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Abstract: Due to the many applications of wireless sensor networks in 

various fields, the use of these networks has attracted much attention 

today. One of the most critical challenges of wireless sensor networks is 

the limited energy of the nodes, which has tried to manage energy 

consumption in these networks by using more accurate clustering. So 

far, many methods have been proposed to increase the accuracy of 

clustering, which reduces the energy consumption of nodes and thus 

increases network throughput. In this paper, we propose a method for 

clustering wireless sensor networks using the whale optimization 

algorithm, which results in increased throughput in these networks. 

Although much work has been done in this area in terms of energy, some 

do not have good throughput. Therefore, in this paper, a clustering 

method based on the whale optimization algorithm is proposed. Features 

of this algorithm include easy implementation, providing high- quality 

solutions, quick convergence, and the ability to escape from local 

minima. Also, in terms of clustering, in addition to paying attention to 

energy consumption, it has appropriate throughput. In the proposed 

method, the Euclidean distance is used to assign data to the cluster and 

determine the cluster centers by the whale optimization algorithm. In 

other words, concentrated clusters are created. Then, according to the 

two remaining energy parameters and the distance of the nodes to the 

centers of the cluster, two clusters are selected. To evaluate the research, 

we have used MATLAB software and compared the proposed method 

with one of the latest works. The results show an improvement in 

throughput and are comparable in terms of energy. 
 

Index Terms- Clustering, energy consumption, throughput, Wireless Sensor Networks, 

whale optimization algorithm 
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I. INTRODUCTION 

Smart environments, due to the recent evolution of wireless communication technologies, have 

witnessed the emergence of small-sized sensors that collect information such as temperature, pressure, 

humidity, water content, presence of gas and send it to the base station. In order to create more result 

coverage in space, several sensors are connected to each other and thus form a wireless sensor 

network [1]. Today, due to the many applications of wireless sensor networks in daily life and the 

ability to sense, calculate and communicate, these devices are of particular importance. One of the 

important applications of wireless sensor networks is environmental sensing and monitoring services, 

in parallel with which the Internet of Things is mentioned as an interconnector between devices 

connected to the Internet in the important process of measuring and monitoring the environment [2]. 

In recent times, IOT-based wireless systems have developed rapidly in various sectors. In these 

networks, physical devices, sensors and other objects communicate with each other without human 

intervention. Wireless sensor networks are a central component of IOT, and WSN nodes are usually 

small and battery-oriented machines, so energy compression techniques that lead to increasing 

network lifetime are very important in this field [3]. 

Internet of Things (IOT) as an intelligent technology connects everything anywhere and anytime 

Objects interact with other objects through Internet connection or communication tools and share their 

information with each other or with humans and provide a new service [4]. 

Wireless sensor networks are used due to their many applications in various fields such as 

agriculture, environmental monitoring, vehicle tracking, healthcare monitoring, smart buildings, 

security, and animal monitoring and tracking. In fact, due to the various applications mentioned, the 

lack of energy in the nodes is one of the most critical limitations of wireless sensor networks. Because 

it is impossible to recharge or replace the nodes in the sensor nodes. Therefore, providing an 

appropriate protocol that can save energy will increase the network's lifetime [5]. One of the strategies 

to extend the lifetime of the network is the use of the clustering approach, which, including the 

hierarchical architecture, can be useful in the lifetime and energy consumption of wireless sensor 

networks. In other words, in this architecture, clustering sensors have other advantages such as saving 

the power of sensor elements, increasing system adaptability and maintaining data transfer speed [6]. 

In hierarchical architecture, the network is divided into different sections called clusters. Each cluster 

consists of cluster members (CM) and a cluster head to collect data from cluster members and then 

send it to the base station. The benefits of the clustering approach can reduce the routing overhead of 

nodes, and eliminate additional information and thus reduce energy consumption due to reduced data 

transfer in nodes, increase network scalability, and protect bandwidth. In clustering strategy, selecting 

the appropriate cluster head is an NP-hard problem in this area. The whale optimization algorithm is 

effective in solving NP-hard problems [7]. 
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Also, the data space is entirely compatible with the problem-solving space in terms of geometry. 

Another reason for choosing this algorithm is the rotational contraction technique to solve the 

problem, which will cause optimization and speed of operation in a circular space. Also one of the 

useful features of the whale optimization algorithm for problem approaches is easy implementation, 

providing high- quality solutions, quick convergence, and the ability to escape from local minima. 

In this paper, the main focus is on selecting two clusters to reduce the pressure on a node to 

increase clustering accuracy and achieve the appropriate throughput in the network. An algorithm 

based on a whale optimization algorithm called WOA-O-leach is presented. The proposed algorithm 

helps to select the best cluster head by considering the residual energy of the nodes and the distance 

close to the center. 

The rest of the paper is organized as follows: Section 2 is about related work, and Section 3 

presents the whale optimization algorithm. The proposed method and performance evaluation are 

presented in Section 4 and in section 5, the simulation results are explained, and then in the last 

section, we will present the conclusion. 

 

II.  RELATED WORKS 

As mentioned before, wireless sensor networks have energy limitations. Also the direct transfer 

of data to the base station will quickly deplete the energy of nodes farther from the center of the 

network and thus lead to a significant reduction in the lifetime of these networks. Therefore, 

clustering is one of the critical solutions to achieve energy efficiency in wireless sensor networks, 

which is of particular importance in this area.  Many clustering algorithms have been proposed for 

these networks that we can refer to the heuristic and nature-inspired methods. 

A.  Heuristic methods 

The LEACH algorithm [8],[9] is a distributed hierarchical method for clustering wireless sensor 

networks. Considering that each cluster head combines all the data of the cluster sensors, this 

algorithm saves the amount of data sent to the base station and as a result energy consumption, but the 

random selection of the cluster head causes a lower efficiency than other algorithms. This algorithm 

has increased the lifetime of the network compared to previous protocols, and this is a distributed 

algorithm that does not need to have global information of the entire system. Among the 

disadvantages of this algorithm, it can be mentioned that it is a single hop to communicate with the 

sink, which makes LEACH unusable for large networks. Another disadvantage of this algorithm is the 

random selection of nodes as the cluster head without considering the distance or the current energy 

of the nodes or assuming the initial energy of the sensors to be the same, which reduces the efficiency, 

so all kinds of algorithms have been developed to strengthen the LEACH protocol. 
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DSBCA algorithm [10],[11] calculates the radius of the clusters based on the distance and 

distribution of nodes and then uses the connection density and residual energy of the nodes to form 

clusters, which in general can be said to pay attention to the random distribution of sensor nodes. The 

primary purpose of this algorithm is to create clusters with higher energy balance and prevent the 

formation of clusters with many nodes. Its main idea is to calculate the radius of the cluster based on 

the connection density and distance from the base station. The advantages of this algorithm include 

creating a stable and reasonable cluster structure and the possibility of using it for networks of 

different sizes. However, if the node distribution algorithm does not work well, it will lead to an 

unbalanced topological structure and some nodes will die due to excessive energy reduction. 

The M_LEACH algorithm [12] is an improved version of the LEACH algorithm in which they 

communicate in a multi-hop style instead of sending information directly to the base station. 

One of the most important reasons for creating the LEACH_C algorithm [13],[14] is the lack of 

attention to the number and placement of cluster heads in the LEACH method. In this algorithm, the 

task of determining the cluster head is the responsibility of the base station. In fact, due to the use of 

the center-based clustering algorithm, the cluster heads are scattered throughout the network 

environment, which will lead to the formation of better clusters. Although this algorithm has a better 

performance than the LEACH method, but to determine the geographical location of each sensor, they 

need hardware such as GPS, which is very expensive and consumes a lot of energy. So compared with 

LEACH, LEACH-C is more energy efficient, and the base station can form clusters with more energy 

efficiency, and there is no energy consumption among nodes during cluster formation. 

The O-LEACH algorithm [9] which is another improved version of the LEACH algorithm, is more 

stable due to the discrimination between nodes according to their initial energy. The main task of this 

algorithm is to reduce nodes that do not belong to any cluster (orphan nodes). In general, this 

algorithm creates better access to data in the base station due to the collection of different values by 

orphan nodes to make better decisions and faster responses, increasing the connection and reliability 

of sensor networks. It also offers better performance in terms of coverage, connection rate, energy, 

and scalability than the LEACH algorithm, which in turn increases lifetime and minimal energy 

consumption. 

B. Nature-Inspired Approaches 

In order to remove the limitations of the previously mentioned algorithms, meta-heuristic 

algorithms are used to achieve efficient cluster heads in this field. In this regard, we can refer to the 

particle swarm optimization algorithm [6],[15] , bee colony optimization [16],[17] , ant colony 

optimization [18],[19] , genetic [20],[21]  or fuzzy logic [22]  in clustering. In this field, multiple 

different  methods [23],[24] have been used to adjust the clustering parameters and to determine the 

efficient cluster heads. It should be noted that none of the meta-heuristic algorithms alone will 

perform better than other methods. For example, genetic methods reduce long-distance exchanges but 
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have high operating costs Or particle swarm optimization methods alone consider the distance 

between clusters as the ratio of the initial energy of all nodes to the current residual energy of the 

nodes and they cannot consider the distance to the sink while communication between the cluster head 

and the base station is important. Therefore, hybrid algorithms are the best option for selecting 

efficient cluster heads. The Whale Optimization Algorithm is a new evolutionary optimization 

algorithm that performs similarly to the PSO and GA algorithms and is useful for solving NP-hard 

problems. 

In this paper, a center-based clustering algorithm called WOA-O-leach is proposed to increase the 

performance of wireless sensor networks using the WOA algorithm. The proposed algorithm is 

designed so that the two cluster heads are selected based on the two residual energy and the minimum 

distance to the center of the cluster parameters, which will increase clustering accuracy and create 

more focused clusters, as well as increase network throughput. 

 

III.  WHALE OPTIMIZATION ALGORITHM 

The Whale Optimization Algorithm (WOA) [25],[26] is a nature-inspired and meta-heuristic 

algorithm that mimics the social behavior of humpback whales and was introduced in 2016 by 

Mirjalili et al. In general; humpback whales use a special mechanism for hunting called the bubble net 

attacking method. This behavior is done by placing special bubbles in a spiral shape. In fact, the 

whales create a wall of bubbles around the group of fish and all together attack the group of fish that 

is the answer to the problem and hunt them. In the other words, in this algorithm, hunting is similar to 

the optimization method, and the location of the prey is similar to the best solution. The search 

process in the WOA Algorithm consists of two exploitation stages and exploration. This algorithm is 

started by an accidental population of whales with random positions. In the first iteration, the search 

agent positions are updated by a random whale search agent with random positions. And from the 

second iteration onwards, these positions will be updated by the best solution ever. And if | A |> 1, the 

global search algorithm starts. In the following, we will examine the hunting behavior, which includes 

three stages of searching, Encircling, and attacking the prey. 

A.  Encircling prey 

Humpback whales detect the prey's location and then tighten their surroundings around the prey 

and consider it the best search agent. Then they update their position according to the best search 

factor, which is shown by the following equations. 

 

                              

(t+1) =  - .  

(1) 
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Where t indicates the current iteration,  and  are coefficient vectors, is the position vector, | | is 

the absolute value, and · is an element-by-element multiplication. X* is the position vector of the best 

solution ever obtained, which is updated after each iteration if there is a better solution. The vectors 

and are calculated as follows: 

                        (3) 

                          (4) 

Where  decreases linearly from 2 to 0 during iterations and  is a random vector between 0 and 1. 

B.  Bubble-net attacking method 

Humpback whales use two mechanisms for hunting prey, called shrinking encircling mechanism 

and Spiral updating position. To model this behavior, assumes that there is a probability of 50% to 

choose between these two mechanisms to update the position of whales during optimization with a 

random variable p that the variable p is a random number between 0 and 1. In the shrinking encircling 

mechanism, the value  is obtained from Formula 3. In other words,  is a random value in the 

interval [−a, a] where a, is decreased from 2 to 0 during repetitions. In the spiral updating position 

mechanism, a spiral equation is created between the distance of the whale at (X, Y) and the prey 

at , ) to mimic the spiral motion of the whales. In other words, humpback whales swim around 

the prey within a shrinking circle and along a spiral-shaped path. To model this behavior and assume 

a 50% probability of occurrence between the two mechanisms, the whale position update is as 

follows: 

 

 
 

C.  Search for prey 

In the exploration phase, the diversity of vector A is used to search for prey. In this step, we use  

to force the search agent to move far away from a reference whale. This vector has random values 

greater than one or less than one. In contrast to the exploitation phase, the position of a search agent is 

selected based on a random search agent and is updated instead of the best search agent ever found. 

This mechanism and | A | > 1 emphasize exploration and allow the WOA algorithm to perform a 

global search. The search mechanism is modeled by formulas 6 and 7: 

𝑋 (t+1)=𝑋𝑟𝑎𝑛𝑑
             - 𝐴    .𝐷    

 

𝐷   = 𝐶.     𝑋𝑟𝑎𝑛𝑑
             − 𝑋     

 

In this paper, the WOA algorithm is used for the cluster head selection process. 

(2) 

(5) 

(6) 

(7) 
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Fig. 1. Describtion of the phase of the proposed method. 

 

IV.  PROPOSED APPROACH 

In this paper, a center-based clustering algorithm called WOA-O-leach is proposed. This algorithm 

selects the clusters by considering the two parameters of residual energy and distance, which increases 

the accuracy of clustering and creates concentrated clusters. In this method, the first cluster head 

receives and aggregates the information from its cluster nodes and then sends this information to the 

second cluster head, and the second cluster head sends the information to the base station. This 

technique distributes the energy of cluster heads and prevents overuse of the nodes and Fig. 1 is given 

for a better understanding. In the following, different parts of the proposed algorithm such as network 

model and energy model and cluster head selection model are explained. 

 

 

Network model 

The network model in this research is Free space, which we will examine the following 

hypotheses: 

 The number of nodes is considered to be 100 and 300. 

 All sensor nodes are homogeneous and randomly placed in the environment. 

 The network environment is 100 x 100 square. 

 The base station is fixed and is located in two areas, the middle (50m * 50m) and the corner 

(99m * 99m) of the desired space. 

 Communication between nodes selected as cluster heads is done via TDMA and CDMA. 

 Considered multi-hop communication. 

 All nodes can be selected as cluster heads. 

 Data aggregation used. 

A.  Energy model 

In most of the implementations that have been done for the networks, most of the energy 

consumed in the network is for sending and receiving data.  Other consumed energies such as the 
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energies necessary to sense or process the received information are ignored, so the energy model is 

used. This article is also based on the reference model [13]. 

Equation 8 represents the communication energy and, as mentioned above, other energies are 

consumed. Also,  represents the communication energy,  represents the data transmission 

energy, and represents the reception energy. 

 =  

The amplifier energy is for Free-space and  for Multipath, depending on the transmitter 

amplifier model. Therefore, an energy loss model with  is used for a short distances and will be 

converted to for larger distances. Thus, the energy used to transmit K bits of data through the 

distance d is done by Formula 9. 

=  (k) +   

 

=       (10) 

 

The energy consumed to receive k bits of data is calculated from Formula 10. 

        (11) 

 

B.  Cluster head selection 

The proposed algorithm is based on a centrally controlled algorithm that is executed in the base 

station. First, all nodes send their information such as residual energy, location, ID to the base station. 

Then the base station randomly assigns nodes whose residual energy is more than 10% of the other 

node's remaining energy as a candidate to select the cluster center. Then run the WOA algorithm to 

achieve the minimum possible value of the fitness function to obtain the best cluster centers and then 

choose two cluster heads. In the WOA algorithm, nodes are assumed to search for cluster centers. In 

other words, one whale is considered for each fixed node in the network, and the initial population is 

the position of the cluster centers that were selected as candidates in terms of energy. (Positions are 

2D). Also,  or the best answer in the proposed method is the position of the best whale or in other 

words, the closest node to the center. To introduce the fitness function, we will first introduce the 

existing parameters: 

To determine the belonging of each node to each cluster center, it is necessary to consider the 

cluster centers ,  and the set of nodes ,  Thus the first dimension = 

(8) 

(9) 
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    and the second dimension is =  In this case, node  and the center of the cluster,  

calculate the distance from formula 12 [27]: 

 

=  

 

After obtaining ,…,  in the function, the minimization operation is performed by the following 

formula, and each node is assigned to the cluster that has the shortest distance to it. 

 

=Arg min ( )    

 

As a result, the performance of the fitness function is calculated by the following formula: 

 

Fitness =  

 

The whale optimization algorithm changes the clustered index using the best answers it obtains. It 

should be noted that the best answer to the problem is the answer that further reduces the cost 

function. 

After performing the above steps, the first cluster head and the second one are determined 

according to the two remaining energy parameters and the distance of the nodes to the center of the 

cluster. The first cluster head is obtained by the WOA algorithm, and the second cluster head is 

selected based on the Euclidean distance. The first cluster head receives and aggregates information 

from its cluster nodes and then sends this information to the second cluster head. The second cluster 

head is responsible for sending data to the base station. 

The flowchart of the whole process is given by Fig. 2. 

 

V. EXPERIMENTAL SETUP 

The proposed algorithm is simulated by MATLAB 2019b. To achieve more accurate results, 

experiments were performed on 20 different environments, and then we averaged the results. Also, the 

number of times the information was sent, or, in other words, the round number in this experiment is 

considered 3000. The simulation area of the network is 100m * 100m, and as mentioned before, we 

performed this experiment under two different scenarios. In other words, the experiment in two 

different positions of the base station at distances of 50m * 50m (first scenario) 99m * 99m (second 

scenario) and also with 100 and 300 nodes per scenario. It should be noted that this algorithm was  

(12) 

(13) 

(14) 
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Table 1: Simulation parameter settings. 

Value Parameters 

100m x 100m Simulation area 

0.5 J  Initial energy  

50m*50m  & 99m*99m Base station location 

100, 300 Number of nodes 

50x  Jules/bit Transmitter/Receiver Electronics 

0.0013x  Jules/bit/m  

Jules/bit/m  

6400 bit Packet length 

100 s Round length 

3000 Round number 

 

implemented 20 times, and the average of the obtained data was selected to draw the results. The 

parameters used to simulate the experiment are given in the table below. 

 

Fig. 2. Flowchart of the proposed method. 

 

 

 

 



Journal of Communication Engineering, Vol. 10, No. 1, January-June 2021                                                119 

 
VI.  RESULTS AND DISCUSSION 

So far, many methods have been proposed to increase the accuracy of clustering, which reduces 

the energy consumption of nodes and increases throughput. The work was done also indicates the 

importance of increasing the throughput in wireless sensor networks. Therefore, our research has been 

done to increase throughput in wireless sensor networks. We were also able to increase throughput in 

wireless sensor networks while maintaining power consumption. One of the last works [13] done for 

clustering wireless sensor networks was not accurate enough in clustering due to random selection of 

cluster heads and used the LEACH-based method [9] for clustering. In this method, the cluster head is 

randomly selected, which reduces the throughput of wireless sensor networks. But the advantage of 

the O-LEACH method, which discriminates between nodes according to their initial energy and 

causes more stability in wireless sensor networks, should not be ignored.  

In this research, more accurate clustering in wireless sensor networks led us to get the idea to use 

two cluster heads and to develop a WOA-based algorithm for setting clustering parameters. Because it 

performs clustering based on the residual energy of the nodes and the distance from the node to the 

center, and thus it increases the throughput of wireless sensor networks compared to previous 

examples. Therefore, we examined the advantages of the O-LEACH method, which was the same 

discrimination between nodes according to their initial energy, and decided that in addition to 

considering the residual energy of the nodes, we also consider the distance of the nodes to the center 

of the cluster to spend less energy for sending their information. Due to our attention to increasing the 

accuracy of clustering compared to previous methods, time execution increased in our method. It is 

suggested that in areas where time execution is important, other methods be substituted, or in future 

research, in addition to throughput, the issue of reducing time execution be examined. We named our 

proposed method WOA-O-LEACH. Each time in 20 different environments, we measured the amount 

of energy remaining, the number of dead nodes, and the number of packets received by the base 

station compared to the previous methods [9],[13]. 

In this section, we evaluate the proposed method (WOA-O-leach) and its parameters, including 

energy consumption [28], lifetime [29], and throughput [30]  in the first scenario (50m * 50m) and 

then, in the second scenario (99m * 99m): 

A.  Energy consumption 

Wireless sensor networks use techniques such as clustering, routing, duty cycle, data reduction, 

Data Prediction, Data acquisition and Data processing to reduce energy consumption. In these 

networks, a significant portion of the nodes' energy is spent transmitting data to the network center. 

Therefore, the energy used by the data from the source to the base station is the same as the energy 

consumed by the nodes [28]. In the following figure, the energy consumption forms of the proposed 

method with reference methods [9],[13] are presented under two scenarios. In Figs. 3 and 4, the  
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Fig. 3. Energy consumption in the first scenario. 

 

Fig. 4. Energy consumption in the second scenario. 

 

 

horizontal axis represents the nodes in the network, and the vertical axis represents the amount of 

energy that the nodes have used to send their packets to the base station. It should also be noted that 

the unit of measurement for this energy is the joule. The following is shown in Fig. 3, which is the 

same comparison diagram of the energy consumption of the methods in the first scenario. As can be 

seen, the proposed method in this scenario has grown in terms of throughput while maintaining 

energy consumption. 

A diagram of the energy consumption of the methods in the second scenario is shown in Fig. 4. It 

can be seen that the proposed method in this scenario has somewhat reduced energy consumption in  

the network or has grown in terms of throughput while maintaining energy consumption. 
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Fig. 5. Network lifetime in the first scenario. 

 

 
 Fig. 6. Network lifetime in the second scenario. 

 

 

A. Network Lifetime  

One of the main limitations of wireless sensor networks is that the sensors are not rechargeable, or 

in other words, the lifetime of the network is limited. The time to end energy of the first node from the 

beginning of the network indicates the lifetime of the network [29]; this parameter strongly depends 

on how energy is consumed in the nodes. In this section, Figs. 5 and 6 show the lifetime of the 
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proposed WOA-O-Leach method with reference methods [9],[13] in two scenarios. In these diagrams, 

the horizontal axis represents the number of dead nodes, and the vertical axis represents the round 

number in seconds. Fig. 5, which is the same diagram comparing the lifetime of the first scenario 

methods, is given. And as can be seen, the proposed method in this scenario has a lower number of 

dead nodes than other methods. 

Fig. 6 shows a lifetime comparison diagram in the second scenario. It can be suggested that in both 

scenarios, the number of dead nodes is less than other methods, and as a result, the lifetime of the 

network is somewhat increased. 

 

B.  Throughput 

Another major concern in wireless sensor networks is network throughput. Therefore, schemes to 

extend network lifetime or improve throughput are very useful in this area [30].Throughput indicates 

the ratio of data transfer information to the base station during the network run time. This is a function 

of the number of packets sent to the base station. Therefore, after recording the number of packets 

sent per node in different ways, they are converted to throughput by (15). 

 

 

 

In the following, Figs. 7 and 8 show the throughput of the proposed WOA-O-Leach method with 

reference methods [9],[13]  in two scenarios. In these diagrams, the horizontal axis represents the 

nodes in the network, and the vertical axis also shows the throughput of these nodes in bit/sec. Fig. 6, 

which is a comparison of the throughput in the first scenario, is also given. In the graph, the 

throughput is increased using WOA-O-Leach compared to Existing methods. 

Fig. 8 shows a throughput comparison graph in the second scenario. It can be deduced that the 

proposed method in the second scenario has also increased throughput. Therefore, it can be said that 

the proposed method works better in both scenarios than the other methods, and throughput is 

improved in both scenarios by about 5.5%, which indicates the usefulness of using the whale 

optimization algorithm in clustering network nodes. 

 

 

(15) 
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Fig. 7. Throughput in the first scenario. 

 

 
Fig. 8. Throughput in the second scenario. 

VII.  CONCLUSION 

In this paper, an energy-efficient clustering algorithm in IOT-based wireless sensor networks using 

the Whale Optimization (WOA) algorithm called WOA-O-Leach is presented, the primary purpose of   

increasing the throughput in the wireless sensor networks. The performance of the fitness function 
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saves energy as well as creates concentrated clusters by considering the residual energy and the 

minimum distance between the nodes and the center. Also, the usage of two cluster heads to collect 

data, aggregate data, and send them, has reduced the communication costs between the two clusters. 

Besides, the performance of the proposed method is evaluated against other previous protocols such 

as LEACH and O-LEACH, and the performance improvement of the proposed method in terms of 

energy consumption, lifetime, and throughput of the network is well shown. The results of our studies 

on the proposed method indicate that the two scenarios are not much different from each other; in 

other words, in both scenarios, we see a slight change in energy consumption and increase network 

lifetime, and in network throughput, we have increased by 5.5%. In order to simulate the research 

according to the dimensions of the network space, sensor nodes were randomly generated in space, 

and the desired idea was applied to them. Then all the values of the initial parameters for the research 

were determined. After implementing the WOA algorithm for clustering, this algorithm was able to 

improve the energy consumption and lifetime of the network and increase the throughput of the 

network. Given the many applications of wireless sensor networks, focusing on the most critical 

problem of these networks, namely energy limitation, can pave the way for practical applications of 

networks in all areas. We were able to increase the throughput by 5.5% in the proposed method using 

the WOA algorithm for more accurate clustering. However, in networks with many nodes, the 

complexity of the WOA-O-LEACH algorithm increases, so it is not recommended for networks with 

a large number of nodes. In future work, we can use other optimization algorithms or by changing the 

number of cluster heads and considering different parameters such as energy balance to examine the 

throughput of the network and take effective steps to increase the throughput of wireless sensor 

networks. 
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