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 Wireless sensor networks (WSNs) has a major designing feature 

representing by energy. Specifically, the sensor nodes have limited battery 

energy and are deployed remote from base station (BS); therefore, the actual 

enhancement dealing with energy turns into the Clustering routing protocols 

fundamentals which concerned in network lifetime improvement. Though, 

unexpected and energy insensible of the clusters head (CH) selection is not 

the best of WSN for greatly lowering lifetime network. A presentation article 

of an WSNs incoming routing approach using a mix of the fuzzy approach 

besides hybrid energy-efficient distributing (HEED) algorithm for increasing 

the lifetime and node’s energy. The FLH-P proposal algorithm is split into 

two parts. The stable election protocol HEED approach is used to arrange 

WSNs into clusters. Then, using a combination of fuzzy inference and the 

low energy adaptive clustering hierarchy (LEACH) algorithm, metrics like 

residual energy, minimal hops, with node traffic counts are taken into 

account. A comparison of FLH-P proposal algorithm with LEACH 

algorithm, fuzzy approach, and HEED utilizing identical guiding standards 

was used for demonstrating the performance of the suggested technique from 

where corresponding consumed energy as well as lifetime maximization. 

The suggested routing strategy considerably increases the network lifetime 

and transmitted packet throughput, according to simulation findings. 
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1. INTRODUCTION 

Wireless sensor networks (WSN) have received a great deal of interest in recent years. More and 

more intelligent sensors have emerged as a result of the advancement of microelectromechanical system 

(MEMS) technology. These sensors are smaller than standard sensors, have less processing and 

computational resources, and are less expensive. The utilizing of smart sensor nodes for sensing, measuring, 

then collecting data as of their surroundings. Sensors providing users with the acquired data via a variety of 

confined decision-making mechanisms [1]. Microelectronics advancements have accelerated the creation of 

compact, unexpansive, and apparatus with low-power that can sense surroundings besides process large 

amounts of data. These advancements may be fuelled partly by quick advancements of internet of things 

(IoT) conception as well as the need to connect, enabling requests like smart cars, controlling of traffic 

schemes, smart homes, digital twins, also for more conceivable [2]. Such programs must gather data coming 

obtained with monitoring process then transmit it for computing location [3]. 

https://creativecommons.org/licenses/by-sa/4.0/
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WSNs don’t require the assistance of a network connection, wide range of presentations related to 

military objective concerning bath track and supervising, regular disasters retrieve, monitors of health care, 

harmful environments investigation, detecting of remote earthquakes, as well as others [4]. A WSN is a 

collection of wirelessly networked multifunctional devices, known as sensor nodes or simply nodes, that are 

positioned in an area of interest with at least one sink node, known as a base station (BS). The BS has the 

ability to exercise centralized control over the network it is a part of, as well as connect with network end 

users and/or other wireless or wired networks (Figure 1) [5]. 

FBattery power, computing, sensor mobility, and communication capabilities are all limits that 

WSN faces. The selection of CH, creation of clusters, in addition to administration of a cluster member’s 

equation number are the primary issues in clustering (CMs). Several clustering techniques have been 

suggested, including LEACH, which is a well-known WSN algorithm. Clustering considers factors such that 

effective energies, positions, mobilities, and besides complication [6]. A typical sensor node is an electronic 

device that includes a processing unit, a communication module, one or more sensing devices, and a power 

unit, as illustrated in Figure 2. Optional equipment such as a mobility module or a location tracking module 

may be included. A sensor node collects data about its surroundings using its sensing components. A sensor 

node's processing unit handles the data it collects, and its communication module exchanges data wirelessly 

with other sensor nodes and the BS. A battery is commonly used as the power source [7]. The sensor node's 

current location is tracked by the position tracking module. Finally, the mobility unit allows for transfer. 

WSNs are indeed positioned in remote locations where humans can't acquire nearby with energy 

can't be recharged. As WSN consider compact and power-driven by battery, they have a number of 

drawbacks, including restricted processing plus storing capacity, communicated range is restricted, as well as 

imperfect energy [8]. A most pressing concern is energy. In multi-hop WSNs, uneven energy usage is a 

concern. A considerable portion of the network lifespan is lost due to inconsistencies in energy use. Because 

of the death of certain nodes, the entire network might be separated, eventually resulting in the network's end. 

The lifetime of a WSN be important criterion to evaluate routing protocol performances [9]. As a result, 

developing a successful strategy to limit energy loss is critical to extending the network's lifetime. 

In low energy adaptive clustering hierarchy (LEACH) protocol, there are two processing steps, a 

setup phase and a steady phase. Sensors are organized into groups, or clusters, during the setup phase, and 

data aggregation and transmission of detected data are done in steady state. Many alternative enhanced 

variants of LEACH have been proposed [10] due to LEACH's limitations. In order to optimize LEACH, the 

clusters head (CH) is chosen based on factors such as energy and network address. The value of the CH 

threshold is dynamically changed based on the network address. The LEACH procedure has been improved 

by the addition of two levels CH, one of which is closer to the BS while other is dependent on constraints of 

energy. As a result, the use of two CH assures a low energy drop on the network. 

Liao et al. [11] who assessed the distances and distributed density was employed an equal 

opportunity clustering method by way of distributed WSNs self-organization, taking into consideration an 

ideal cluster structure. As a result, it differs significantly from prior clustering techniques. For clustered 

heterogeneous WSNs, a stable election protocol (SEP) utilized for extend the period before the initial node 

dies, that considers critical for multiple implementation everyplace sensor network feedback ought to be 

dependable. SEP depends on the weighted appointment probability of becoming a CH from any node 

depending on which node has residual energy [12]. A mix of fuzzy and clustering methods was used by some 

of the researchers. 

Zytoune et al. [13] introduced a routing protocol that has regular balancing-energy that chose larger 

residual energies nodes than a particular threshold by means of routers with respect to further nodes and 

divided the energy burden across any sensors for maximization an overall network lifetime at every 

transmission round. The clustering with fuzzy-logic-based methodology which have an energy predicting 

addition was developed by Lee and Cheng [14] to extend the lifetime of WSNs by equally distributing the 

load using the fuzzy approach. It chooses the CHs based on the sensor nodes' estimated residual energy. 

Regarding the equilibrium of consumed energy and network lifetime maximization, Al-Alshawi et al. [15] 

introduced a combination of a fuzzy technique and an A-star algorithm. The authors compared the suggested 

technique to the fuzzy approach utilizing similar routing conditions at distinct topographical regions, utilizing 

many fuzzy parameters such as the nominal traffic loads, greatest that battery power remains, and minimum 

hops number. 

Azooz et al. [16], LEACH is improved as R-LEACH, that gives a selected CH process centred on a 

node's original energy, remaining energy, in addition to network's ideal CHs number. They presented the 

LEACH-C centralized technique. LEACH-C is an update to the LEACH protocol. Any network’s node sends 

data of position with remaining energy toward sink node in LEACH-C. A sink node clusters received data 

and calculates the best CH for each cluster based on the results. Communication overhead is enhancing 

throughout the procedure of re-clustering due to LEACH-centralized C's nature. For wireless sensor 

networks, a sleep-wake energy-efficient distributed clustering technique (SEED) was suggested in [17]. To 
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accomplish equitable energy distribution, SEED separates the sensing network for many zones instituted on 

how energy standard as low, high, or advancing. Nodes with a lot of leftover energy at an individually zone 

for only turning into CHs in SEED. Also, protocol of energy centrally clustering routing (ECCR) was 

suggested for WSNs. Clusters may be preset or static in ECCR, and a chosen of CHs are depending on the 

node order, which is made up of the node's remaining energy and typical distance with member nodes [18]. A 

high order node have a high remaining energies in addition to a little average distances. The fundamental 

purposing of this work is to develop a strategy that will help WSNs lifetime by minimizing energy costs and 

distributing energy use evenly. We employ both the Fuzzy method and the LEACH-HEED algorithms to do 

this.  
 

 

 
 

Figure 1. WSN collection [4] 

 

 

 
 

Figure 2. The architecture of a typical sensor node 

 

 

2. PRELIMINARIES 

Explaining In previous publications, the advantages and constraints of increasing network lifespan 

in WSN were considered. To address LEACH's traditional difficulties, the energy-efficient technique created 

on LEACH and presented by [19]. An idea with routing metrics, that may be utilized as WSNs lifetime 

extension, as well as several expectations upon which completely work may be based. The sensor’s sink and 

size of coordinators field can be recognized since sensors are spread randomly (uniformly) and are not 

movable, and not constrained energy of the sink, at least in relation to another sensor’s nodes energy [20]. 

The position of the base station considers static and remote as of the network's sensor’s nodes. Then in 

heterogeneous sensor networks, a fraction population of nodes seems to have energy higher than the node 

remainder at network; such that case when the nodes are equally space distribution. The network's aggregate 

energy may be sent to each node and adjust likelihood of chosen CHs based on their leftover energy [21]. All 

sensor nodes are dispersed at random around the region, moreover, every sensor node has been designed to 

detect its own location, the positions related for neighbours and sink nodes. The base station creates and 

sends the routing schedule to every node. A method of A-star can be utilized to determine a best route 

between the node and BS.  

 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Improving WSNs execution using energy-efficient clustering algorithms with … (Mohanad Sameer Jabbar) 

1125 

2.1.  Hybrid clustering algorithms 

The main goal of clustering algorithm with probabilistic selected type will be a network's lifetime 

increasing as well as scalability, but also a minimization and distribution the consumed energy [22]. The 

entire network is split up into virtualized squares grids, each of which corresponds to a different zone. The 

grid creation and cluster head selection processes are started by BS at the beginning of the network topology 

construction process. The most well-known protocols under this group include LEACH, energy-efficient 

hierarchical clustering (EEHC), hybrid energy-efficient distributing (HEED) and its expansions. 

 

2.2.  LEACH algorithm 

The LEACH protocol would be a single-hop, distributing, deterministic, hierarchically protocol. 

According to the receiving signal strength analyzer, LEACH creates the clusters. Furthermore, the LEACH's 

CH nodes serve as routers to the BS. The cluster is where all information gathering, including data fusion & 

aggregating, takes place. LEACH which fulfilled the unique requirements of WSNs, included increasing the 

lifetime of WSNs and reducing SN energy consumption, was initially suggested by Heinzelman et al. [23]. 

LEACH would be a distribution protocol with no need for a central management system that allows nodes to 

make choices independently. Since every node does have an equal chance of becoming a CH, the energy 

utilized by each SN every round is balanced. LEACH, which gives SNs an equitable opportunity to be 

selected as a CH, often offers a good representation of energy use [24]. An SN cannot revert to becoming a 

CH in the round after being selected as a CH. 

As an enhanced algorithm built on the LEACH protocol, the separation (SEP) algorithm is utilized 

for clustering techniques. By using the distinctive characteristics of heterogeneity with existing of proportion 

of advanced nodes and being the extra energy aspect added to normal nodes to become more advanced 

energy nodes. SEP enhances the stable region of the clustering hierarchy process [25]. Advanced nodes 

possess greater possibility than standard nodes of becoming cluster head, that is similar to a fairness limit on 

consumed energy, in order to prolong the stable phase time. The major goals of the SEP technique are to 

prevent low-energy nodes from being CHs, controlling the CHs numbers at an appropriate level, and reduce 

the unequal CHs distribution between rounds. By doing so, it is possible to lower energy costs and increase 

the network's lifetime. 

Younis and Fahmy [26] presented HEED clustering. By employing two fundamental criteria to 

choose the CHs, they enhanced the LEACH procedure. The second parameter, which depends on cluster 

density or node degree, is the cost of intra-cluster communication. The first parameter is the amount of 

energy left in each node. Unlike the LEACH technique, the CH nodes in HEED are chosen in a methodical 

manner. The only SNs that have a possibility of becoming CH nodes are those that have more of the 

remaining energy. Two nodes within the communication range having a small likelihood of becoming CHs is 

another possibility [27]. The CH nodes are evenly distributed over the sensor field in HEED as compared to 

the LEACH protocol. 

 

2.3.  Fuzzy approach 

Zadeh [28], fuzzy logic was first described in the middle of the 1960s. Since then, its uses in system 

identifying and adaptive controlling systems have increased exponentially. It benefits from being simple to 

implement, reliable, and capable of approximating any nonlinear mapping. A collection of linguistic fuzzy 

rules based on the knowledge of a human expert define the dynamic system's behaviour throughout fuzzy 

systems. A fuzzy system's core rules might be given by experts or can be deduced from numerical 

information. The rules that we are interested in may be written as a series of IF-THEN statements in either 

scenario. The usual structure of a fuzzy system is seen in Figure 3. It consists of four components namely; 

fuzzification, rule base, inference engine and defuzzification. 

 

 

 
 

Figure 3. Typical structure of fuzzy approach 
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3. PROPOSED FLHP ALGORITHM 

A significant aspect in evaluating the effectiveness of routing methods is the lifetime of a WSN. A 

considerable portion of the network lifetime is lost due to imbalanced energy use. Thus, the key challenge for 

extending the network lifetime is to design an efficient routing mechanism to limit energy losses. This paper's 

main objective is to develop a protocol that, by restricting the consumed energy and balancing the energy 

costs distributions, may increase network lifetime [29]. So, a suggestion of the FLH-P routing methodology, 

which applies the HEED algorithm, fuzzy approach, and LEACH method. By taking into account the three 

routing criteria, the proposal chooses the best node to build the multi-hop tree. 

So, the feature of this proposed approach is network lifetime Improvement in WSN by composing 

the network with a combination of LEACH and HEED at one side and the applying of fuzzy logic approach 

in the other side for energy mitigating reasonable energy consumption in sensors [30]. The conventional 

LEACH protocol is enhanced by the proposed FLH-P with the selection of best CH and helper CH using 

parallel operating optimization algorithms. Also, an addition of probability link in addition to decisive 

indexing are applied for decision-making process for handling the cluster size that considers the drawbacks in 

LEACH. Based on the estimated metric the decision is made and either the cluster is split into two or merged 

into one. While the selection of the best channel to transmit the collected data to sink without any packet loss. 

A MATLAB software considers the simulation tool for better realization of delay, consumption of energy, 

throughput, counts of alive nodes and packet loss. 

 

 

4. SIMULATION ENVIRONMENT 

In this section, software MATLAB is used for the implementation in this suggested WSN system. 

The discrete-event network tool that covers all the functions of sensor nodes is how this FLH-P is modelled. 

In the environment is sensed by the sensor, measurements are sent as packets. Each packet is made up of a 

single buffer and has a header with the data appended to it. The suggested methodology is compared to the 

LEACH algorithm and the fuzzy approach to show how well it balances energy usage and maximizes 

network longevity. The remaining energy, the smallest hop, and the traffic load are the same routing 

parameters that are used by all three of these algorithms to determine the best route from the source node to 

the sink node. 

Table 1 includes a few major system model characteristics but does not limit there. The above-

discussed methods for clustering, head selecting, scheduling, as well as selecting channels are all utilized to 

create the suggested lifetime enhanced WSN environment. By putting the suggested algorithms into practice 

in this simulated environment, the outcomes are assessed. MATLAB is used to run the simulations. A 400 m 

by 400 m area with 300 sensor nodes randomly placed has a perceived transmission limit of 30m. There is a 

data sink node at (0, 50). The starting energy of 4J is shared by all sensor nodes. The first order radio model, 

which is widely utilized in the domain of evaluating routing protocols in WSNs, is employed in the suggested 

technique. 

 

 

Table 1. Characteristics MATLAB model of the simulation 
Symbol Specification  No. 

N Number of nodes 300 

W length of the network 400 

L width of the network 400 

Ei Initial energy of each node (joules) 4 

CHpl Packet size for cluster head per round (bits) 3000 

p desired percentage of cluster heads 5/100 

R Range for cluster 50 

pMin Lowest possible CH_prop 10^-4 

max_rounds Max Number of simulated rounds 2000 

NonCHpl Packet size for normal node per round (bits) 300 

Tsetup average Time in seconds taken in setup phase 4 

Tss average Time in seconds taken in steady state phase 10 

Etrans Energy for transmitting one bit 1.0000e-05 

Erec Energy for receiving one bit 1.0000e-05;  

Eagg Data aggregation ener 1.0000e-07;  

Efs Energy of free space model amplifier 0.3400e-9 

 

 

An advanced nodes have an initial energy in this clustering routing techniques is 4 J, while the regular 

nodes initial energy is 1 J. A 300 bits’ nodes message size which will be send to specified CHs and also the 
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aggregated messages which CH transmitted to the sink node have the same size. The initial CH ratio is 0.2 

with a packet size of 3000 bits.  

4.1.  Implementation of FLH-P algorithm 

There are two stages in the FLH-P algorithm. First, cluster the wireless sensor network using the 

stable election protocol (LEACH) method. There are two types of nodes: advanced and normal. The energy 

of the advanced node is double that of the standard node. To ensure an equitable distribution of the CH, it is 

suggested that the candidate nodes run for the CH based on the residual energy that falls within a specific 

range. Second, among the CH nodes, the fuzzy inference is paired with HEED algorithms to find the 

optimum path from the source node to the destination node while taking into consideration the residual 

energy, minimum hops count, and traffic loads of each CH. Figures 4 and 5 present the results using the 

FLH-P routing method to find the optimal route. 

 

 

 
 

Figure 4. FLH-P routing method  

 

 

 
 

Figure 5. Optimum method of FLH-P routing 
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4.2.  Energy model 

When the energy reached zero, the node perished since it could no longer be relocated after being 

put. The first-order wireless model that is often utilized in WSNs was employed in the experiment. In this 

article, there are two categories for the consumed energy used by the sensor nodes. The energy used by the 

basic or advanced node comes first (non-CH and nonparent node). The energy used by the CH or parent node 

comes next (PN). In the same way as a CH or PN, data processing also uses energy, in addition to delivering 

and receiving messages. 

 

4.3.  Alive nodes 

Figure 6 show the simulation results for nodes being alive distributed configuration. It can be seen 

that the number of nodes alive in the proposed method is always higher than that of LEACH, and HEED 

algorithms. The Figure 6 can also show that the performance of these algorithms is obviously affected by the 

topographic regions. The HEED and LEACH algorithm performance varies greatly in the 600-1000 rounds: 

Distribution of the nodes being alive according to the number of rounds. In Figure 6, the survival rate of 

nodes for HEED and LEACH algorithms lower than the FLH-P proposed algorithm, while the FLH-P 

algorithm has achieved good performance. The FLH-P algorithm has a strong adaptive capacity under 

different network topologies. 

As can be observed in Figure 6, the proposed technique consistently has a greater number of active 

nodes than the LEACH and HEED algorithms. It can also demonstrate how topographic areas have a clear 

impact on how well these algorithms function. The distribution of the nodes that are alive varies significantly 

between rounds 600 and 1000 for the HEED and LEACH algorithms. Figure 6 shows that the FLH-P 

technique has performed well, whereas the survival rates of nodes for the HEED and LEACH algorithms are 

lower. Under various network topologies, the FLH-P algorithm has a great potential for adaptation. 

 

 

 
 

Figure 6. Alive nodes numbers vs rounds for different approaches 

 

 

4.4.  Throughput effectiveness  

Throughput is a significant factor in determining how well data transfer performances are achieved. 

It represents how many packets were successfully sent at the specified time. The improvement in throughput 

reveals the level of connectivity that tends to effectively complete the transfer. Network congestion and 

packet loss are the two main factors that reduce throughput. Multiple nodes participating in simultaneous 

communication causes network congestion. The FLH-P approach is used in our proposed WSN system 

model to provide precise timing for nodes. As a result, only nodes in the transmission state will transfer data 

to CH/HCH, entirely avoiding network congestion. 

The throughput figures are shown in Figure 7 for comparison. The proposed approach is contrasted 

with LEACH and HEED. This comparison shows that the proposed FLH-P has a high throughput compared 

to comparable systems. The optimal transmission route was chosen, considerably reducing packet loss, which 

resulted in an increase in throughput. Therefore, reducing packet loss will save unnecessary retransmissions, 

which also use energy. The planned FLH-P has a throughput that is around 60% more than LEACH's and 

20% greater than HEED's. 
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Figure 7. Throughput vs rounds for different approaches 

 

 

4.5.  Energy consumed effectiveness 

Because sensor nodes require battery assistance, the amount of energy spent by sensors is crucial to 

the WSN network. Energy is used by sensor nodes during data transmission and sensing. By carefully 

planning the actions of sensor nodes, this energy usage may be reduced. The comparison figure for the node's 

energy usage is shown in Figure 8. The ordinary LEACH uses more energy than the HEED and suggested 

FLH-P in this comparison. Energy usage in LEACH is comparably high as a result of the constraints and 

troublesome concerns listed above. In the suggested work, FLH-P is introduced to choose the best CH/HCH, 

which avoids frequent head selection and improves energy consumption by conserving energy during sleep 

stages. If the scheduling is done in a balanced manner, there is possibility for this task. 

 

 

 
 

Figure 8. comparison for the node's energy usage 

 

 

The first most important statistic in WSN is network lifetime, and is the objective of this article. The 

number of maintained living sensor nodes in the proposed network is used to determine network lifetime. 

The optimal performance of the system model with the suggested algorithms is implied by an increase in 

network lifetime. Clustering, which is the best approach, is mostly used to increase WSN network lifetime. A 

weak cluster formation process, on the other hand, results in increased energy consumption and a shorter 

network lifetime. The network lifetime is calculated based on the quantity of energy used. 
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5. CONCLUSION 

Efficiency in energy use is crucial in wireless sensor networks as nodes rely on finite amounts of 

battery power. In the actual world, energy is a key consideration while developing WSNs. Sadly, the battery's 

energy is finite by nature. Therefore, the most crucial factor in energy use is efficiency. Numerous algorithms 

have been developed to increase energy efficiency. A network lifespan enhanced WSN system model is built 

and integrated with LEACH, HEED, and fuzzy technique in this suggested article. These techniques are used 

to choose a CH and HCH for balancing energy usage and concurrent data collection. Members carry out 

sensing and communicate the sensed data in accordance with the timeslots, whilst the cluster head receives 

data and transfers it to the sink. Dynamic fuzzy is used to get the most effective channel for transmission 

during head transmission. By determining the perfect channel and allocating time slots, improvements in 

throughput, packet loss, and latency can be addressed. The suggested approach offers an effective CH 

declaration procedure to decrease the probability of re-clustering, thereby reduces control packet overhead 

and increases CH lifetime. In comparison to the current clustering technique, simulation results show that the 

proposed system lowers re-clustering frequency and management overhead, increases network lifetime, and 

optimizes energy usage. It has been shown that a considerable reduction in the energy consumption of nodes 

closer to the sink can lengthen the lifetime of WSNs. 
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