detected data and store information, a transceiver that facilitates communication with 

neighboring nodes, and a power supply unit that provides energy to the node. The primary aim of load-
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balanced clustering is to prolong the network's longevity; nevertheless, heuristics alone cannot provide 

optimum outcomes. Prior research has sought to enhance network longevity by selecting more energy-

efficient cluster heads (CH) and optimizing packet transmission from CH to base stations, as well as reducing 

total energy usage. This study compares center-located and corner-located base stations (BSs) using several 

existing algorithms and presents two new ones. Regarding energy efficiency, one of the suggested algorithms 

beat all preceding models, especially in the length from network inception to the demise of the last node 

(LND). This research analyzes the efficacy of clustering algorithms for reducing power consumption in 

WSNs employing various sensor types. In this sensor network, a CH supports each node's connection to the 

base station by transmitting sensing data to the base station, which is located either in the middle of the 

network or at one of its corners [1]-[5].  

A key objective of the aforementioned WSNs is to transfer the observed data from sensors to the 

sink for subsequent analysis. The efficacy of such WSNs is dependent upon data collection methods, sensor 

architecture, and the volume of data crossing the network, among other considerations. To mitigate various 

constraints such as node failure, communication problems, computing resource crises, energy shortages, 

traffic congestion, and delays, topology management is essential. As a result, choosing the right topology is 

essential to maximizing network properties. One important factor that greatly affects how well WSN operate 

is energy usage. Data from all nodes within a group is gathered and relayed to the base station by cluster 

leaders, picked at regular intervals using designated clustering algorithms, and end-users then use this 

collected information. A probable reason for the higher efficiency is that the sensor networks were 

reactivated to extend their longevity. The implementation residue EL node (IMP-RES-EL) approach is 

introduced for uniform sensor networks. These networks are divided into two groups of nodes depending on 

their initial energy levels [6]-[10].  

The research indicates that the proposed strategy has superior resilience in managing the extensive 

energy use of refined nodes compared to low-energy adaptive clustering hierarchy (LEACH). WSNs garner 

significant interest in contemporary IoT-enabled industrial and residential applications, using either 

homogeneous or heterogeneous sensors to collect information of purpose. WSNs are designed to function 

with self-powered sensor nodes because to their application in geographically crucial environments. Such 

nodes must facilitate energy efficiency to enhance network lifespan. The selection of CH is a critical phase in 

a WSNs design, primarily aimed at minimizing energy consumption within the network [11]-[15].  

This paper concentrates on the design and execution of an energy-efficient clustering hierarchy 

algorithm for WSNs. The suggested algorithm is meant to address the shortcomings of the LEACH 

algorithm. The proposed technique enhances the selection of CH nodes by considering the remaining power 

of the sensors, hence balancing power consumption among the cluster nodes through the exact selection of 

nodes designated as CH. Information technology has significantly transformed human society in 

transportation, industrial production, administration, technological advancements, entertainment, and various 

other domains. Numerous issues are challenging to resolve by conventional methods. The traditional process 

exhibits specific constraints, such as structure-oriented bindings, partial predictability, and computability 

within restricted time and space parameters [16]-[20]. A multitude of clustering protocols have been 

developed, with the LEACH protocol and the stable election protocol (SEP) heterogeneous protocol serving 

as prime examples; nonetheless, certain restrictions persist. This research presents a novel technique to 

enhance network longevity and optimize storage capacity during transmission, hence augmenting the 

network's ability to identify optimal CH among nodes in comparison to LEACH and [21]-[25]. 

 

 

2. RESEARCH METHOD 

WSNs may be structured on an ad-hoc basis, consisting of an adequate quantity of sensor nodes. 

The primary design aspects assessed in the formation of a network clustering are cluster size, intracluster 

communication, sensor, and CH movement, sensor diversity and location, multiple levels, and overlaps. The 

paramount concerns of clustering encompass connectivity, rotation of CH responsibilities, design of the 

medium access control layer, management of sensor duty cycles, optimal cluster sizing, and coordination 

among sensor nodes. The data amassed in the CH is refreshed with every transition between nodes. Energy 

efficiency is very sensitive to WSNs, particularly for industrial applications in large-scale remote 

environments or in harsh environments where the nodes are set up. The primary issue in determining the 

optimal CH placement is its inconsistency, as the CH location varies with each instance from the initial 

position is shown in Figure 1. The clustering strategy also presents additional obstacles, including the 

difficulty of determining the locations of neighbouring nodes and their energy levels after designating a CH. 

 

 



                ISSN: 2089-4864 

Int J Reconfigurable & Embedded Syst, Vol. 15, No. 1, March 2026: 130-137 

132 

 
 

Figure 1. WSN methodology 

 

 

The internet of things (IoT) network gathers diverse data types, necessitating distinct methods of 

data processing. All data must be processed at the edge or in the cloud upon the booking of asset needs. The 

asset requirements can be delimited by tasks, and the edge network can successively meet these demands. 

Subsequently, it detects the appropriate cloud assets and allows their utilization by IoT networks for 

increased processing. Distributed computing resources must be integrated into edge computing within IoT 

networks as a component of a complete asset planning strategy. Planning needs to take scalability and asset 

elasticity into account. When assets in the cloud are spread over edge networks, their scalability and 

flexibility are transformed, as the majority of these assets are either virtual or physical. The edge must take 

these criteria into account when allocating assets for IoT networks because various applications have distinct 

asset requirements. This is because different applications require different registration assets. 

WSNs include small, battery-operated sensors with limited energy resources. The primary 

advantage of the sensor network is the incorporation of power usage constraints for sensor nodes, facilitated 

by battery life considerations. The sensor nodes are often inaccessible to the user; hence, replacing the energy 

source or battery is impractical. Consequently, energy efficiency is a primary design consideration that must 

be enhanced to prolong the lifespan of the sensor network. To prolong the lifespan of sensor nodes, energy 

consumption and route design considerations are addressed. This research presents and implements an 

extended energy efficient clustering algorithm for WSNs. A thorough examination of many methodologies 

presented in the literature on clustering-based strategies aimed at enhancing network longevity, with a 

primary emphasis on the LEACH and hybrid energy-efficient distributed clustering (HEED) algorithms. The 

primary advantages of the proposed technique are the optimized energy usage and the extended network 

lifespan. WSNs provide real-time data collection and transmission, enabling astute resource management and 

improving energy efficiency across diverse industries is shown in Figure 2. WSNs significantly influence the 

operation and administration of smart grids and the monitoring of renewable energy sources. Smart grids use 

advanced communication and information technologies to enhance traditional electricity networks. This shift 

employs WSNs to improve energy efficiency and bolster grid dependability. 

 

 

 
 

Figure 2. Clustering techniques in WSN 

 

 

Inverters convert direct current (DC) electricity from batteries to alternating current (AC) to 

accelerate or decrease the vehicle speed and to control the motor speed and torque. The pulse width 
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modulation (PWM) approach is used to adjust the output frequency of the inverters, which changes necessary 

speed of the drive. The inverters necessary so are to be highly efficient and reliable. Inverters are pricey 

component of EV power conversion system and also it is the important factor in terms of overall system 

dependability and operation. Waveforms of square waves, quasi-sine waves, modified sine waves, or pure 

sine waves can be found in the AC output generated by the inverter. When compared to other output kinds, 

pure sine wave inverters are favored due to their superior power quality and great efficiency. The total 

harmonic distortion (THD) of the inverter output is regulated by the shape of the distorted wave. 

The whole WSN is structured into hexagonal clusters. Each cluster has a head located at the 

convergence point of the hexagon, which is further optimized for computing efficiency and has an extensive 

radio broadcast range. A CH is equipped with a transmitter capable of communicating with several CH. The 

transmission range of a CH is often considered to be twice that of a sensor, corresponding to the maximum 

distance of the hexagon. The transmission range of the CH determines the extent of the hexagonal coverage. 

The distribution of sensor dispersion follows a Poisson distribution. Partial Poisson scattering may be 

represented in a d-dimensional space. However, we anticipate that the nodes inside the cluster will conform 

to a spatial Poisson distribution in a one-dimensional space. The density of node distribution signifies the 

average quantity of nodes that may be accommodated within a unit length. A higher density allows for the 

placement of more nodes. An analytical model examining the relationship between cluster size and the 

number of transmissions required for data delivery. They proposed and indicated that square-based clusters 

are ideal in size for achieving efficient transmissions and energy saving in WSNs. This paper asserts that 

employing a square cluster model may increase the number of inter-cluster transmissions for data delivery to 

the sink compared to the proposed hexagonal cluster model, as the coverage area of the square is smaller than 

that of the hexagonal cluster, resulting in a greater number of clusters in the square model. Consequently, it is 

said that the current square-type cluster model enhances inter-cluster transmission frequency. In contrast to 

the square model, the hexagonal cluster model exhibits an equal transmission range to the CH situated at the 

clusters center position. 

 

 

3. RESULTS AND DISCUSSION 

The setup phase is the initial and crucial operation in the LEACH protocol, during which the CH is 

identified and clusters are produced. The selection process of CH nodes in the LEACH protocol is predicated 

on probabilistic principles, which results in an inadequate distribution of energy consumption among all 

nodes, leading to an imbalance in energy utilization across the network nodes. The selection of the CH nodes 

disregards the remaining energy levels, resulting in instances where a CH node is selected despite insufficient 

energy, ultimately causing premature and inconsistent node failures. To enhance the equilibrium of power 

consumption in the WSN, the identification of appropriate CH nodes will be executed in the suggested 

algorithm. In this part, we evaluate the efficacy of the proposed technique. We evaluate our suggested 

strategy against LEACH and HEED. We develop our simulation environment with ASP.Net. The premises 

are as Figure 3 demonstrate that the proposed methodology enhances the lifetime of the sensor node 

compared to the LEACH and HEED algorithms. Specifically, Figure 4 indicates that the first dead node in 

the sensor network comprising 100 sensors occurs after 945 rounds with the proposed method, signifying a 

reduction in the number of nodes required for transmission and thereby extending the network's lifetime. 

Figure 3 illustrates that energy usage increases with the number of cycles in clustering data 

transmission in the proposed approach compared to existing technologies. The superfluity in data collection 

might result in considerable energy waste. In light of this fact, adaptive sampling techniques and data 

compression strategies were employed to minimize transmission costs and hence enhance the lifespan of the 

WSN. Compressive sensing (CS) based approaches have been devised to address these constraints. In recent 

years, the efficacy of CS strategies in data compression and their applicability in WSN have garnered 

significant attention. The characteristics of the cluster structure, including traffic-load balancing, and fault 

tolerance, confer competitive advantages to CS-based clustering and data gathering techniques compared to 

alternative methods. Utilizing the CS approach can lead to a large reduction in the redundancy of temporally 

and geographically correlated data, hence enhancing the efficiency of WSN. 

The lifetime of a WSN is measured in rounds from the initiation of network operations until the 

demise of the first sensor node (FND), which is crucial for numerous vital applications requiring dependable 

responses from the WSN. This provides an understanding of the network's performance in sustaining stability 

from the initial round to the demise of the first node. The Figure 5 demonstrates that the proposed  

cluster-based hierarchical routing protocol based on cuckoo search (CBHRP-CS) protocol significantly 

extends the lifespan of the WSN in comparison to alternative protocols. CBHRP-CS exhibited superior 

network stability compared to the other three protocols by employing a mix of the CS approach and CH-set. 

To understand how maximum power point tracking (MPPT) works, let’s first investigate the operation of a 

traditional (non-MPPT) charge controller. A traditional controller just connects the modules straight to the 
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battery while charging a drained battery. Because of this, the modules must run at battery voltage, which is 

usually not the optimal operating voltage at which the modules are able to produce their maximum possible 

power. 

 

 

  
  

Figure 3. Energy efficiency of the proposed work Figure 4. Deployment node of the proposed network 

 

 

 
 

Figure 5. Multilevel inverter with EV applications using sensor networks 

 

 

Furthermore, four critical characteristics may affect network performance. These characteristics 

include the distance between the sink and the CH, the residual energy of the CH node, the distance between 

the CH and sensor nodes, and the degree of the CH. The suggested approach excels in network longevity and 

economical energy use. A novel clustered routing protocol (CQRP) for distributed WSNs. The authors use 

challenges such as connection failure and resilience in WSNs in their method. The network attained quality 

of service (QoS) requirements with the effective selection of CH. The suggested CQRP approach effectively 

enhances network efficiency while reducing packet loss rates in both mobile and stable settings. Nonetheless, 

the suggested approach does not provide much increase in energy efficiency. This approach enabled an 

improved packet delivery rate despite the movement of CH. A novel sleep-oriented clustering methodology 

aimed at reducing energy usage. This method employs binary particle swarm optimization to cluster base 

stations exhibiting elevated interference values. A sleep mechanism has been implemented for base stations, 

and orthogonal spectrum sources have been allocated to smaller base stations within the cluster. Although the 

developed approach decreases energy usage, it fails to enhance other QoS metrics. Moreover, the suggested 

protocol employs a multi-metric fitness function for next-hop selection. The subsequent hop placements are 

optimized according to node status, and packet delivery to crowded lines is avoided. The experimental 

findings indicate that the suggested approach substantially enhances network longevity, energy efficiency, 

and throughput. WSNs include small, battery-operated sensors with limited energy resources. The primary 

advantage of the sensor network is its incorporation of electricity. Utilization limitation for sensor nodes 

based on battery longevity. The sensor nodes are often inaccessible to the user; hence, replacing the energy 

source or battery is impractical. Consequently, energy efficiency is a primary design consideration that seeks 
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enhancement to prolong the lifespan of the sensor network. To prolong the lifespan of sensor nodes, energy 

consumption and route design considerations are addressed. This research presents and implements an 

extended energy efficient clustering algorithm for WSNs. A thorough examination of many methodologies 

presented in the literature on clustering-based strategies aimed at enhancing network longevity, with a 

primary emphasis on the LEACH and HEED algorithms. The primary advantages of the proposed technique 

are the optimized energy usage and the extended network lifespan. 

 

 

4. CONCLUSION 

This research presents a novel methodology to enhance the energy efficiency of WSNs by 

strategically positioning base stations to reduce the squared Euclidean distances between sensors to these 

stations. We have used the Hessian matrix from multivariable calculus to enhance energy efficiency and 

determine optimal base station sites to decrease energy usage. The suggested technique is substantiated by 

problem formulation and requisite evidence. The suggested mathematical design will significantly enhance 

and optimize low-energy networks. The connection-based decentralized clustering model emphasizes the 

quantity of hops and the message weight used in data transmission. Choosing the appropriate relay node may 

contribute to energy conservation. Ultimately, the multi objective genetic algorithm (MOGA) is used for 

energy efficiency and reconstruction error optimization. The simulation results unequivocally demonstrate 

that our proposed CBHRP-CS protocol significantly reduces energy consumption, enhances the lifespan of 

the WSN, and permits a greater number of frames to be broadcast every iteration compared to other existing 

protocols. The A-LEC exhibits greater robustness, making it adaptable to variations in data patterns. The 

experimental results compare the proposed method to hybrid CS with an optimal tree structure, hybrid CS 

with square clusters, and clustering without CS. It reports a reduction in the number of transmissions by 

approximately 30%, 40%, and 60% on average for compressive ratios of 10 and 5, relative to the existing 

hybrid CS methods, across varying node counts. The field is examined to ascertain the impact and 

optimization of cluster size. Moreover, the future implementation of the hybrid CS with a hexagonal cluster 

would aim to enhance the wireless body sensor network by conserving energy during electroencephalography 

(EEG) signal collecting, with outcomes comparable to the current pure CS technology used in the wireless 

body sensor network. In the near future, a novel and enhanced cluster-based routing protocol may be 

presented to extend network longevity and optimize node energy levels for improved CH selection. 
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