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Abstract 

Wireless Sensor Networks (WSNs) have been used in many sectors in recent years. Easy 

deployment and low prices are the main reasons for using WSN. On the other hand, power 

source limitations and unstructured overlay networks are the major concerns in these kinds of 

networks. Region coverage is one of the problems that should be solved smartly in order to 

maximize the productivity of the network. Appropriate sensor selection and efficient energy 

usage are essential in region coverage. Pointwise coverage is a well-known version of the 

coverage problem. Since this is an NP-complete problem, many approaches have already been 

designed to solve it. The main shortcoming in previous works is the short network lifetime due 

to high energy consumption. In this paper, an enhanced method has been proposed based on 

the Cuckoo Optimization Algorithm (COA). By means of an adjusted version of the cuckoo 

search and a heuristic fitness function, it has been possible to expand the lifespan of the 

network. The proposed algorithm is composed of three phases: the first phase is setting up, the 

second phase is the selection, and the third phase is stable status. Simulation results show that 

the proposed method in comparison with recent works has achieved a sensible optimization in 

energy consumption, lifetime, and coverage quality.  

Keywords: Cuckoo Search, Wireless Sensor Network, Pointwise Coverage, Target 

Monitoring, Network Lifetime 

1. Introduction 

In recent years, the capabilities of Wireless Sensor Networks (WSN) in various fields, 

including military, medical services, environmental monitoring, and the high speed of sensors 

in processing and exchanging information with their neighbors, have attracted the attention of 

researchers [13, 10]. Due to the smallness and cheapness of the sensors, there are various 

limitations in equipment such as memory, battery, and processing power [18]. Also, due to the 

impossibility of recharging the battery in most cases, optimal energy consumption is considered 

one of the main challenges of sensor networks. Much research has been done to increase the 

lifetime of sensor networks. The results of this research, the presentation of different protocols 

and different algorithms aware of energy, in the fields of selecting monitoring sensors [22], 

maximizing cover categories [11], sensor timing [23], routing [24], data aggregation [25], 

clustering [26] and etc. has been. 
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The issue of coverage in sensor networks is one of the parameters of service quality and is one 

of the significant matters in network performance analysis. This describes how and with what 

quality the monitored area or targets are monitored [17, 9]. This is discussed in three models: 

1. Regional coverage, 

2. Border coverage, 

3. Point coverage. 

In general, the issue of coverage and selection of monitoring sensors is an NP-hard issue [1, 

2]. 

The application of point coverage, on which this paper focuses, is to monitor specific areas of 

the environment whose location is already known and called the target and should be kept 

under observation by at least one sensor node [1]. In point coverage, the issue of optimal 

selection of monitoring sensors in each phase with the aim of increasing network life is an 

important issue, and many studies have been conducted in this field [1, 6]. 

   The lifetime of a network covering a deployment sensor is said to be until all targets on the 

network are monitored by at least one node. Accidental placement of sensors in the 

environment causes the monitoring node density for the monitor to be insufficient for some 

purposes [8, 6]. Sensors are often exposed to harsh environmental conditions and may be 

subject to energy depletion or destructive attacks. 

Sensors are able to cover the target until their residual energy is greater than one threshold, and 

nodes whose residual energy is less than the threshold are excluded from the set of active nodes, 

and the remaining existing sensors must be able to cover the targets [8]. The selected cover 

nodes are sent to the main station after receiving the information and then provided to the end-

user [3]. To increase the lifetime, monitoring energy consumption must also be minimized. 

Other solutions that can be proposed to extend the existence of the network include scheduling 

the activity of nodes between sleep and active mode, topological control, energy-conscious 

routing, etc. [19, 6]. 

In general, sensors have four modes of data transmission, data reception, idle, and sleep [4, 3]. 

Nodes in sleep mode have the lowest energy consumption; therefore, when they need to send 

and monitor the environment, they switch from sleep mode to active mode with a schedule. 

This process continues until the first target is removed from the monitor. Transfer, receive, and 

idle modes can be categorized as active because they consume more energy than sleep mode. 

Nodes change their status to active mode only when they need to send, receive, or monitor the 

environment, and stay asleep in the rest of the situation [8]. There are three basic requirements 

for point coverage [10]:  

o For each target, it must be specified which sensors can be viewed. These sensors are 

called target monitor sensors. 

o In each period, for each target, a sensor is selected from among the monitoring 

sensors and is activated and assumes the task of monitoring the target during the 

period. 

o In the case of point coverage in all conditions, even in critical situations where the 

energy suddenly decreases, all targets must always be monitored by at least one 

monitoring sensor. 

 Different solutions are provided to solve the problem of point coverage. In order to use energy 

efficiently in the matter of point coverage, the following solutions are presented [3]. 

 Schedule node activities, 
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 Power control by calibrating the transmission range of wireless nodes, 

 Data collection, 

 Reduce data transfer and prevent useless activity. 

Various papers have tried to improve and enhance the quality of network energy efficiency by 

using different algorithms, as well as various functions for selecting a monitor sensor. 

One way to solve NP-hard problems is to use optimization methods. One of the most useful 

and effective solutions in optimization methods is the use of metaheuristic algorithms such as 

the Cuckoo Optimization Algorithm (COA) [20]. Here, a cuckoo-based algorithm scheduling 

mechanism is used to select active sensors [21]. The aim of this algorithm is to fully meet the 

required conditions in a point coverage network along with increasing the network lifetime. 

This paper provides an algorithm for selecting target monitoring sensors in each round. The 

purpose of the algorithm presented in this paper is to find the best candidate sensors to cover 

the targets using the COA. Depending on the characteristics of the candidate nodes around each 

target, the COA selects the optimal node in respect of remaining energy, distance, and the 

number of target targets as the active node. By optimizing the active nodes, energy 

consumption will be decreased, and the network life will be maximized.  
In the following, the structure of the paper is organized as follows: In Section 2, energy 

efficiency and coverage work are presented. The issue of point coverage is described in Section 

3. The proposed method and explanation of the algorithm are presented in Section 4. Sections 

5 and 6 show the simulation and conclusion results, respectively. 

2. Related Works 

In recent years, the issue of point coverage has been widely studied. The issue of coverage can 

be categorized in terms of various aspects: static or mobile (aims or nodes), symmetrical and 

asymmetric network, centralized or distributed network. 

In the case of stationary point coverage, all sensors are static and stationary after deployment 

and cannot be moved. In moving point coverage, some sensors have the ability to shift some 

of their energy to better coverage, maintain connectivity, and maintain service quality standards 

[17, 14]. 

 In symmetrical sensor networks, all sensors are similar and have the same ability to sense, 

process, and transmit sensed data. In asymmetric sensor networks, the sensors have different 

capabilities, and the sensors have different capabilities in terms of sensor radius, energy, CPU 

power, memory, etc., so that a sensor may have several sensor radii. Or the radial characteristics 

of the sensors are different from each other [19, 5]. In the distributed point coverage network, 

all coverage operations are performed locally and distributed [12]. 

In the case of k-coverage, each target must be precisely monitored and covered by the k-sensor 

from the set of cover sensors. The aim of this method is to minimize the number of active 

sensors in order to minimize energy consumption [1]. Presents a method for energy 

optimization in k-coverage in which Dijkstra's algorithm is utilized to discover the shortest 

path between interface nodes.  
Underwater sensor networks are one of the important emerging technologies. In [2], a 

combined approach is proposed that uses the Depth-first search (DFS) algorithm and the 

Genetic Algorithm (GA) to solve the problem of spot coverage of underwater sensor networks. 

The proposed algorithm uses the DFS algorithm to maintain the connection and energy 

consumption, and the GA is used to monitor the targets and optimally select the active nodes. 
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In [3], in order to increase the lifetime of the network, the nodes are divided into several cover 

sets so that the nodes in coverage are set to cover all the goals in the network. In this study, a 

method based on maximizing the number of cover sets is presented, and the nodes are 

categorized by linear programming and greedily in the cover sets. 

A new greedy exploration method that prioritizes energy-based monitoring sensors has been 

proposed in [4]. The results presented in the above paper show that the proposed algorithm 

performed better than previous methods. 

A method called Energy-Efficient Distributed Target Coverage Algorithm (EDTC) is presented 

in [5] that prioritizes target monitoring nodes. Each node is assigned a priority based on its 

sensory ability, node capability, including location, and the number of targets monitored, and 

the remaining energy.  
In [6], the Energy Efficient Data Gathering (EEDG) method for selecting sensor nodes is 

presented. The EEDG algorithm prioritizes each node based on the number of targets and the 

energy of the nodes. 

A technique has been presented for point coverage and connection preservation in [7]. The 

point coverage method provides a process for computing the waiting time that lessens the 

number of active sensors, which utilizes the Virtual Robust Spanning Tree (VRST) and 

Modified Virtual Robust Spanning Tree (MVRST) to maintain the connection.  
In [8] addresses the issue of maximum coverage for the directional sensor network. The sensors 

in the Directional Sensor Networks (DSN) have a limited sensor range. Point coverage in these 

networks is determined by the location and direction of the sensor. The aim of this algorithm 

is to maximize network life by allocating different schedules for each coverage set. This paper 

uses a GA-based scheduling mechanism to solve the NP-complete problem of maximum 

coverage. 

In [9] presents another method in which active monitoring nodes are tried to minimize targets 

in each round using the modified Ant Colony Optimization (ACO) algorithm. The results of 

the proposed algorithm in comparison with other algorithms compared in the same study show 

a relative increase in a network lifetime. 

A Euclidean approach based on greedy algorithms for selecting overlays in solving point 

coverage problems is presented in [10]. The proposed solution, with the aim of maximizing 

network life, introduces a function that selects the active set of unused nodes. In this algorithm, 

each target can be monitored by two sensors. The sensor that has the most residual energy is 

chosen as the active sensor. 

In the case of Connected Point Coverage (CTC), the aim is to maximize network life so that 

each set can maintain both coverage and connection between active sensors and the sink. In 

[11], this has been done using sensors scheduling for multiple sets, and the CTC problem is 

modeled as a Minimum Cover Tree (MCT). In this proposed algorithm, a high bound for the 

lifetime of the network is considered to solve it using one of the meta-algorithmic algorithms 

called Communication Weighted Greedy Cover (CWGC) [11]. 

In [12], a distributed design called Distributed Lifetime-Maximizing Scheme (DLMS) is 

proposed for the CTC point coverage problem. In this algorithm, a number of nodes are first 

selected as the source node to cover all targets by these nodes. Then an optimal path and 

efficient energy are generated from the source node to the sink so that the source node 

information is sent to the sink with minimal energy consumption. 

In WSN, sensors that can be deployed to monitor targets can be scheduled to improve network 

life. A learning-based automation method has been proposed in [13] in which each node is 

equipped with a learning machine, which selects the appropriate state of the node (active or 
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sleep). The proposed timing method prolongs the life of the network compared to its compared 

sources.  
In [14], the optimal selection of active monitor sensors in a connected point coverage network 

using the Simulated Annealing (SA) algorithm is discussed. The simulation results show the 

superiority of the proposed method over the studies compared in it. 

In [15] and [16] suggest ways to categorize nodes and select nodes for the monitor sensor, 

which increases the lifetime of a point coverage network by reducing energy consumption. By 

reducing the number of active sensors using the genetic algorithm while maintaining 

connectivity, it has reduced energy consumption during a period of sensor network activity. 

According to the applications of a sensor network, it can be said that the general aims in a 

sensor network are accuracy coverage in sending information, reliability, and maximum energy 

storage according to the user. Achieving these aims requires a network structure with minimal 

energy consumption. The proposed method in this paper is an attempt to meet this need. 
 

 

3. System Specification 

The system specification is as follows: 

 The provided coverage network has a diverse structure in which two classifications of 

sensors are used. The less capable group is called the ordinary nodes, and the other 

group that is more capable is called the supernodes. 

 The desired network includes n sensors. The distribution of all nodes is random. 

 All administrator nodes are connected, meaning there is at least one path from the 

administrator nodes. 

 The sensor node has an E initial energy, a communication range, and a sensor range.  

 Sensors can be in touch with each other and with administrator nodes.  

 Each node can be an interface, a monitor sensor, or both. 

 Each active sensor node must send its information to at least one interface node by the 

interface nodes.  

 The network is timed and rounded. 

3.1 Network Model 

The network model is as follows: 

-Each node has a distinctive ID. 

- Nodes are not conscious of their location and coordinates. 
- The number of supernodes is much less than ordinary nodes. 

- The energy of the supernodes is considered more than ordinary nodes and is multiplied by the 

scale. 
-All supernodes have the ability to communicate with each other. 

-The synchronization of supernodes is done through the central station, and then the 

synchronization of other nodes is done through the administrator nodes. 
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-Nodes have the ability to alter the transmitted power and adjust the transmitter power due to 

increasing and decreasing distance. The nodes are also able to detect the distance based on the 

received signal energy. 
- The number of i target is covered by a fixed position in the environment. The desired network 

is a combination of administrator nodes, sensor nodes, and targets. 

3.2 Energy Model 

In the proposed model, the network is considered as a graph of G(N, E). E is a set of links and 

N is a set of sensor nodes that are randomly distributed. d is the distance from the sensor node 

to the destination, l is the packet length and Eelec is the energy wasted in the circuit. Also, the 

two radio models are considered as energy models based on the distance between the 

transmitter and the receiver, which include the open space model (Fs) and the multi-path model 

(Mp). The parameters of the open space channel with 𝜀𝑓𝑠 and the multi-routing channel 

parameters with 𝜀𝑚𝑝are shown. 

For example, the energy consumption of the Si is calculated to send data directly based on 

Equation (1). 

 

𝐸1(𝑆𝑖, 𝐶𝐻𝑆𝑖) = {𝑙𝐸𝑒𝑙𝑒𝑐 + 𝑙𝜀𝑓𝑠𝑑(𝑆𝑖, 𝐶𝐻𝑆𝑖)2   , 𝑑 < 𝑑0𝑙𝐸𝑒𝑙𝑒𝑐 + 𝑙𝜀𝑓𝑠𝑑(𝑆𝑖, 𝐶𝐻𝑆𝑖)4  , 𝑑 ≥ 𝑑0                (1    )  

 

In this case, the Si uses an intermediate node such as Sj and multi-step routing to send data to 

save energy. As a result, the Si uses energy to deliver a packet of length l to the Cluster Head 

(CH) through multi-step routing based on Equation (2). 

 𝐸2(𝑆𝑖,  𝑆𝑗 , 𝐶𝐻𝑆𝑖) = 𝐸𝑇𝑋 (𝑙, 𝑑(𝑆𝑖,  𝑆𝑗)) + 𝐸𝑅𝑋(𝑙) + 𝐸𝑇𝑋 (𝑙, 𝑑(𝑆𝑗,  𝐶𝐻𝑠𝑖))              (2)  

 

Finally, a node is selected that has the least value related to Equation (2) because, in order to 

select the relay node, it is necessary to establish Equation (3) at the beginning. 𝐸2(𝑆𝑖, 𝐶𝐻𝑆𝑖) = Min (𝐸2(𝑆𝑖, 𝑆𝑗,  𝐶𝐻𝑠𝑖))                    (3)  

 

Then the Equation (1) and (3) are examined and finally, the lowest value is selected based on 

Equation (4). 𝐸(𝑆𝑖, 𝐶𝐻𝑆𝑖) = Min(𝐸1(𝑆𝑖, 𝐶𝐻𝑆𝑖) , 𝐸2(𝑆𝑖, 𝐶𝐻𝑆𝑖)                  (4)  

In the proposed model, due to the mobility of the targets, some nodes may use up less energy 

to forward data to the nearest target, therefore in this study, each sensor node must first 

calculate the cost of sending the data before sending the data and then transfer through the 

shortest route based on the Equation (5). 

 Min(𝐸(𝑆𝑖, 𝐶𝐻𝑆𝑖) , 𝐸(𝑆𝑖, 𝐵𝑆))                           (5)  

4. The Proposed Algorithm 
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Due to the efficient time division of life expectancy in different studies, the basis of the 

proposed algorithm (COAMS) is based on scheduling. The scheduling protocol means that the 

existence of the network in the algorithm is divided into equal executable phases. This division 

is in the sense of dividing the time of network activity into specific and fixed time periods. 

Scheduling protocols are one of the most popular classification protocols in sensor networks. 

Typically, these protocols use a two-phase mechanism. The two phases mentioned are under 

the headings of the establishment phase and the steady-state phase. The first part selects the 

required sensor nodes with network activity and the second part runs a network round. In these 

protocols, according to some special parameters and the fulfillment of the goal of the node 

network, nodes are divided into two categories, active and inactive.  
In the under reviewed network, a number of aims are identified with an unspecified position 

that requires to be controlled. Plenty of sensors are scattered near targets by chance. These 

sensors transmit the information to the supernodes using interface nodes. At any given moment, 

each target must be controlled by at least one sensor. In this network, lifetime is defined in such 

a way that the network is considered alive as long as all the aims covered are monitored. The 

network life is over when only one point on the monitor is removed from the cover. It should 

be noted that the activation of monitor nodes is not enough to cover, and the existence of a 

route for sending data is one of the main conditions. Therefore even when all the targets are 

covered, but there is no way to send the data to the monitoring sensors, the network life is over. 

The goal of this paper is to increase the lifetime of the whole sensor network and to optimally 

place the nodes in the network so that they cover the weaknesses of the network to maximize 

the lifetime of the total sensor network. 

4.1 Select Active Monitoring Nodes Using COA 

To select monitoring nodes (sensor), the proposed algorithm first checks the ability and 

functionality of the sensors using the fit function. In order to measure the ability of each node 

for the sensor to be monitored, the remaining energy of the sensor must be more than a 

threshold. This condition is used to check the minimum capability of the sensors. Nodes that 

do not meet the required conditions are not suitable candidates for selection as monitoring 

nodes. 

After the random placement of the nodes in the desired coverage network, the setup phase 

begins, in which each node identifies its communication nodes of the single-hop neighbors. All 

nodes whose distance from the mentioned node is less than the telecommunication radius of 

the node are considered to be single-hop neighbors of the node, and this identification of 

neighbors requires the cost of some energy, which is directly related to the distance between 

nodes. 

In the next step, after identifying the single-hop neighbors, the two-hop neighbors are 

determined by the nodes. After establishing the nodes and determining the neighbors, the first 

phase is completed, and the selection phase begins. In this phase, network nodes are categorized 

for monitoring activity, and it is determined which nodes will be active and which will be 

inactive in each round. This fitting is done in the proposed algorithm using the COA algorithm. 

Many parameters affect the choice or non-selection of a node. The most important parameters 

are the residual energy of each node, the number of targets monitored by each node, and the 

distance from each node to the target. Since the activation of each node constitutes the energy 

consumption of that node, the selected node must have the required amount of energy. 

Therefore, the remaining energy of each node has a direct effect on whether the node is 

activated or not. 
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A node that meets more targets around it can be responsible for monitoring all or part of them, 

and since most of the energy is used to transmit the monitored data, this results in saving a lot 

of energy. As a result, a node that meets more targets is a better candidate for activation. 

The last involved parameter in the activation of a node is the distance between the node and 

the target. As mentioned, most of the energy consumption in the network is spent on 

transmission, and the energy consumption of the transmission has direct and exponential 

relation related to the transmission distance. The longer the transmission distances, the higher 

the energy consumption. Therefore, nodes that are closer to the target are more suitable 

candidates for activation. 

The importance and involvement of the mentioned parameters are different from each other, 

therefore, in the fit function of the COA, the importance of each of these parameters has been 

determined. 

The process and how this decision is made by COA are described below. In the next step, based 

on the proposed objective function, considering some of the main factors such as the residual 

energy of each node and the number of goals covered by each node, the average energy, the 

distance of each node to the target, and the coefficients considered to optimize the function, 

nodes compete for activation. In Equation (6) the objective function is described. 

 

 (6 )                𝐶𝑜𝑠𝑡(𝑖) = 𝛼(𝐸𝑟𝑒𝑚𝑎𝑖𝑛𝑑𝑖𝐸𝑎𝑣𝑒 ) ∗ β(𝑡𝑎𝑟𝑔𝑒𝑡𝑖) ∗ 𝛾( 1𝑆𝑖) 

In this Equation, the 𝑡𝑎𝑟𝑔𝑒𝑡𝑖 is the target covered by each sensor, 𝐸𝑟𝑒𝑚𝑎𝑖𝑛𝑑𝑖 is the energy of 

each node, Eave is the average energy in each round, Si is the distance between each node and 

the target. After running the COA algorithm, the active sensor is selected, and the other nodes 

go to sleep mode. 

After running the various rounds, all of these steps should take so that the node that has the 

least measure of ability also tries to be activated, but does not have the necessary conditions to 

be activated, and therefore the lack of target coverage message is sent, and the categorizing and 

execution of the round is stopped, which means the end of the network life. At this time, a 

message is sent stating that the supernodes are not completely covered, and the network sends 

the non-coverage announcement to the final destination of the monitoring network. 

4.2 Point Coverage Algorithm with Moving Targets Based on COA 

The COA is one of the metaheuristic algorithms inspired by nature that is used to solve heuristic 

problems. In the case of coverage, the use of this algorithm helps to cover the nodes in the 

network optimally. 

Swarm Intelligence Algorithms (SIA) has advantages over other optimization algorithms, 

which makes their use in the matter of point coverage with moving targets. These advantages 

include the following: 

 They are strong and resilient in the face of dynamic change. Traditional optimization 

methods are not robust in the face of dynamic environmental changes and need to be 

restarted to provide solutions. In contrast, SIA is used to adapt the solution to changes 

in conditions. 

 One of the advantages of SIA is that they are able to solve and deal with issues that 

human knowledge and experience cannot solve. 

 SIA can be applied to any problem that can be formulated as an optimization function. 

 SIA can be blended with classical optimization techniques. 
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4.2.1 The Process of COA  

This algorithm runs in three phases: the setup phase, which determines the sensory ranges for 

each target. The selection phase in which the appropriate active node is selected. Stable phase 

in which data is sent from the target to the monitoring node and from the monitoring node to 

the central station. The phase of forming the sensor range is performed only once, but the phase 

of selecting the monitoring node and the steady-state are repeated in each cycle. 

4.2.1.1 Setup Phase 

The COA is based on the life of a bird called the cuckoo. The unique spawning and breeding 

of cuckoos set up the basis of this state-of-the-art, optimization algorithm. The cuckoo used in 

this model is in two types the adult cuckoo and cuckoo egg. The adult cuckoo lays eggs in the 

nests of other birds, and if the host birds recognize the cuckoo's eggs and do not destroy them, 

the cuckoo's eggs will grow, and the cuckoo will mature. Environmental characteristics and 

migration of cuckoos lead to convergence and finding the best environment for breeding 

cuckoos. 

The purpose of using the COA in point coverage is to find the coordinates of the monitoring 

node so that the distance, energy, and targets covered by the selected node are the most optimal. 

The COA, like all population search algorithms, begins with an initial population. The aim is 

to find habitats where the cuckoo's eggs are most likely to survive. In the case of point coverage, 

the position of the nodes around the target is considered as the habitat of the cuckoos. Once the 

algorithm is complete and the best habitats are found, the location of the best active node is 

determined. 

To begin the algorithm, a candidate matrix of habitats is generated by the number of cuckoos 

in the space. In nature, each cuckoo lays between 5 and 20 eggs, and these values are used as 

the upper and lower constraints of the cuckoo's spawning in different repetitions. Cuckoos lay 

their eggs in the nests of other birds within their spawning range. After all the cuckoo eggs 

have been placed in the nests of other birds, those that are less almost identical to the host bird's 

eggs will be identified and destroyed by the host bird, the rest of the eggs will feed and grow 

in the host bird's nest. 

To find the most suitable habitat, each cuckoo calculates the profitability of each habitat by the 

objective function. In this case, each habitat includes the location of the nodes around the target. 

By receiving these nodes and the location of these nodes in the environment, the target function 

calculates the energy of the nodes and the number of targets covered by each node, the distance 

between each node and the target, and the profitability of each cuckoo's habitat. In this way, 

each cuckoo calculates the profit of its habitat, and the habitat that has the most profit is selected 

as the target point for the migration of other cuckoos. 

Cuckoos do not travel all the way when migrating to the target point but pass through part of 

the path at a deviant angle. As a result, more opportunities for search space are being explored 

by each cuckoo. This greatly reduces the possibility of local extremism. In fact, the COA, in 

addition to the general search, also performs the local search. After completing this algorithm, 

the active node that had the most benefit in the fitness function is selected, and the other nodes 

are put to sleep. 

4.2.1.2 Selection Phase 

In each sensory range, not all nodes have the same chance of being activated. The node distance 

criteria to the target, and the remaining energy of the node, the number of targets monitored by 

each node are the parameters that are involved in selecting the active node. In this algorithm, 

there are a number of candidate nodes per activation. In each range, the node that has the most 
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residual energy and the least distance to the target and the number of targets monitored by each 

node is the first candidate to be activated. 

4.2.1.3 Phase Stable Mode 

Once all the active nodes have been identified, each target gives its information to the selected 

active node, and the rest of the nodes are put to sleep or idle.  
After the active nodes receive the target data, it sends the received data to the supernode and 

then to the central station. After all the supernodes have sent their data to the central station, 

that round ends. 

The energy consumption model in this algorithm is similar to the Low-Energy Adaptive 

Clustering Hierarchy (LEACH) algorithm. Figure 1 shows the flowchart of the proposed 

algorithm. 
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Fig. 1. Flowchart of the proposed algorithm 
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Figure 2 shows the pseudo-code of the proposed algorithm for solving the point coverage 

problem in WSN. 

 

Input:  

 Given a set N of n sensor node and a set T of t target and a set s of 

S supernode 

 iters: total number of iterations 

 dSi: euclidean distance between sensor i and target 

 targeti: number of targets which are seen by the sensor i  

 eremaindi: remain energy of sensor i 

 Eave: average energy of all sensors per round 

Output: 

A converged network`s targets that has monitor all targets 

 

BEGIN 

sensor nodes and the manager nodes and the target randomly placed on 

the page 

// INITIAL PHASE 

For (each target  in Nework()) 

senseEnvironmetn()  

End-For 

While (All Targets Could Cover) 

// SELECTION PHASE 

For (each target in Nework()) 

For (sensor around the target in the network()) 

If  En>Eastane 

Sensor enter to COA 

ELSE 

The sensor can be removed from the competition 

End IF 

If  (En<Eastane  for all sensor around the target) 

network lifetime is over() 

End IF 

END FOR 

END FOR  

For (each target  in COA()) 

Select active node 
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END FOR 

 

// STABLE  PHASE 

For (active node()) 

Find the best route from each active node to the sink() 

END FOR  

End While 

END 

Fig. 2. Pseudo-code of the proposed algorithm to solve the problem of point coverage in 

WSN 

5. Simulation Results 

In this section, the performance of the scheduling mechanism provided in asymmetric and 

symmetrical sensor networks is evaluated in which all sensor nodes and targets are randomly 

deployed. MATLAB software is used to simulate the network environment. The energy model 

used in these simulations is the energy model described in [29]. 

The COA, like all population search algorithms, starts with an initial population and converges 

after repeated sequences. Figure 3 shows the convergence velocity of the COA. 
 

 

Fig. 3. Convergence velocity in the COA 

In COA, energy efficiency has been optimized, and lifetime has been increased by 

implementing appropriate policies in selecting active nodes. The results of comparing this 

algorithm with other previous algorithms are shown in the following diagrams. 

The following parameters are considered for the COA are given in Table 1. 
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Table 1. Parameters of the COA 

Parameters Value 

The number of cuckoos 5 

Minimize the number of eggs in each 

cuckoo 

2 

The maximum number of eggs per cuckoo 4 

Maximum number of cuckoos 200 

Moving coefficient 2 

The number of repetitions 20 

First, the evaluation of the scheduling mechanism provided in the asymmetric sensor network 

has been evaluated, and the performance of the scheduling mechanism presented has been 

compared with the results of the EEDG [6], EDTC [5], SA [14], MSS [16] algorithms. The 

simulation parameters are given in Table 2. 

Table 2. Parameters used in the first simulation [30] 

Value Parameter 

500*500m Network size 

Random SNods location 

Random Nods location 

0.1J Nods Initial location 

0.5J SuperNods Initial Energy 

90m Communication range 

60m Sensing range 

300 Number of nods 

25 Number of Snod 

20 Number of targets 

50 nj/bit Eelec 

5.1 The Effectiveness of Proposed Algorithm in Asymmetric Network 

As can be seen in Figure 4, assuming the same conditions apply to all the compared algorithms, 

it is observed that in most rounds the energy consumption in the proposed algorithm (COAMS) 

is less than the compared algorithms EEDG [6], EDTC [5], SA [14], MSS [16] which increases 

the lifetime of the proposed algorithm by about 6 to 12 percent compared to the maximum 

lifetime of the studied algorithms. The final residual energy in the proposed algorithm is more 

than the other four algorithms. Compared to the proposed algorithms, the COAMS algorithm 

has, in the same way, increased the average network lifetime from 66 rounds to 78 rounds. It 

should be noted that the value obtained and displayed is the average execution of the algorithm 

for 10 executions.   
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Fig. 4. Comparison of the lifetime of the proposed algorithm network with the compared algorithms 

Figure 5 shows the changes in network lifetime as the number of targets changes. As expected, 

as the number of targets increases, the lifetime of the network is declining. The reason for the 

deviation of the graph and the non-uniformity of the downward trend is the change in the 

topology of the network and the instability of the node position for increasing the number of 

targets. As can be seen in Figure 5, on average, the COAMS algorithm has a longer lifetime 

than the other four algorithms. 

 

Fig. 5. The rate of change of network lifetime per increase in targets with rearrangement 

Figure 6 shows the change in the lifetime of the network for increasing the number of network 

nodes from 100 to 300 nodes with a fixed number and the same position of the targets and 

supernodes. 

As the number of nodes increases, the nodes around each target increase, and the probability 

that a node will be selected as an active node in successive cycles decreases, meaning that the 

role of the active node in the network rotates, and this results in balancing the energy 

consumption of our entire network and storing more energy in the network. Consequently, it 

should be eliminated in higher periods of the network. 
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Fig. 6. The rate of change in a network lifetime per increase in the number of network nodes with a 

fixed arrangement of targets and supernodes 

Figure 7 shows the change in the lifetime of the network in terms of increasing the supernodes 

in the network with a fixed number and the same position of the targets and supernodes.  
As supernodes increase, the lifetime of the network increases. The only energy consumption 

of a supernode is in transfers. The transmission of power is related to distance, and the greater 

the distance, the greater the power consumption of our energy exponentially, therefore if the 

number of our supernodes are greater, the distance decreases, and the distance between the 

transmission of supernodes decrease, the distance of transmission decreases, the energy 

consumption decreases. Eventually, the energy consumption of the entire network decreases, 

and the network dies at later intervals, increasing the life of our network. 

 

Fig. 7. The rate of change in network lifetime as a result of the increase in supernodes 
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One of the most important parameters in increasing network life is energy efficiency. Figure 8 

shows the energy consumption per round separately. As can be seen, the energy consumption 

in the COAMS algorithm is less than the other two compared algorithms, which indicates the 

optimal selection of active nodes in each period. 

 

Fig. 8. The rate of change in energy consumption per all three algorithms 

Figure 9 shows the number of live nodes per round in the proposed algorithm.  

 

Fig. 9. Number of living nodes per round 

5.2 The Implementation of Symmetric Network 

We assess the performance results of the proposed scheduling mechanism in the symmetric 

sensor network. The simulation parameters in Table 3 are as follows:  
Table 3. Parameters used in the second simulation 

100-300 Number of nods 

5-55 Number of targets 

100-600m Communication range 
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The energy required to transform a sleep node into an active state is negligible. The results are 

obtained from an average of 20 runs.  
In this experiment, the proposed algorithm is compared with the LADSC [13] algorithm. In 

Figure 10, the two algorithms are compared in terms of lifetime. As you can see in the Figure, 

the lifetime increases with the number of sensors. COAMS has a longer lifetime than LADSC 

in all cases. 

 

Fig. 10. Increasing the number of sensors from 20 to 100 with a constant sensor range R = 300m and 

a target number of 50 

Figure 11 shows a comparison of network lifetime based on the sensory range of two 

algorithms. It is observed that by increasing the sensor range, the proposed COMAS algorithm 

has a longer lifetime than the LADSC algorithm [13]. 

 

Fig. 11. Increase sensor range from 100 to 600m with 50 sensors and 50 targets 

In this experiment, the increase in sensor range over the lifetime of the network is investigated. 

In Table 4 for 90 sensor nodes and 10 targets, the proposed COAMS algorithm is compared 

with MCMIP [28], Slijepcevic [27] and LADSC [13]. It is observed that the COAMS algorithm 

continuously covers the areas better, and therefore more energy is stored. 
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Table 4. Increase sensor sensitivity for 90 sensors and 10 targets randomly distributed in the 

environment 

Slijepcevic [27] MCMIP [28] LADSC [13] COAMS Sensing 

range(m) 
MA

X 

AV

G 

MIN MA

X 

AV

G 

MIN MA

X 

AV

G 

MIN MA

X 

AV

G 

MIN 

4 2.4 0 4 2.4 0 8 3.7 2 12 4.6 2 100 

7 5 3 7 5.4 3 10 5.7 3 14 6.2 2 120 

8 6 4 8 6.6 4 10 7.7 4 12 8.1 3 140 

9 7.6 6 11 8.6 8 16 9.43 5 19 10.3 4 160 

13 10.2 6 15 11.6 6 22 12.6 7 24 13.1 6 180 

15 12.6 11 17 15 13 27 16.9 7 25 18.1 7 200 

21 16.8 13 21 18.4 16 25 20.7 14 28 22.4 13 220 

21 18.2 13 23 19.6 13 29 21.4 15 32 24.6 16 240 

23 20.4 15 26 22.2 15 34 27.8 25 37 29.1 20 260 

27 24.4 21 30 27 21 36 30.3 23 42 33.7 24 280 

31 29.2 27 33 31.4 27 44 35.6 26 49 38.8 28 300 

In this experiment, the network lifetime is compared with the COAMS algorithm when 

COAMS, LADSC, MCMIP, and Slijepcevic use a scheduling mechanism. For this 

experimentation, the number of targets was changed from 15 to 55 targets with 5 steps, and the 

results were evaluated. The number of sensor nodes is 90, and the sensor range is 250 meters.  
Table 5 shows the maximum, average, and minimum coverage by COAMS, LADSC, MCMIP, 

and Slijepcevic. COAMS has been shown to provide better results than existing methods. 

 

Table 5. Increase the number of targets for 90 sensors with a sensor range of 250 

Slijepcevic [27] MCMIP [28] LADSC [13] COAMS Number 

of targets  
MAX AVG MIN MAX AVG MIN MA

X 

AVG MIN MAX AVG MIN 

23 20.8 16 27 20.8 17 37 26.95 17 49 38.6 18 15 

21 18.2 16 22 18.2 17 32 22.95 14 46 36.2 13 20 

19 18.2 16 23 18.2 18 29 22.8 17 44 34.3 15 25 

19 18 16 24 18 18 30 23.4 19 41 34.1 17 30 

19 16.6 11 23 16.6 11 30 21.8 13 40 33.12 19 35 

18 16.8 16 22 16.8 16 29 21.35 15 38 32.5 17 40 

17 16 15 20 16 17 28 20.35 16 36 31.4 16 45 

20 17.2 15 23 17.2 18 27 20.35 15 34 30.52 15 50 

18 16 14 21 16 14 26 21.5 16 33 29.95 18 55 
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6. Conclusion 

This paper addresses the issue of point coverage in Wireless Sensor Networks (WSN) and 

provides a scheduling mechanism based on the Cuckoo Optimization Algorithm (COA). In the 

proposed scheduling mechanism, the selection of active nodes was to monitor the targets based 

on the COA. By examining the results of simulating the proposed algorithm and comparing it 

with the presented sources, in both symmetrical and asymmetric networks, it is observed that 

this algorithm solves the problem of optimal selection of monitoring sensors in a WSN. It 

works well on a large scale and is able to provide a good and feasible response to network 

design, and by organizing and categorizing network nodes, more energy can be achieved that 

leads to increased network lifetime. Creating balance and uniformity in the energy consumption 

of nodes and subsequently prolonging the life of the network is one of the results of 

implementing the proposed algorithm. 
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