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 One of the most pressing issues in wireless sensor networks (WSNs) is 

energy efficiency. Sensor nodes (SNs) are used by WSNs to gather and send 

data. The techniques of cluster-based hierarchical routing significantly 

considered for lowering WSN’s energy consumption. Because SNs are 

battery-powered, face significant energy constraints, and face problems in an 

energy-efficient protocol designing. Clustering algorithms drastically reduce 

each SNs energy consumption. A low-energy adaptive clustering hierarchy 

(LEACH) considered promising for application-specifically protocol 

architecture for WSNs. To extend the network's lifetime, the SNs must save 

energy as much as feasible. The proposed developed cluster-based load-

balanced protocol (DCLP) considers for the number of ideal cluster heads 

(CHs) and prevents nodes nearer base stations (BSs) from joining the cluster 

realization for accomplishing sufficient performances regarding the 

reduction of sensor consumed energy. The analysis and comparison in 

MATLAB to LEACH, a well-known cluster-based protocol, and its 

modified variant distributed energy efficient clustering (DEEC). The 

simulation results demonstrate that network performance, energy usage, and 

network longevity have all improved significantly. It also demonstrates that 

employing cluster-based routing protocols may successfully reduce sensor 

network energy consumption while increasing the quantity of network data 

transfer, hence achieving the goal of extending network lifetime. 
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1. INTRODUCTION 

Information technology advancements are progressively influencing companies and community 

activities. This does appear to be preparing a manner for the industrial revolution 4.0 [1]. The embedding 

smart sensors within surroundings which connect via networks by wire or wirelessly in addition to internet 

protocols could allowing physical world to be incorporated into information systems. The internet of things 

(IoT) is widely used to describe such systems [2]. Wireless sensor networks (WSNs) have recently attracted 

widespread interest and application due to rapid growth of microelectrical-mechanical system (MEMS) 

technology and considerable advancement at wireless communication. The monitor of environments and 

habitat, controlling of industry, observation of battlefield [3], [4] monitoring of operational healthy [5], the 

diagnostic infrastructures and capabilities, besides other commercially employments [6] are just a few of the 

fields where WSNs are currently being used. One of the most WSNs fundamental purposes in recording 
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condition data detected through nodes intended for advance analyses to the sink, and there has been a lot of 

attention paid to building autonomic WSNs for industrial use. 

Some protocols and techniques being used conventional wireless ad-hoc networks, such as the ad 

hoc on-demand distance vector (AODV), dynamically sourcing route (DSR), have been studied before. 

Suffusion WSNs applications, on the other hand, need more distinct properties [7]. The WSN is made up of 

distributing autonomous sensors that are able to physical situations monitoring in the region they are in, like 

pressure, sound, heat, and polluted air, and send the corresponding data to a central point via collaborative 

abilities. The data collected with such sensors is signals converting, which are then forwarded to a processing 

unit to expose a few characteristics about the region in which the sensor nodes (SNs) are located [8]. 

WSNs are made up of hundreds, if not thousands, of communicated nodes with restricted sensing, 

handling, besides computing susceptibility, as well as a restricted energy sources. They intended to perform 

good in place of many months, if not extended, depending on the application [9]. The nodes, on the other 

hand, are typically put in hostile and inaccessible environments, making it difficult or impossible to replenish 

energy neither replacing battery. As a result, part of nodes come to an energy ending, causing network 

division [10]. The energy efficiency of WSNs should be prioritized in order to extend their lifetime as much 

as feasible. 

Clustering is the most common strategy for building energy-efficient designs, particularly for 

delivering energy-efficient and significantly enhanced sensor networks [11]. The regulatory clustering 

reduced the connections overhead significantly, reducing both the energy usage and SNs disruption [12]. 

Additionally, the defined node, which is the major duty of the cluster head (CH), collects sensor data, 

reducing the total data amount reaching main station along with bandwidth resources and limiting energies as 

shown in Figure 1. Some methods build clusters that are largely based on domestic traits, which aren't always 

the best. The necessity of producing load balance energy with operative clusters must be prioritized [13]. 

 

 

 
 

Figure 1. A WSN structure 

 

 

In a variety of applications, WSNs have become more research-driven. Sensor networks have 

always required a lot of energy, according to scientists. Data aggregation is an effective energy-saving 

approach for extending the life of sensor networks. Because of their great reliability and adaptability, 

hierarchical cluster-based data aggregation techniques are commonly used among diverse approaches. 

However, there is an issue with imbalanced energy dissipation at clustering-based sensor networks [14]. 

The communication procedures in WSNs utilize the majority of the energy. The SNs perceive and 

collect data from their surroundings and send it independently to the sink. The energy resources available to 

SNs are limited. To overcome this issue, a number of energy-efficient routing techniques have been 

proposed. They are mostly grouped into two groups: flat routing protocols in addition hierarchical routing 

protocols [15]. 

Great efforts have been made in recent years to extend the lifetime of WSNs. The majority of these 

initiatives are focused on energy efficiency and balance. All known approaches may be classified into one of 

the following groups: i) controlling topology with medium access control (MAC) schedule: because loads of 

traffic are frequently unevenly distributed, it is a good idea to alter node density with various locations [16]. 

Furthermore, according to certain studies, various collision-free MAC scheduling techniques have been 

designed to reduce energy loss due to transmission collisions [17]; ii) energy-efficient routing methods, a 

slew of new protocols has lately developed. Protocols based on clustering, for example, are interesting 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 12, No. 1, February 2023: 196-206 

198 

solutions because they facilitate data fusion plus have many desirable qualities like scalability and 

organization [18]; and iii) energy-balanced data propagation: this objective is to conserve energy by using 

energy-balanced data transmission systems. Because transmission accounts for a major portion of overall 

energy use, this technique is projected to save energy effectively, as illustrated in [19]. 

WSNs have been used in a variety of industries as the IoT has grown in popularity. The energy 

problem in WSNs has gotten a lot of attention lately, and a lot of specialists and academics have done a lot of 

research on it. Because SNs have a finite amount of energy, maximizing the network's lifetime has been a 

major subject in recent debate. Zhang and Chen [20] employed double stages for enhancing the clusters 

generation and a selection of CHs, which correlate to two processes, namely cluster formation and cluster 

operation. For WSNs with multilayer energy inhomogeneity, a novel clustering optimization approach was 

developed. Based on this technique, a wireless sensor network may balance network node energy 

consumption and extend the network's life cycle. The accuracy, energy consumption, and computational 

complexity of WSNs were also investigated [21]. For multi-hop WSNs have limiting energies, framework 

with an inverse non-uniform time synchronization had been established, and a synchronization of empty 

beacon energy-saving period system was created. The energy consumption and computing complexity were 

kept to a minimum in order to ensure synchronization precision. Given that available ambient energy is 

unpredictably variable and fluctuates over time, Aoudia et al. [22] provided a strategy with an 

implementation for achieving energy-neutral functioning on energies collecting wireless SNs. Such approach 

employs an adaptation of duty cycle by using management circuit of energy to deliver energy-neutral 

operation based on the availability of energy at surroundings in addition to node's current energy condition. 

Several breakthroughs in recent years have aimed to increase the lifetime of the network using 

various strategies. The following are some of the most common methods currently being proposed. The low-

energy adaptive clustering hierarchy (LEACH) considered as the most well-known distributed clustering-

based routing algorithms [23]. It employs a method of equally distributing energy demands by spinning CHs 

at random. The CHs, on the other hand, don’t chosen in a non-definitive manner, so they could spread 

unevenly. Additionally, data transferring of CHs straight to the sink; but who were further away from the 

sink will run out of energy sooner. A centralize routing protocol, denoted by low-energy adaptive clustering 

hierarchy centralized (LEACH-C), is suggested to overcome the issue that arose in LEACH. To build 

superior clusters, it employs a core algorithm. The sink in LEACH-C made cluster creation. Such CHs are 

chosen using the simulated annealing process [24]. 

Lindsey and Raghavendra [25] describes a protocol named power-efficient collecting in sensor 

information systems (PEGASIS). To make the transmission process easier, it creates a chain. It also specifies 

which nodes should send attached data for the sink. In a meanwhile, the nodes alternate transmitting data to 

lower average consumed energy resulting in increased lifetime of the network. Al-Mekhlafi et al. [26] 

reviews and discusses the algorithms that have been created to cope with the difficulties and systems that 

have inspired time synchronization via WSN in a wide sense. It is a thorough investigation that includes the 

transmission state instrument, places of interest, and the negative consequences of previous related work. 

Abderrahim et al. [27] proposes a multi-hop transmission technique for WSNs based on the Dijkstra 

algorithm WSN. Dijkstra is the basis for our suggested relay selection method. The major goal of the 

research is to define a novel transmission technique that improves on our prior work by more efficiently 

lowering power usage. 

WSNs' energy-efficient cooperative communication across frequency-selective fading channels is 

investigated [28]. The closed-form bit error rate formulas are obtained for systems over frequency-selective 

fading channels. To fully explore the energy conservation potential of cooperative communications, the best 

transmission power allocation options and the partner node selection will be presented. Furthermore, chip-

interleaving approaches in WSNs with flat fading channels have been shown to increase communication 

quality dramatically. As a result, the potential for energy savings in frequency selective decomposition of 

chip-interleaved transceivers in WSN is investigated in this work. This paper is briefly organized as follows: 

i) section 2 defines the configuration of WSN modelled and network's structure and their CHs within cluster-

based protocols; ii) section 3 demonstrate the proposed cluster-based routing protocols while finally; and  

iii) section 4 highlights the results of the simulations and a comparison of SN lifetime with MATLAB could 

utilized for simulating LEACH, and its corresponding the distributed energy efficient clustering (DEEC), 

besides proposed algorithm the developed cluster-based load-balanced protocol (DCLP); and v) section 5 

presents the conclusions. 

 

 

2. METHOD 

The WSN considers network made up of random SNs number that configure various clusters, 

separately with a CH node and many cluster members (CMs). According to its associated position, any CM 

https://scholar.google.com/citations?user=hWgQeD4AAAAJ&hl=en&oi=sra
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decides if can be belonged to cluster. In addition, each CM contain range of sensing at which any node may 

receive data then send it to an appropriate CH, which subsequently delivers it to sink node. Figure 2 depicts 

the network diagram utilized here [29]. 

If a SN be operational, it is often separated into two states: first is active when a working stage of a 

SN are the node has to transmit in addition to receive data, while second is sleep stage or idle listening if the 

node has no sending or receiving data. To save energy, all functionalities on the SN are switched off when it 

is in sleep mode. The SNs energy usage can be regarded zero within such state. The sensor network can be 

presented like a WSN model. The n number of SNs could be manually deployed in a complicated 

environment and put consistently and randomly in a L*L square region [30]. The SNs set van be given  

by (1): 

 

𝑆 = (𝑠1, 𝑠2, … … 𝑠𝑛) (1) 

 

the network's structure is depicted in Figure 1. There is a CH for each cluster, as well as CMs. The data is 

collected by each cluster member and forwarded to the CH. After that, all of CHs using role of the principle 

of aggregation and compression data will process such data before sending it to the sink node. 

The fundamental network design and indeed the implementation of SNs being expected to be 

followed throughout the deployment of the nodes, such that a sink node which considers comparatively 

remote from the WSN can be connected physically, in the absence of energy usage regarding. These SNs as 

well as sink node considered stationary, and all SNs have the same beginning energy. Each SN in the 

network is given a unique identifier. The SNs able to change the power needed for transmission wirelessly 

depending on that situation. Finally, the node perceives the information in the surrounding environment and 

is constantly sending data. Despite the benefits of previous cluster-based routing protocols, there are very few 

challenges which have to be solved in order to reduce energy consumption and, as a result, enhance network 

lives. The following are the concerns that can be discovered. 

First, CHs within cluster-based protocols can be considered in charge of collecting and aggregating 

data from their CMs before sending it to the designated destination [31]. As a result, the CHs' energy 

consumption is higher compared to CMs. Furthermore, if CHs send collected data with a long-distance 

transmission for base stations (BSs), it consumes a lot of energy and causes CHs to die prematurely [32]. 

Although many alternative clustering strategies have been presented to improve network performance, just 

limited researchers were focused on the rotation methodology. As illustrated in Figure 2, the rotation 

strategy, which is linked to cluster-based routing protocols, splits WSNs lifetime with many 'rounds.' At any 

round, the selection of new CHs for rotating the CH’s role amongst some accessible nodes in accordance 

with the clustering. By evenly distributing the CH's responsibility among the nodes, load balancing improves 

and the network lifetime is extended. On the other hand, because CH rotation was carried out at each round 

over the complete network, the significant overhead is sustained each period of reassembling the clusters, 

which is inefficient in and of itself. To solve this challenge, realistic strategies for managing energy usage 

and extending the network lifetime must be identified. 

 

 

 
 

Figure 2. Cluster-based model 

 

 

Second, inequalities distributions of CH nodes inside a network plague cluster-based routing method 

for WSNs. This can result in greater energy waste [33], a disparity in energy consumption within clusters, 
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and a decrease in overall network performance. As a result, while building a cluster-based routing protocol, 

equitability from where distribution of the load is critical factor to consider. 

Third, when CHs conduct network tasks in cluster-based protocols, they require more energy, which 

might cause nodes to die prematurely that causing failure of network. Selection an optimum CH may have a 

significant impact on the network's energy efficiency. A CH might be chosen based on the superiority of the 

nodes. This can be dependent on a variety of factors, including residual energy, node step, connection, and 

the distances between nodes. 

 

 

3. EXISTING AND PROPOSED CLUSTER-BASED ROUTING PROTOCOLS 

Differentiating and categorizing clustering techniques in WSNs may be accomplished in a variety of 

ways. The following are some of the most well-known cluster formation concepts and criteria that are used in 

CH selection. The main goal of the probabilistic selection clustering algorithm category is to increase the 

network's lifetime and scalability while lowering and equally distributing energy consumption. LEACH, 

energy-efficient hierarchical clustering (EEHC), hybrid energy-efficient distributed (HEED), with their 

expansions consider the most recognized protocols in this group. The probabilistic clustering techniques are 

discussed in further depth in the next section. 

Heinzelman et al. [34] presented LEACH, the first well-known clustering technique that addressed 

the special demands of WSNs, such as prolonging WSN lifespan and reducing SN energy consumption. The 

LEACH protocol followed a type of single-hop that is hierarchical, probabilistic, and distributed. The 

received signal strength indicator (RSSI) is used by LEACH to create clusters. Furthermore, the CH nodes in 

the LEACH serve as BS routers. All data collection, in the mean of data fusion and aggregation, takes place 

inside the cluster. 

LEACH considers also a distributing protocol in which nodes make autonomous judgments without 

relying on a centralized mechanism. The Opportunities of any node is equal of becoming CH, balancing each 

SN's energy usage every round. To determine if a node is a CH, it generates a random integer between 0 and 

1 then compares it to threshold value T(n), as shown in (2). CHs will be nodes having random number less 

than T(n). To build a cluster, each chosen CH sends a greeting message to the non-CHs. This non-CH links 

CH which could be extended with a minimum communication energy [34]: 

 

𝑇(𝑛) =
𝑃

1−𝑃[𝑟∗𝑚𝑜𝑑(
1

𝑃
)]

𝑖𝑓 𝑛 ∈ 𝐺 (2) 

 

where the provided node is n, p denotes the probability, current round denotes r, G denotes set of nodes 

which were didn’t chosen as CHs in the former round, and the threshold denotes T(n). 

LEACH, in general, is a useful model of consumed energy since it gives an identical chance for the 

SNs to be nominated like CH. A SN who has been preferred to be CH can’t become a CH again in the next 

round. Also, because LEACH use TDMA protocols, it avoids unwanted CH collisions.  

Hameed et al. [35] propose another essential probabilistic clustering algorithm, EEHC. LEACH 

protocol's flaws, such as the one-hop random selection process, are addressed by the authors of this protocol. 

By repeating the clustering process at the level of CHs, EEHC protocol extends the network's multi-level 

construction, allowing for several layers of cluster hierarchy. There are two phases to the EEHC protocol: 

initial and extended. Initially, each SN sends a probability p hallo message to all neighbouring SNs 

containing communication range, offering them to join as CHs. This hallo message is acquired by nodes has 

a k hops coverage of a CH, either directly or indirectly. The nodes which get the message but are not CHs 

join the cluster nearest to them. The second step, referred to as the expanded stage, entails the creation of 

several layers inside the cluster structure. Between CHs and the BS, the protocol ensures multi-hop 

connection. 

Younis and Fahmy [36] proposed HEED clustering. The authors refined the LEACH technique by 

selecting the CHs using two fundamental factors. The residual energy related for each node is a first factor, 

and the cost of intra-cluster communication with a function of cluster density or node degree is the second. 

Unlike the LEACH technique, the CH nodes in HEED are chosen in a methodical manner. Only the SNs with 

the most remaining energy are eligible to be nominated for CH nodes. Furthermore, double nodes have the 

same communication range possess a small likelihood of becoming CHs. If there is a comparison with 

LEACH and HEED protocols, the CH nodes in HEED are evenly distributed over the sensor field. HEED, on 

the other hand, the energy consumption is unbalanced as a result of more CHs being formed than expected, as 

well as large overheads due to several rounds. 

One of the most difficult difficulties in WSN application design is managing energy usage in order 

to increase network performance. Despite the fact that various methods have been presented for addressing 
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such problem, assessing the performances of networks remains difficult. The SNs located far away for BS 

depend substantially on the efforts related to the group of intermediary nodes for transport corresponding 

data in a wide-range WSN scenarios. Alternatively, the nodes must send their data straight to the BS using 

high transmission power. Regardless method is used, the overall network's latency and power consumption 

are typically affected. The CH rotation strategy is a mechanism for maintaining cluster topology. It is 

essential for repairing, rotating, and reorganizing assembly of the cluster in order to prevent CH nodes from 

dying prematurely besides extending the lifetime of networks [37]. 

The architecture of the LEACH protocol is used by a large variety of routing systems. The network's 

life duration is broken into a series of periodic stationary rounds in such protocols. It could be demonstrated 

that using a static round time inside these protocols results in uneven load distribution. To improve load 

balance and guarantee effective energy use, the CH duty must be cycled across all nodes in the network. As a 

result, every set time, all network’s nodes must be setting up with fresh CH selection procedure. However, 

because cluster-based protocols need consistent re-clustering in order to maintain a balanced consuming 

energy, reiterating the procedure of cluster over the completed network would raise network overhead then, 

as a result, reduce network operating time [38]. 

The proposed approach is based on realisation of HEED protocols. The HEED protocol's clustering 

phase could be tweaked to create it further effective of energy. This HEED protocol can break down into 

rounds, every one of them comprises two basic phases: setup and steady. Though, in the DCLP, these two 

phases are simply running within first round. DCLP can keep the clusters after the first round and rotate 

controlling among them in cluster itself with picking the node at high energy every round for reducing the 

regularity with which a BS sends out re-clustered messages. By reducing an overhead controlling message 

reciprocate throughout the re-clustering, this approach enhances energy efficiency. 

 

 

4. SIMULATION RESULTS AND ANALYSIS 

With a view to verify the success and efficiency of the proposed algorithm which is related to the 

SN lifetime, MATLAB could be utilized for simulating LEACH, and its corresponding DEEC, in addition to 

proposed algorithm DCLP. The benefits of SNs in WSN are then assessed in terms of longevity, data 

transmitted, and node subsistence condition. In this study, 200 SNs were dispersed at random in a 150*150 

area, with the sink node fixed at (50, 50). The supplying energy was provided just the SNs were placed. 

Table 1 shows the particular parameter settings used during simulation. 

 

 

Table 1. The parameters of our simulation 
Parameters Value Symbol 

Initial energy (J) 2.0 E initial 

Number of iterations  4000 rmax 
date packet Sizes (bits) 5000 Dz 

Amplifier consumed energy Limits 0.0015 Emp pJ/bit/m4) 

Parameters of amplifier energy consumption  12 pJ/bit/m2) Ef s 
Eelec (nJ/bit) 50  

Routing protocols 3 LEACH, DEEC, DCLP 

 

 

The WSN performance metrics that are applying for evaluating the algorithm's performances are as 

follows:  

a. Network lifetime, the time interval between the start of network operation and the death of the last live 

SN, as calculated by (3): 

 

𝑇𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 = 𝑡𝑅𝐷𝑁 − 𝑡𝑠𝑡𝑎𝑟𝑡 (3) 

 

where tRND=20 the resistance-nodulation-division (RND), RND is the rounds number that a total SNs were 

died after, and tRND represent the time for those SNs when dying.  

b. CHs number per round, each nodes number which immediately transmit information gathered from the 

choosing CMs directly for BS is adopted agreeing with threshold condition T(si), k denotes to CHs 

optimal number, dtoCH represents the estimated distance between one sensor and CH, so that k may be 

calculated in various channel models as (4): 

 

𝑘 =  
√𝑁

√2𝜋
 

𝐿

dtoCH
 (4) 
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c. Consumed energy in network, the consumed energy associated WSNs essentially consist of consumed 

circuit energy and the consumed power amplifying energy, with the last is leading. This energy can be 

calculated by (5) for various channel models 

d. Data transmitted amount, total volume of data that were transmitted via nodes (containing the CHs 

besides added nodes) within a WSN toward BS and may be determined by (6): 

 

𝐸𝑟𝑜𝑢𝑛𝑑 = 𝑘 𝐸𝑐𝑙𝑢𝑠𝑡𝑒𝑟  

= 𝑚 (2𝑁 𝐸𝑒𝑙𝑒𝑐𝑡 + 𝑁𝐸𝐷𝐴 + 𝐾𝜀𝑓𝑠 𝑑
2 𝑡𝑜𝐵𝑆 + 𝑁𝜀𝑓𝑠 𝑑2 𝑡𝑜𝐶𝐻 (5) 

 

𝑑𝑎𝑡𝑎 = 𝑑𝑎𝑡𝑎𝐶𝐻−𝐵𝑆 + 𝑑𝑎𝑡𝑎𝑁−𝐵𝑆 (6) 

 

4.1.  Network lifetime 

Figure 3 compares LEACH, DEEC, and the DCLP considered in this study in terms of dead nodes. 

The slope of the DCLP algorithm's death node change curve was clearly lower than that of LEACH and 

DEEC. The SNs throughout a vast region began to die after the initial node death in the DCLP algorithm. 

After 2,500 cycles, the rate of node mortality was greatly lowered, and the network's lifespan was 

significantly increased. 

 

 

 
 

Figure 3. Dead nodes number versus round numbers 

 

 

This simulation compares the proposed DCLP protocol's network lifetime to that of various current 

protocols. Figure 3 depicts the dead nodes amount vs round numbers within WSNs. For DCLP protocols, 

nodes begin to die after 1,800, 1,900, and 2,500 rounds, accordingly. The nodes in the proposed DCLP, on 

the other hand, do not begin to die until 2,750 rounds. Furthermore, the DCLP protocol uses 3,400 rounds so 

that all nodes are dying, whereas for LEACH only 2,500 rounds. According to the findings, the DCLP 

increases network longevity by around 20% when compared to the other protocols. 

 

4.2.  Energy saving 

Following the simulation round, Figure 4 shows total nodes number that are still active or alive. In 

comparison to its competitors, the DCLP extends the network lifetime. DCLP uses the least amount of 

energy, as can be shown. The LEACH protocol had an average lifetime of roughly 1,000 rounds, whereas the 

DEEC protocol had an average longevity of around 1,400 rounds. When comparing DEEC and DCLP, the 

average longevity was practically identical. This is due to the fact that DEEC employs a similar method that 

ignores leftover energy. As a result, by delaying the cluster process, the novel strategy of CH rotating job 

inside the cluster can be more energy saving. 

Figure 4 depicts the variation in the number of active nodes for various protocols. DCLP clearly 

made an energy balancing usage across best clusters, but for other protocols, LEACH achieves poorly due to 

its CHs spinning randomly. DCLP uses an ideal cluster size approach to determine cluster size and picks CHs 

through evolutionary inter-clustering. As a result, it has a greater energy efficiency. 

 

 

 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Developed cluster-based load-balanced protocol for wireless sensor networks … (Mohanad Sameer Jabbar) 

203 

 
 

Figure 4. Live sensor numbers vs round numbers 

 

 

4.3.  Cluster heads number comparison 

The CHs numbers vs the round numbers is depicted in Figure 5. After 1,000 rounds, maximum CHs 

numbers are reached, and after 3,150 rounds, CHs numbers became zero. While, in DEEC, maximum CHs 

numbers occur after 650 rounds, and after 2,500 rounds, CHs number became zero. The CHs numbers had 

been discovered for DCLP is 2,800 rounds, compared to 2,500 rounds for DEEC, that related to the 

attributable improvement that considered there is no participation of closer nodes to BS in establishment of 

clustering. Because DCLP considers the energy modification parameters while the CH selection, it is evident 

that it extends the network lifetime compared to DEEC and LEACH. Furthermore, during the 4,000 

simulation rounds, the proposed DCLP protocol creates more CHs than others, reducing the consumed 

energy corresponding to WSN nodes. As a result, the suggested strategy is effective regards conserving 

energy besides prolonging the WSN's lifetime. 

 

 

 
 

Figure 5. CHs number versus rounds number 

 

 

The election CHs number every round is shown in Figure 5. In comparison to other routing 

protocols, the results suggest that LEACH has higher uncertainty. Because the criteria for randomized 

rotation of CHs are adjusted from LEACH, DEEC is somewhat superior in terms of CHs selection. 

 

4.2.  Setup messages overhead 

Figure 6 illustrates a worldwide comparison of messages number used in the setup phase at 1,000 

rounds for LEACH, DEEC, and DCLP. Due to the reduced re-cluster process, DCLP has the lowest rate of 

setup messages, resulting in less energy consumption and improved network performance. When compared 

to DEEC and LEACH, DCLP performs much better even though an increasing in nodes number. 
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Figure 6. Comparison of messages number used in the setup phase at 1,000 rounds 

 

 

In WSNs, energy consumption is a major problem. Despite the fact that clusters-based protocols are 

among the best energy-efficient, and nonetheless experience from wasting energy throughout the processing 

of clusters. In these protocols, there is mandatory to network for going to fresh determination procedure each 

round to load balance CH election. This interactive clustering method consumes a lot of energy and time, 

especially during the setup phase of each cycle. 

The same SNs numbers were put in the identical region. In comparison to previous LEACH, DEEC, 

and DCLP algorithms, the DCLP method used in this article may successfully extend the network's life cycle 

and considerably increase its stability. The network's data throughput was also boosted, and the sensor 

network's energy consumption was successfully reduced. The DCLP method could successfully enhance 

network stability and considerably boost data throughput even when varying SNs numbers could be placed 

within the equivalent cross-section of the network. 

Furthermore, decisions were made based on a variety of variables, as well as certain components 

that were taken into account when designing the WSN. In terms of technologies, several feasible options 

have been made that will assist designers in selecting the most appropriate technology, as well as prospective 

performance levels. A self-selected CH gathers data seen from cluster's SNs, calculates, then relays the nodes 

conclusion. Similarly, even when the identical SNs number were organized with various network’s cross-

sections, DCLP algorithm outperformed the other algorithms within WSN. This is because, by adopting 

clustering, SNs might logically be passing in the sleep state through an idle listening time, lowering SN 

energy consumption and effectively enhancing SN performance. 

The IoT is formerly having significant influence on people's lives. Its consisting of three parts: a 

sensing network, a transmitted network, in addition to an application network. With the sensing network, 

which makes up of wireless SNs, being the most essential. Its function is to detect, collect, analyze, and 

transmit data in the network's coverage area in a cooperative manner, sending the data to the users. As a 

result, the sensor network is critical to development and use IoTs. Because of the wireless sensor network's 

low cost, low consumed power, and fault tolerance when there is broking of some nodes, an entire network 

didn’t be disabled. 

 

 

5. CONCLUSION 

This paper presents DCLP, a proposed developing methodology that provides a novel inter-cluster 

strategy. DCLP have an CH election rotating inside the similar CM to decrease the number of iterative 

clustering procedures. In each cycle, the node with the most energy receives first preference to become a CH. 

This innovative method tries to increase the network's lifetime while maintaining QoS. However, imbalance 

in CH node allocations across the network might result in nodes dying prematurely. 

One of the most crucial challenges surrounding the usage of WSNs is energy efficiency. WSNs, are 

normally made up of huge SNs number which have been installed at random indoors or outdoors to monitor 

key parameters in their surroundings. Because the SNs are battery-powered, their power and processing 

capabilities are restricted, and they are subject to failure. When compared to existing routing protocols, 

cluster-based protocols can be thought as a best energy-efficient. The DCLP protocol's threshold incorporates 

four parameters: the nodes beginning energy, nodes residual energy, aggregating network energy, in addition 

to nodes regular energy. Furthermore, we assume that there is no participation of nodes closer to the BS in 

creation of cluster in order to save energy. Because sensor devices have a finite amount of energy, then the 
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greatest critical factor in any WSN protocol is the energy efficiency. However, security elements of routing 

protocols have received little attention for a long time. 
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