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Abstract: Researchers have been paying close attention to the wireless sensor (WSN) networks area because of its variety 

of applications, including industrial management, human detection, and health care management. In Wireless Sensor 

(WSN) Network, consumption of efficient energy is a challenging problem. Many clustering techniques were used for 
balancing the load of WSN network. In clustering, the cluster head (CH) is selected as a relay node with greater power 

which is compared with the nodes of non-CH. In the existing system, it uses LBC-COFL algorithm to reduce the energy 

consumption problem. To overcome this problem, the proposed system uses Quasi oppositional based Jaya load balancing 

strategy with cluster head (QOJ-LCH) selection protocol to boost the lifespan of network and energy consumption. The 

QOJ-LCH method improves the relay nodes life and shares the load on relay nodes equitably across the network to 

enhance the lifespan. It also reduces the load-balancing problems in Wireless Sensor networks. It uses two routing 

methods single-hop and multiple-hop. The proposed QOJ-LCH with cluster head selection method enhances the 

network’s lifespan, total amount of power utilization and the active sensor devices present in the Single-hop routing ,it 

worked with 1600 rounds in network and 300 sensor nodes, for Multiple-hop routing, it worked with 1800 rounds in 

network and 350 sensor nodes. It achieves better performance, scalability and reliability. 

 
Index Terms: Wireless Sensor Networks, Load Balancing, Energy Consumption, Cluster Head (CH), Active Nodes, and 

Relay Nodes, Quasi Oppositional, Jaya Load Balancing. 

 

 

1.  Introduction 

WSNs are the foremost highly developed area in numerous information assortment and communication applications. 

WSNs encompass small, controlled, battery homeward device nodes for watching the area. Sensor nodes are organized 

haphazardly otherwise physically within the objective area. It has a variety of components, as well as major ones 

resembling sensors, transceivers and batteries. The sensor nodes could have the Global Position System (GPS) so as to 
understand the precise position of the sensor node. WSN is loosely utilized in a spread of areas such as physical condition 

care, security detection and surveillance [1]. 

The sensor nodes gather surrounding data and transfer to the sink. The sink is an internet-connected join that receives 

information on occurrences in the target zone. It has limited communication capabilities, which are further constrained 

by the battery, resulting in nodes which cannot transmit data straight to the sink. As a result, effective power management 

of network devices is a critical WSN design factor. To get better network duration of WSNs, the idea of cluster-based 

WSN is realized by establishing different group of sensor nodes. The lifespan of network is described in the novel as the 
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total number of years that a network has been operational [2,3]. The WSNs are a set of small, self-aware, minimum energy 

based nodes that are dispersed across a specific area. These nodes gather the local available data at target region regularly. 

Also, nodes transfer information to mobile base station (MBS) [2]. A sensor node clustering is regarded to be an effective 

strategy for node energy conservation. This method completes the grouping of networks into clusters. The task of the CH 

is to receive data from sensor node called cluster member, data is gathered and transferred to MBS through link or CH 

[4]. 

In some instances, the network period is delineating in expressions of node survival, property and exposure [5-7]. 

Therefore, it varies the lifespan of WSNs supported by the appliance necessities and network topology groups. In cluster-

primarily adopted totally WSNs, groups which is planned to split sensor nodes into several set cluster incorporates CH 

inside the organization of nodes of the sensor for statistics series commencing its related sensor nodes. It collects statistics 
from the related sensor node, aggregate data and in the end communication statistics to the immediate sink or by different 

CH. Therefore, CH desires to perform extra load of the work than non-CH node within side of network [8]. 

The author [9-13] has planned power well-organized cluster procedure to improve the system period of WSNs. within 

the previous decade; algorithms which are inspired by naturally are used for varied problem at WSN. For example, Ant 

Colony algorithm[14] is employed for information gathering in WSN, Genetic algorithmic rule (GA-rule) [15] works in 

huge amount of observation application and honeybee based swarm intelligence techniques [16] helps to improve the 

competence of power. The predominant goal of those is the development of clusters within side the sensor network in a 

way this is dynamic, to deliver the power aid intake in the network that may lengthen the network’s lifespan. The proposed 

QOJ-LCH with cluster head (CH) method help to improve the enhanced load-balanced network and develop the WSN 

lifetime. The research helps to identify the solutions for: 

 
1. How Cluster head selection method resolves the load-balance problem? 

2. How the least lifespan relay node is enhanced? 

3. How do the routing methods use to improve the life span? 

 

In the existing method, [17,18] does not work using routers of single hop and multi-hop methods. It also does not 

provide reliability and energy consumption. The proposed Quasi oppositional based Jaya load balancing strategy with 

cluster head (QOJ-LCH) selection protocol to increase the network lifespan and energy consumption. The major 

contribution of this study is given: 

 

1. The QOJ-LCH clustering process with cluster head selection and fitness function reduces the balancing of load 

issues in Wireless Sensor Networks. 

2. Initial population is generated by using Quasi-oppositional (QO) population which helps to boost up the rate of 
convergence in QOJ-LCH. 

3. It enhances the lifespan of the WSN system and also improves the power consumption of WSN. 

 

The remaining section of our research article is written as given: The 2nd section consists of brief study of existing 

Wireless Sensor Networks, Cluster Head (CH) and Various Clustering methods. 3rd Section describes the working strategy 

of the proposed work. 4th Section evaluates the result and gives a comparison of different algorithms. To carry out the 

research work, the simulator (ns-2) is used for a wireless sensor network, which is a discrete event network simulator. 

Section 5conclusion of the research work. 

2.  Related Works 

Numerous researchers have studied energy-efficient problem using clustering algorithm [19] to increase WSN 

lifespan under constraint of less power of battery and communication details. This research looks at some of different 

strategies to have a better grasp of clustering protocols. In the subsections below, the heuristic as well as meta-heuristic 

strategies for solving the clustering issue are presented in depth. 

Heuristic algorithms: The most admired cluster-based routing protocol is Low Energy based Adaptive Clustering 

Hierarchy [20] – (LEACH). The CH range in LEACH is adopted on a set chance. The CHs in the network are dynamically 

selected by LEACH. For the next round, the CHs may be updated. Many researchers devised improved algorithms to 

address LEACH's shortcomings, including PEGAS [21], Hybrid Energy-Efficient Distributed [22], I-LEACH, E-LEACH 

[23,24] and others. PEGASIS has a large lifespan for network than LEACH, requires active topology manage and has a 

more delay in the data, making it unsuitable for extensive WSNs. The CHs are chosen by HEED based on the node amount 

and outstanding entropy. 
Usually, some WSN arranged arbitrarily with big amount of sensor node. In addition to routing, clustering protocol 

is all future for enhancing overall presentation of all those networks. The LEACH set of rules turned into proposing in 

[20]. This is a distinguished clustering set of rules wherein the sensor node picks out itself as a CH with fewer 

opportunities. The LEACH additionally offers a noteworthy stage of maintenance of electricity and prolongs the 

network’s instance. Though, a chief demerit of this set of rules is with the purpose of readily available probabilities of 

choosing a CH that has small electricity and may expire quickly. So, some of algorithms are advanced for enhancing the 
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LEACH protocol. In [25] has proposed the LEACH-E protocol this is much like the unique. 

In [26] have fostered a Genetic Algorithm based bunching concept in varied WSNs for further developing 

organization life expectancy. In this methodology, every chromosome addresses the network design or grouping 

arrangement. In [27] has carried out an improved PSO calculation for improving organization life expectancy of WSNs 

by thinking about broadcast detachment and power effectiveness, the transfer hubs be utilized for decreasing the 

abundance power use of CHs. In [28], scientists contain planned the Rearranged Complex Development (SCE) calculation 

for adjusting the heap of passages utilizing a clever wellness by concerning vigorously stacked passages. In [29], the 

creators have proposed a Worked on Rearranged Frag Jump Calculation (ISFLA) for adjusting the heap of the doors. The 

ISFLA insists the main heap of the passages to gauge the nature of the arrangement. 

Other research has looked into the load balancing problem in order to increase energy efficiency by managing 
network congestion and data redundancy. When multiple sensor nodes linked to the similar source send data at the 

identical occasion, the data received by the source becomes clogged or fails, resulting in the reception of delay sensitive 

data. To overcome the problem of data reception delay and reduce network power consumption, load balancing techniques 

are used [30, 31]. WSN networks benefit from cluster routing protocols because they reduce power consumption and 

improve energy efficiency. This categorization of routing protocols yields four basic categories: a traditional, 

metaheuristic, and fuzzy and hybrid algorithms. 

In WSN, the power utilization is the big problem. In the existing system uses traditional clustering algorithm [32, 

33]. It does not work with single and multi-hop Wireless sensor networks; therefore, it provides reliability and energy 

consumption problem. In [33] proposed an Adjacent Exponentially Distributed Route Maintenance mechanism technique 

to improve the energy consumption by consider the power and distance during route selection in its calculations. In [34] 

proposed a Statistical Markov Model Based Natural Inspired Glowworm Multi-Objective Optimization (SMM-NIGMO) 
Technique is used to maximize throughput as well as helps to slow down the energy consumption for efficient data 

transmission in MANET. To overcome this problem, the proposed system, QOJ-LCH with cluster head (CH) selection 

algorithm is used. It improves the lifespan and memory utilization of the network. 

3.  Proposed Methodologies 

In WSN, consumption of power/energy is the major challenge. Many clustering techniques were used for balancing 

the load of WSN network. In clustering, the CH is selected as relay node with higher energy compared with the nodes of 

non-CH. In the existing system, it uses LBC-COFL algorithm to reduce the energy consumption problem. To overcome 

this problem, the proposed system uses Quasi oppositional based Jaya load balancing strategy (QOJ-LCH) with cluster 

head selection protocol to develop the network’s lifespan and energy consumption. The architecture of QOJ-LCH with 
cluster head (CH) selection is show in figure 1. 

 

 

Fig.1. Architecture of QOJ-LCH with Cluster Head Selection. 

Figure 1 show architecture process of QOJ-LCH with selection of cluster head. Initially the node of cluster head is 

collected from the WSN, and then the algorithm is applied; it provides the optimal solution. It consists of Energy model, 
System model and Mathematical Model. 
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3.1.  Energy Model 

This model similar to energy model in the communication channel. It consists of two channels that are free space 

and multi-path. The transmitter and receiver used by energy model are represented by DE as in (1) - (3) [18]. The threshold 

value is represented as Dh0 and then the free-space and multi-path channel is selected. 

 

𝐸𝑁𝑡𝑥(𝑘𝑏 , 𝐷𝐸) = {
𝐾𝑏 ∗ 𝐸𝑁𝑒𝑙𝑒𝑐 +  𝐾𝑏 ∗ 𝜖𝐹𝑆 ∗ 𝐷2, 𝐷𝐸 < 𝐷ℎ0

𝐾𝑏 ∗ 𝐸𝑁𝑒𝑙𝑒𝑐 +  𝐾𝑏 ∗ 𝜖𝑀𝑃 ∗ 𝐷4, 𝐷𝐸 ≥ 𝐷ℎ0

                                                (1) 

 

where ENelec is represented as the amount of usage consumed by the electric circuit, 𝜖𝐹𝑆and 𝜖𝑀𝑃is denoted as energy taken 

by transmitters is spacious and multi-path channel. 

 

𝐸𝑁𝑟𝑥(𝐾𝑏) = 𝑘𝑏 ∗ 𝐸𝑁𝑒𝑙𝑒𝑐                                                                        (2) 

 

𝐷0 = √
𝜖𝐹𝑆

𝜖𝑀𝑃
                                                                                     (3) 

 

D0 denotes the threshold value Kb is a data bit is used above the distance of D. 

3.2.  System Model 

The system model has the subsequent important premise regarding the WSNs are thought-about within the model of 

network. 

 

1. Target regions are randomly generated it also contains relay nodes, sensor nodes and sink nodes. 

2. The setup is static while giving sensor, relay and sink nodes to the system. 
3. For energy consumption, the proposed work uses Euclidean distance among the nodes and the energy model is 

used for measuring the node’s energy utilization. 

4. The sensor node detects the accurate place of the nodes which is already known and also the sensor node 

intellect the event within its range. 

5. The initial stage of node batteries in the networks is heterogeneous. 

6. The sink node battery is countless, when it is in initial quantity. 

3.3.  Mathematical Model of Proposed Work 

To find the solution for balancing the load issues and also improves the network’s lifetime is the major intention. To 

develop the network’s lifetime, the appropriate power of nodes should be used. The entire instance until the initial relay 

node dissipates its entire power is used to characterize network longevity in this study. As a result, non-CHs load can be 

dispersed evenly across the network, the network lifespan can be enhanced. Now, the load balancing difficulty is the main 

reason for cluster-based WSNs is shown below, together with parameters to measure the created clustered system. The 
goal of the study is to discover the best way to allocate each node of sensor to precisely one relay node. There are Mr 

relay nodes and Ns sensor nodes in the system. The sensor node to the relay node is assigned and then it is given to the 

network by the matrix AsNM.as in (4). 

 

𝐴𝑠𝑁𝑀 = (

𝛼11𝛼12 ⋯ 𝛼1𝑀𝑟

⋮ ⋱ ⋮
𝛼𝑁1𝛼𝑁2 ⋯ 𝛼𝑁𝑠𝑀𝑟

)                                                                       (4) 

 

Here, αXY is defined as Boolean variable, it represents whether the communication link is present or not between the 

node of sensor SX and the node of relay RY. If αXY=1 it denotes that the sensor node SX is selected to the relay node RY; or 

else αXY=0. 

 

𝛼𝑋𝑌 = {
1, 𝑖𝑓 𝑠𝑒𝑛𝑠𝑜𝑟 𝑛𝑜𝑑𝑒 𝑆𝑋  𝑖𝑠 𝑎𝑙𝑙𝑜𝑡𝑒𝑑 𝑡𝑜 𝑟𝑒𝑙𝑎𝑦 𝑛𝑜𝑑𝑒 𝑅𝑌

∀𝑋,𝑌 : 1 ≤ 𝑋 ≤ 𝑁, 1 ≤ 𝑌 ≤ 𝑀.

0, 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

                                            (5) 

 

 

The proposed work is given below: 

 

• Increase the value of the minimum lifetime relay node amongst the network's relay nodes. 

 

Increase: LMIN 
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• LMIN is represented as minimum lifetime value of the relay node i is determined as network. 

 

LMIN= MIN {Lifespan (Ri)|∀𝑖: 1 ≤ 𝑖 ≤ 𝑀} 

 

• Entropy (h) is reduced and the value is given to the load. 

 

Increase: Entropy (h) 

3.4.  Quasi-oppositional Based Jaya Algorithm 

It is easily implemented and there is no require for algorithmic parameters. The size of the initial population IS, are 
randomly generated with upper and lower limits. The original population of the decision variables of QO-Jaya is given 

below as in (6)-(9): 

 

𝑄4(𝑇, 𝐼, 𝐽) = 𝑟𝑎𝑛𝑑 (𝑋, 𝑌)                                                                        (6) 

 

𝑋 =
𝑄𝐼

𝑙𝑜𝑤𝑒𝑟+𝑄𝐼
𝑢𝑝𝑝𝑒𝑟

2
                                                                               (7) 

 

 

T represents the current iteration number; I denote the size of variable and J represents the amount of the population. 

 

𝑄(𝑇 + 1, 𝐼, 𝐽) = 𝑄(𝑇, 𝐼, 𝐽) + 𝑅 (𝑇, 𝐼, 𝐽) (𝑄 (𝑇, 𝐼, 𝑏𝑒𝑠𝑡) − |𝑄(𝑇, 𝐼, 𝐽)|) − 𝑅(𝑇, 𝐼, 2) (𝑄 (𝑇, 𝐼, 𝑤𝑜𝑟𝑠𝑡) − |𝑄(𝑇, 𝐼, 𝐽)|)  (8) 

 

The candidates are selected by best and worst case ad it is denoted by S. The randomly produced numbers are R (T, 

I, 1) and R (T, I, 2). The process will continue until it reaches the conditions. 

3.5.  Proposed QOJ-LCH with Cluster Head (CH) Selection 

In the existing systems, (31, 32) there is an issue in getting better of the lifespan and power utilization of the network. 

To overcome the issues, the proposed method QOJ-LCH with CH selection protocol works with fitness value, helps to 

improve the lifespan of the network. Figure 2 shows the in general workflow of the proposed system. It contains two 

steps. Bootstrapping is the primary step; the clusters are formed in the second step. 

A.  QOJ-LCH Algorithm 

In advance, population’s candidate solution is precise. In load-balancing problem, every candidate solution gives an 

absolute solution to the network. Initially the population size S, dimension D and the number of iterations is initialized. 

Then the Initial size of the random population S is generated. By using equation 5 Quasi-opposite populations is created. 

The fitness value and the cluster head (CH) selections are generated by the equation 12 and 14. From the 2S population, 

the best candidate solution is selected by fitness value. Then it is store best and worst candidate solutions in S and the 

solution is updated in the equation 8. In case it met the stopping condition, the best nodes are selected from cluster head 
(CH) along the population. Once the cluster head is selected, then the node is chosen to the CH based on their space 

between the Sensor nodes and cluster head. If the value of the fitness is improved, it replaces with the previous solution. 

If the answer is not better, the earlier solution is maintained. When the maximum iterations get reached, the optimal 

candidate solution is stored. Otherwise, it again follows the equation 5 and starts the iteration process until reaches the 

optimal solution. 

B.  Generation of Random Population 

Initially, it generates a size of the populations S with random candidate solutions. The random candidate solutions 

are given below. Where D represents the dimensions of the candidate solution. 

 

𝐶𝑠𝑗 = {𝑝𝑗1,𝑝𝑗2, 𝑝𝑗3 … … … … … . . 𝑝𝑗𝐷}, 𝑗 =  {1,2,3, … … . . 𝑆}                                           (9) 

 

where Csj is the candidate result and pj1 is the initial part of the candidate solution. In this stage, there is s dimension D 

for each candidate solution population with random solutions. The mapping process of a node of sensor to the node of 

relay is given as in (10). 

 

𝑅𝑘 = 𝑀𝑎𝑝 (𝑐𝑜𝑚 (𝑆𝐷), 𝑁)                                                                        (10) 

 

where, com (SD) denotes, set of relay nodes inside the range of the sensor node in communication is SD. Where Map (com 

(SD), N) is the mapping function.
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C.  Cluster Head (CH) Selection with Fitness Value Evaluation 

The performance of the candidate result is determined by the fitness rate and cluster head (CH) selection. To assess 

the individual candidate, the fitness function is developed. It helps to minimize the load balancing problems in the 

proposed work. For several activities, the relay node takes energy such as from connected sensor nodes, the data is 

collected, data is moved to the sink, with the help of relay nodes or it directly transmits. For cluster head selection the 

following equation is given below (11): 

 

𝐹1 = ∑
1

𝐿𝑗
(∑ 𝑑𝑖𝑠𝑡 (𝑆𝑗 , 𝑐ℎ𝐾)

𝐿𝑗

𝑗=1
)                                               𝑀

𝐾−1                     (11) 

 

𝐹3 =
1

𝑀
∑ 𝑑𝑖𝑠𝑡(𝑐ℎ𝑗,𝑏𝑠)𝑀

𝑗=1

𝑁
                                                                          (12) 

 

where, F1 represents the cluster heads, intra cluster distance ad L1 represents the nodes belonging to the chk. F3 denotes 

the average sink ratio for the total nodes in the network. There are some objectives used for the calculation of fitness 

function. The objectives are given below 

 

𝐹𝑖𝑡𝑛𝑒𝑠𝑠  (𝐹) = 𝑤1 ∗ 𝐹1 + 𝑤2 ∗ 𝐹2                                                              (13) 
 

𝐹 = 𝑤1 ∗ (
𝑙𝑚𝑖𝑛

𝑎+𝑙𝑚𝑖𝑛
) +  (1 − 𝑤1) ∗ (− ∑ 𝑃𝑖𝑙𝑜𝑔𝑀 (𝑃𝑖 )𝑀

𝑖=1 )                                              (14) 

 

Here w1 and w2 are fitness functions weight. Pi is the probability value of ith relay node in the network. 

4.  Algorithm 1 Pseudo-code of QOJ-LCH with CH Selection 

Algorithm 1 Pseudo-Code Of Qoj-Lch With Ch Selection 

Input: SN, RM, com(si), S, TMAX 

Output: Assigning C: SN→ RM 

begin 

\\   Generation of random population\\ 

for candidate solution j=1 to S do 

for dimension i=1 to D do 

randomly positions are initialized. 

end for 

end for 

\\Generation of Quasi opposite population\\ 

for candidate solution j=1 to S do 

for dimension i=1 to D do 

QO is generated by using              (5) 

end for 

end for 

\\ Cluster head selection with fitness value \\ 

Cluster head selection is verified by using         (10) 

Fitness value is evaluated by using                     (12) 

Choose the candidate solution S among the QO population 

Best and worst solutions are stored 

\\Updating the position \\ 

for candidate solution j=1 to S do 

for dimension i=1 to D do 

candidate solution is updated by using         (5) 

end for 

fitness function of the candidate solution is calculated by using   (12) 

end for 

if  F(present)> F(prior) then 

newly generated position values are restored. 

else 

Previous position values are continued. 

end if 

end for 

if the criteria is met then 

stop 

else 

repeat the step 3 

end if 

Algorithm 1 shows the QOJ-LSB with cluster head selection process.
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Fig.2. Overall workflow of QOJ-LCH with CH selection. 

5.  Result Evaluation 

The evaluation result of the proposed Quasi oppositional based Jaya load balancing strategy (QOJ-LCH) with cluster 

head (CH) selection protocol method uses many comparative parameter metrics such as active sensor nodes, network 
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energy consumption, lifespan of the network, lifetime of relay nodes in each circle. It works in 2 different phases, single 

–hop and multiple-hop. The clustering approach is significantly important in this research work because the main concern 

is to extend the battery life and network lifetime of the individual sensor as well as ensure the utilization of energy is one 

of the main characteristics when compared to the non-clustering algorithms. The proposed method decreases the power 

consumption and improves the lifespan of the network. To carry out the research work, the simulator (ns-2) is used for a 

wireless sensor network, which is a discrete event network simulator. 

5.1.  Evaluation of Single-hop Routing 

This segment illustrates the Quasi oppositional based Jaya load balancing strategy (QOJ-LCH) with cluster head 

(CH) selection protocol, when the relay nodes transmit data straight forwardly to the sink. The main anxiety is to permit 

the sensor nodes on the transfer nodes to decrease the highest power utilization of the transfer nodes. It works with 15 
and 20 relay nodes. 

 

 
Fig.3. Network lifespan for Single-hop. 

Figure 3, shows the proposed QOJ-LCH with CH selection improves the lifespan in Single-hop routing. It worked 

with 1600 rounds in network and 300 sensor nodes. It achieves better performance compared with the existing algorithms 

such as QOJ-LCH [30], COFL-LBCM [17]. The result revealed that the network lifespan for single-hop of QOJ-LBS 

with CH is 3.70% and 7.41% higher than the QOJ-LBS and COFL-LBCM for 300 sensor nodes. 

5.2.  Evaluation of Multiple- hop Routing 

The evaluation of multiple-hop uses the Quasi oppositional based Jaya load balancing strategy (QOJ-LCH) with 

cluster head selection protocol, thus the relay node broadcast the information straight to the sink node. The main anxiety 

is to authorize the sensor node on the transfer node to decrease the greatest power utilization of the transfer node. It works 

with 15 and 20 relay nodes. It improves the lifespan of the networks. Each round it calculates the sensor node presents 

actively at networks. 

Figure 4, shows the proposed QOJ-LCH with CH selection improves the lifespan in Multiple-hop routing. It worked 
with 1800 rounds in network and 350 sensor nodes. It achieves better performance compared with the existing algorithms 

such as QOJ-LCH, COFL-LBCM. Also compared with single-hop routing, the multi-hop routing achieves more lifespan 

of the network. It is found that the network lifespan for multiple -hop of QOJ-LBS with CH increases by 12.42% and 

14.18% at 300 sensor nodes when compared to the QOJ-LBS and COFL-LBCM respectively. 

5.3.  Evaluation Based on Energy Consumption 

The network nodes energy consumption is improved in all of the methods because the wide variety of turns improved. 

The end result suggests the strength intake of the QOJ-LCH with CH techniques is decrease than that of the diverse 

techniques. The proposed set of rules has decrease strength intake. Figure 5 shows that the proposed QOJ-LCH with CH 

selection algorithm consume 95.75% of energy in 4000 rounds; therefore, it has less energy consumption, compared with 

other algorithms. It is observed that the energy consumption of QOJ-LBS with CH is higher by 10.52 % and 11.8 % at 

a4000 rounds when compared to the COFL-LBCM and QOJ-LBS respectively. 
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Fig.4. Network lifespan for Multiple-hop. 

5.4.  Standard Deviation of the Relay Nodes 

The standard deviation of the relay node is determined by changing the amount of sensor nodes from 200 to 1000. 

The amount of relay nodes is fixed during the test, which are 10 in this case. Figure 6 show that the proposed system has 

increased standard deviation of load with sensors and relay nodes. The proposed method has more scalability and also 

has linear increase in the relay nodes. It is observed that the standard deviation of QOJ-LBS with CH is higher by 31.57 % 
and 46.15 % at 1000 relay nodes when compared to the COFL-LBCM and QOJ-LBS respectively. 
 

 

Fig.5. Energy Consumption. 

5.5.  ROC Curve 

ROC is a graph which is used for showing the classification performance. It has two parameters True Positive Rate 

and False Positive Rate. 

A.  True Positive Rate (TPR) 

It is also known as sensitivity, thus TPR is calculated by the probability of actual positive relay nodes using: 
 

𝑇𝑅𝑃 = 1 − 𝐹𝑁𝑅                                                                          (15) 
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Fig.6. Standard Deviation. 

B.  False Positive Rate (FPR) 

It is used to evaluate the ratio between correctly identified numbers of relay nodes to wrongly identified relay nodes 

using: 

 

𝐹𝑃𝑅 = 1 − 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑡𝑦                                                                           (16) 

 

 

Fig.7. Load Balancing WSN ROC Curve. 

Figure 7 shows the ROC curve of WSN, the correctly classified relay nodes and the false positive rate of the relay 

nodes in the WSN network. ROC curve is a graph plot between the X-axis (false positive rate) and the Y axis (true 

positive rate). It is very helpful to classify the positive cases and negative cases exactly. It is (0, 1) because the false 

positive rate is 0 (none), and the true positive rate is 1(all). 

6.  Conclusions 

The proposed system uses Quasi oppositional based Jaya load balancing strategy (QOJ-LCH) with cluster head 

selection protocol to increase the network lifespan and energy consumption. The QOJ-LCH method improves the 

minimum lifetime relay node and shares the load on relay nodes equitably across the network to enhance the lifespan. It 

also reduces the load-balancing problems in Wireless Sensor networks. It uses two routing methods single-hop and 

multiple-hop. It works with fitness function and gives the best and worst candidate population over the network. The head 

selection at cluster helps to improve the lifespan of the network. The proposed QOJ-LCH with CH selection method 

enhances the lifespan of the network, total energy consumption, the standard deviation of the relay node and the entire 

amount of active sensor nodes present in the WSN. The result revealed that the network lifespan for single-hop of QOJ-

LBS with CH is 3.70% and 7.41% higher than the QOJ-LBS and COFL-LBCM for 300 sensor nodes. It is found that the 
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network lifespan for multiple -hop of QOJ-LBS with CH increases by 12.42% and 14.18% at 300 sensor nodes when 

compared to the QOJ-LBS and COFL-LBCM respectively. It is observed that the energy consumption of QOJ-LBS with 

CH is higher by 10.52 % and 11.8 % at 4000 rounds when compared to the COFL-LBCM and QOJ-LBS respectively. It 

is observed that the standard deviation of QOJ-LBS with CH is higher by 31.57 % and 46.15 % at 1000 relay nodes when 

compared to the COFL-LBCM and QOJ-LBS respectively. 

In future, for efficient load-balancing in WSN, several clustering algorithms with machine learning and neural 

networks will be used. Also, for improving the energy consumption, several protocols will used. 

References 

[1] M. Kongara, V. Kuppili and D. Edla, "Energy-Efficient Load Balancing Strategy for Wireless Sensor Networks using Quasi-
oppositional based Jaya Optimization", Wireless Personal Communications, vol. 118, no. 4, pp. 2319-2343, 2021. 

[2] I.Dietrich and F. Dressler, "On the lifetime of wireless sensor networks", ACM Transactions on Sensor Networks, vol. 5, no. 1, 
pp. 1-39, 2009. 

[3] H. Yetgin, K. Cheung, M. El‐Hajjar and L. Hanzo, "Cross‐layer network lifetime optimisation considering transmit and signal 
processing power in wireless sensor networks" IET Wireless Sensor Systems, vol. 4, no. 4, pp. 176-182, 2014. 

[4] N.Malisetti and V. Pamula, "Performance of Quasi Oppositional Butterfly Optimization Algorithm for Cluster Head Selection in 
WSNs", Procedia Computer Science, vol. 171, pp. 1953-1960, 2020. 

[5] W. Liu, K. Lu, J. Wang, G. Xing and L. Huang, "Performance Analysis of Wireless Sensor Networks With Mobile Sinks", IEEE 

Transactions on Vehicular Technology, vol. 61, no. 6, pp. 2777-2788, 2012. 
[6] H. Yetgin, K. Cheung, M. El-Hajjar and L. Hanzo, "Network-Lifetime Maximization of Wireless Sensor Networks", IEEE Access, 

vol. 3, pp. 2191-2226, 2015. 
[7] H. Yetgin, K. Cheung, M. El-Hajjar and L. Hanzo, "A Survey of Network Lifetime Maximization Techniques in Wireless Sensor 

Networks", IEEE Communications Surveys & Tutorials, vol. 19, no. 2, pp. 828-854, 2017. 
[8] O.Boyinbode, H. Le and M. Takizawa, "A survey on clustering algorithms for wireless sensor networks", International Journal 

of Space-Based and Situated Computing, vol. 1, no. 23, p. 130, 2011. 
[9] Bandyopadhyay, S., & Coyle, E. J. “An energy efficient hierarchical clustering algorithm for wireless sensor networks”, In IEEE 

twenty-second annual joint conference of the IEEE computer and communications societies (INFOCOM), Vol. 3, pp. 1713–
1723,2003. 

[10] C.Low, C. Fang, J. M.Ng, and Y.Ang, "Efficient Load-Balanced Clustering Algorithms for wireless sensor networks", Computer 
Communications, vol. 31, no. 4, pp. 750-759, 2008. 

[11] Kuila, P., & Jana, P. K. “Improved load balanced clustering algorithm for wireless sensor networks”, In International conference 
on advanced computing, networking and security, pp.399–404, 2011. 

[12] P. Kuila and P. Jana, "A novel differential evolution based clustering algorithm for wireless sensor networks", Applied Soft 
Computing, vol. 25, pp. 414-425, 2014. 

[13] X. Liu and P. Zhang, "Data Drainage: A Novel Load Balancing Strategy for Wireless Sensor Networks", IEEE Communications 
Letters, vol. 22, no. 1, pp. 125-128, 2018. 

[14] W.Liao, Y. Kao and C. Fan, "Data aggregation in wireless sensor networks using ant colony algorithm", Journal of Network and 
Computer Applications, vol. 31, no. 4, pp. 387-401, 2008. 

[15] Chih-Chung Lai, Chuan-Kang Ting and Ren-Song Ko, "An effective genetic algorithm to improve wireless sensor network 
lifetime for large-scale surveillance applications", IEEE Congress on Evolutionary Computation, 2007, pp. 3531-3538. 

[16] A.Ari, B. Yenke, N. Labraoui, I. Damakoa and A. Gueroui, "A power efficient cluster-based routing algorithm for wireless sensor 
networks: Honeybees swarm intelligence based approach", Journal of Network and Computer Applications, vol. 69, pp. 77-97, 

2016. 
[17] H.Ahmad, & N.Kohli, “LBCM: Energy-efficient clustering method in wireless sensor networks”, Engineering and Applied 

Science Research, 48(5), 529–536, (2021). 
[18] Kongara, M.C., Kuppili, V. & Edla, D.R. “Energy-Efficient Load Balancing Strategy for Wireless Sensor Networks using Quasi-

oppositional based Jaya Optimization”, Wireless Personal Communications, 118, 2319–2343 (2021). 
[19] C.Jiang, D.Yuan,Y.Zhao, “Towards clustering algorithms in wireless sensor networks: a survey”, Proceedings of the 2009 IEEE 

conference on Wireless Communications & Networking Conference, pp 2009–2014,April 2009. 
[20] W.R.Heinzelman, A. Chandrakasan and H. Balakrishnan, "Energy-efficient communication protocol for wireless microsensor 

networks," Proceedings of the 33rd Annual Hawaii International Conference on System Sciences, 2000, vol.2, pp. 10-11 

[21] S.Lindsey and C. S. Raghavendra, "PEGASIS: Power-efficient gathering in sensor information systems," Proceedings, IEEE 
Aerospace Conference, 2002, pp. 3-3. 

[22] O. Younis and S. Fahmy, "HEED: a hybrid, energy-efficient, distributed clustering approach for ad hoc sensor networks," in 
IEEE Transactions on Mobile Computing, vol. 3, no. 4, pp. 366-379, Oct.-Dec. 2004. 

[23] N.Kumar and J. Kaur, "Improved LEACH Protocol for Wireless Sensor Networks,"7th International Conference on Wireless 
Communications, Networking and Mobile Computing, 2011, pp. 1-5. 

[24] F. Xiangning and S. Yulin, "Improvement on LEACH Protocol of Wireless Sensor Network," International Conference on Sensor 
Technologies and Applications (SENSORCOMM 2007), 2007, pp. 260-264. 

[25] J. Xu, N. Jin, X. Lou, T. Peng, Q. Zhou and Y. Chen, "Improvement of LEACH protocol for WSN," 9th International Conference 
on Fuzzy Systems and Knowledge Discovery, 2012, pp. 2174-2177. 

[26] M. Elhoseny, X. Yuan, Z. Yu, C. Mao, H. K. El-Minir and A. M. Riad, "Balancing Energy Consumption in Heterogeneous 
Wireless Sensor Networks Using Genetic Algorithm," in IEEE Communications Letters, vol. 19, no. 12, pp. 2194-2197, Dec. 
2015. 

[27] Y. Zhou, N. Wang and W. Xiang, "Clustering Hierarchy Protocol in Wireless Sensor Networks Using an Improved PSO 
Algorithm," in IEEE Access, vol. 5, pp. 2241-2253, 2017.



Efficient Load Balancing in WSN Using Quasi –oppositional Based Jaya Optimization with Cluster Head Selection 

96                                                                                                                                                                       Volume 15 (2023), Issue 2 

[28] D. Edla, A. Lipare and R. Cheruku, "Shuffled Complex Evolution Approach for Load Balancing of Gateways in Wireless Sensor 

Networks", Wireless Personal Communications, vol. 98, no. 4, pp. 3455-3476, 2017. 
[29] D. R. Edla, A. Lipare, R. Cheruku and V. Kuppili, "An Efficient Load Balancing of Gateways Using Improved Shuffled Frog 

Leaping Algorithm and Novel Fitness Function for WSNs," in IEEE Sensors Journal, vol. 17, no. 20, pp. 6724-6733, 15 Oct.15, 
2017. 

[30] H. El Alami and A. Najid, "ECH: An Enhanced Clustering Hierarchy Approach to Maximize Lifetime of Wireless Sensor 
Networks," in IEEE Access, vol. 7, pp. 107142-107153, 2019. 

[31] M. Adil et al., "An Efficient Load Balancing Scheme of Energy Gauge Nodes to Maximize the Lifespan of Constraint Oriented 
Networks," in IEEE Access, vol. 8, pp. 148510-148527, 2020. 

[32] A.Mohamed, W. Saber, I. Elnahry and A. E. Hassanien, "Coyote Optimization Based on a Fuzzy Logic Algorithm for Energy-
Efficiency in Wireless Sensor Networks, in IEEE Access, vol. 8, pp. 185816-185829, 2020. 

[33] P.Thiyagarajan1.,S.SenthilKumar,"Power efficient Memetic Optimized and Adjacent Exponentially Distributed Routing in 
Mobile Ad Hoc Networks", Computer Communications, Vol. 150, pp. 209-215, 15 January 2020. 

[34] P.Thiyagarajan1.,S.SenthilKumar,"Statistical Markov Model Based Natural Inspired Glowworm Swarm Multi-Objective 
Optimization for Energy Efficient Data Delivery in MANET", Information Technology and Control ,Vol.49(2):333-347, (2020). 

 

 

 

Authors’ Profiles 

 
Diwakaran S is working as an Associate Professor, Department of Electronics and Communication Engineering, 
at Kalasalingam Academy of Research and Education, Tamilnadu, India. He was awarded with Doctor of 
Philosophy in the year 2019. He completed his M-Tech (Communication system) in Crescent Engineering College 
Chennai in the year-2011 and MBA (General Management) in Anna University, Chennai in the year-2013. His 
research areas include wire-less networks, Network Security, Distributed Networks and Management studies. He 
had published more than 20 International Journals and presented papers in 12 International Conferences. He had 

published a book titled "Data Aware Energy Reduction Techniques for wireless sensor Networks", ISBN-
10:6202680024. 

 
 

Muthukkumar M.S is Teaching fellow, Department of Electronics and Communication Engineering, at University 
College of Engineering, Pattukkottai, Tamilnadu, India. He obtained his M.E degree in Communications systems 
from Thiagarajar College of Engineering, Anna University Chennai, in 2005.He received his B.E degree from the 
Mohamed sathak engineering college, Madurai kamaraj university, Tamilnadu, India in 2002. His main research 
interests include Wireless sensor Network, Network Security Models, Information security, and Cloud Computing. 

 
 
 

 
 
 
How to cite this paper: M. S. Muthukkumar, S. Diwakaran, "Efficient Load Balancing in WSN Using Quasi –oppositional Based Jaya 
Optimization with Cluster Head Selection", International Journal of Computer Network and Information Security(IJCNIS), Vol.15, 

No.2, pp.85-96, 2023. DOI:10.5815/ijcnis.2023.02.07 

 
 


