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 Wireless sensor network (WSN) is a network, which has more numbers of 

sensors that are small in nature and are self organised. The inbuilt battery 

system is provided in the sensor nodes through which the nodes can 

communicate and do good operations among the other nodes available in the 

network. Lifetime is the most essential parameter which needs to be 

maximised for the WSN. This measure is more important for conservation of 

energy, for adequate and efficient performance of sensor networks. This 

paper proposes a swarm energy efficient power efficient gathering in sensor 

information systems (PEGASIS) (SEE-PEG) based energy optimization 

algorithm for WSN in which clustering and clustering head selection are 

done by using modified particle swarm optimization (MPSO) algorithm with 

respect to minimizing the consumption of power in WSN. The parameters 

evaluated for the proposed method is compared with existing technique like 

energy efficient PEGASIS without optimization. The simulation results are 

obtained using matlab tool. 
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1. INTRODUCTION 

In twenty first eras wireless sensor network (WSN) gaining more and more importance and the 

research has been widely processed in this field by the researchers. The network fields for performing 

wireless communications are made with sensor nodes and the network consists of batteries with lower power 

[1], [2]. The sensor nodes deployed in the network have a lower supply of power and the nodes are designed 

to detect data, acquire information and the communication is performed wirelessly. The sensor nodes are the 

element which determines the life span of the network. One of major problems in the WSN is consumption of 

energy, to maximize the lifetime of the network many techniques are suggested by the researchers. 

The sensor nodes which are available in the network are made with low battery power, 

microcontroller, external memory, transceiver and some sort of sensors. In these elements most of the power 

is used by the transceiver as the transceiver has four sets of operational modules. The four modules are idle, 

sleep, broadcast and receive. Among these modes the same amount of power is consumed by idle and receive 

mode. One of the energies saving modes is to turn off the transceiver module when the data is not been 

broadcasted or received [3]. The network remains active when there is sufficient power stored in the battery 

of sensor nodes. The more the energy dissipated the lifetime of network gets shorter. Thus, the major goal of 

all routing protocols devised thus far is energy consumption education and network lifespan enhancement. 

The WSN connects scattered nodes to detect field data [4], [5]. The information in the network is gathered by 

the sensor node is transmitted to the destination node and is said to be base station. The traffic nearby base 

https://creativecommons.org/licenses/by-sa/4.0/
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station is boosted which leads to higher usage of energy. Clustering was used in WSN to lower the amount of 

energy consumed. Sensor nodes were coupled to generate various clusters based on some parameter in 

clustering-based protocols. The network also consists of clusters and the master cluster is known as cluster 

head (CH). Each cluster has a master known as a CH, and instead of communicating with the base station in a 

single hop, the CH were in charge of providing aggregated data to the target node [6]. The clustering in WSN 

is shown in Figure 1. 

Clustering is an essential approach in WSNs for boosting lifespan of thenetworks and the scalability 

[7], [8]. Clustering is the process of grouping sensor nodes into different clusters and electing CHs for all 

accessible clusters in the network. To choose appropriate CHs, many routing techniques have been 

developed. Choosing adequate CH is a difficulty in WSN. Two major routing protocols used by researchers 

in the field of WSN are low energy adaptive clustering hierarchy (LEACH) and power efficient gathering in 

sensor information system (PEGASIS). The LEACH protocol is a progressive cluster-based routing system in 

which numerous groups of nodes are established called clusters, and each cluster has one master node called 

the CH. The information perceived by the other nodes in a cluster is sent to their corresponding master node 

(CHs). The base station receives the fused data from the CH, so that the traffic near the base station will be 

reduced which leads to saving of energy. The energy consumed by the sensor node during this process is low. 

The PEGASIS protocol gives the chaining notation structure. The sensor nodes present in the work are 

connected in the form of chains using the PEGASIS protocol. Figure 2 depicts the whole taxonomy of 

cluster-based routing techniques in wireless sensor networks. 

 

 

 
 

Figure 1. Wireless sensor networks 

 

 

 
 

Figure 2. Classification of cluster-based routing protocol 
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2. RELATED WORK 

A wireless sensor network (WSN) is made up of tiny low-energy sensing nodes that may detect 

phenomena and communicate the data to a sink. Micro electromechanical systems (MEMS) technological 

advancements have resulted in the creation of low-cost, multi-functional small sensor nodes that require less 

power. WSNs are essentially data collection networks in which the data is strongly correlated, and the end 

user requires a high-level description of the environment felt by the nodes.  

WSNs are utilized to detect scope approach or the state of physical things such as bridges, allowing 

for proper response and avoiding potential harm. Because battery recharge may be difficult, the network has 

higher energy efficient nodes based on the protocol used in WSN. 

The power units help the sensor nodes to operate, without the help of power unit the sensor nodes do 

not work. There are two critical parameters linked with each sensor node: 

− Sensing range (𝑆𝑅): The range which the sensor node can observe the phenomenon and the maximum 

distance limit sensing is termed as sensing range. 

− Range of Transmission (𝑇𝑅): The maximum range that a sensor node can transmit the information or 

data is termed as 𝑇𝑅. 

In design of WSN the most difficult tasks are to provide a protocol that allows the randomly 

distributed number of sensing units to operate collaboratively, cooperatively, coordinated and organized. 

Every node transfers the information to its nearby node followed by sink. When compared to traditional 

communication networks, the protocol design for routing in the network becomes extremely important in the 

case of WSNs [9]. Hierarchical routing protocols or clustering, among the different suggested network 

routing protocols, significantly provides the scalability for the system contribute to system scalability, 

longevity, and efficiency of energy [10]. Kim et al. [11] the author proposed LEACH protocol to improve the 

efficiency of the network. 

Clustering is a helpful approach in WSNs for dealing with scalability issues. Clustering, when paired 

with data aggregation, has the potential to improve the network's energy efficiency. Furthermore, by 

allocating a particular function to the CHs, clustering makes the network more resistant and prone to assaults 

[12]–[15]. In a WSN with direct communication, sensor nodes send their perceived data straight to the sink 

without any coordination between the two. However, with cluster based WSNs, the network is separated into 

clusters. The communication of information at node is done with the CH which sends the total data to the 

base station [16], [17]. Data aggregation at CHs reduces the quantity of data delivered to the BS significantly, 

conserving both energy and bandwidth resources [18]. WSN operates more efficiently when the clustering 

technique is effective. The key obstacles are to arrange CHs equally for the entire network and control the 

dissipation of energy caused by the exchange of information between the nodes and CH [19]. 

The CH selection technique is the most crucial phase of routing protocol which arecluster-based 

because it provides consistent energy allocation across sensors, hence prolonging the sensor network (SN) 

lifespan [20]. Once the CHs are discovered, they establish a backbone network to gather, consolidate, and 

send data to the BS on a regular basis utilising the least amount of energy (cost) routing. When compared to 

other existing ways, this strategy dramatically increases network longevity. In this instance, certain outliers 

may form that are not connected to any of the CHs despite being in the transmission range. This technique 

handles CH selection using the unique node idea [21]–[23]. A unique node is one that is not linked to any 

other CHs. For the selection of CH in WSN, the method suggested in this study employs two parameters: the 

number of surrounding nodes and the residual energy. The protocols initially construct the top level of 

clusters based on this global information by selecting specific nodes as CHs. The remaining nodes are then 

grouped as cluster members into the specified cluster. Many algorithms choose the CHs at random. In such a 

circumstance, the CH’s energy may be lower than that of its member nodes. Such CH may die off soon, 

resulting in clusters of low quality. Our study is motivated by the need to provide efficient clustering without 

requiring global network information by reversing the clustering technique from top-down to bottom-up [24]. 

To do clustering, location data is often utilised to compute the distance between sensing nodes. This is 

referred to as quantitative agglomerative hierarchical clustering. However, location data may not always be 

accessible [25] owing to factors such as GPS failures, the expense involved, or the time required determining 

the exact location of the sensors. This is referred to as qualitative agglomerative hierarchical clustering. The 

current study examines several agglomerative techniques for qualitative and quantitative data. 

Kaur and Bajwa [26] suggested employing BFO in chain for enhanced PEGASIS. When compared 

to alternative chain building strategies, such as PEGASIS, which builds chains using a greedy algorithm, the 

performance of the suggested method is shown to be superior. ReLeC protocol, a reinforcement learning-

based, clustering-enhanced method for energy-efficient routing in WSNs and maybe other geographically 

dispersed IoT networks, is proposed by the author in [27]. The protocol uses clustering and RL to try to find a 

reliable data transmission path. For applications devoted to structural health monitoring in the construction 

sector, Yen et al. [28] explored the creation of the idea of “communicating concretes,” which are concrete 
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components integrating wireless sensor networks. Sleep mode and the data aggregation process are both 

considered in a chain-based data gathering technique that is provided. The threshold sensitive energy 

efficient sensor network (TEEN) protocol was proposed by Kumar et al. [29]. Reactive protocols like TEEN 

and directed query dissemination (DirQ) are used to cut down on transmissions by only allowing nodes to 

send when a detected property is within a certain range of interest. 
 

 

3. PEGASIS PROTOCOL 

Among the two major protocols in WSN, PEGASIS having more benefited when compared to 

LEACH. The faults in LEACH are being updated in PEGASIS. The main advantage of this protocol is its 

network longevity as it the follow the chaining principle for performing the operation. The chain is developed 

between the sensor nodes. The nearby nodes form a chain and extend to node situated at longer distance. In 

Figure 3, the illustrations of transmitting data using PEGASIS areobserved. The information is first detected 

by C0 and is transmitted to C1. The C1 receives the input data and mix the data with its own discovered data 

and send to next node C2. Here C2 is termed as leader node. The leader node is situated in center of nodes 

and near to base station. The leader node sends data to the base station. In same process the data is sent by C3 

to C2 and C2 sends to base station. The energy consumed at every node will be less and overall energy 

consumption of network for transmitting the data from source to destination will be reduced. Hence when 

compared to LEACH the PEGASIS attains good performance in terms of energy efficiency. The CH 

aggregates data in LEACH, but no data fusion occurs in PEGASIS. 
 

 

 
 

Figure 3. PEGASIS based transmission of data 
 

 

4. PROPOSED METHOD 

Distance is one of the important parameters in WSN for saving of energy. The distance between 

nodes and CHs or sinks need to be visualized and calculated for making the network efficient. The above 

problem is solved by using multiple sinks in a WSN.The current research work concentrates on two basic 

aspects related to multiple sinks WSN, namely: 

A. Finding optimal number of sinks. 

B. Finding the position of sinks 

− Step1. Network clustering 

− Step2. Selection of cluster head (CH) 

− Step3. The optimum routing path needs to be identified 

− Step4. Transmission of data from one node to another using single or multiple hops. 

Each node in a chain transmits and accepts data from the node immediately adjacent to it. As a 

result, the information received is passed from node to node before being sent to the base station via a 

selected leader node. Following study, it was shown that this notion of chaining using greedy technique is 

highly effective. 
 

4.1.  Swarm energy efficient process 

Initially the distance between the sink and nodes are calculated. To identify the CH, we propose 

optimization technique to find the global best node. The swarm optimization techniques are used to find the 

energy efficient CH selection for transmission of data. The major problem such as routing, and CH selection 

is solved using PSO technique. Here the modified PSO is designed for better improvement of proposed work. 

In this modified PSO we choose two swarms and calculate the distance and velocity based on two swarms. 
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Consider initial swarms as 𝑥, 𝑦, Let the starting position of 𝐼𝑠𝑡𝑎𝑟𝑡 . The distance travelled by the 

swarms is𝑑𝑖𝑠1 , 𝑑𝑖𝑠2. The final position of the swarms with respect to their distances is given by: 

 

𝑆𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 =  
𝐼𝑥+𝐼𝑦

2
 (1) 

 

now the position of the swarms will be updated based on local best to update the global best value. For 

velocity in PSO is having less potential in generating the best solution. The velocity is modified and updated 

to find the best optimal result. Now the velocity of the swarms which are considered in searching is given by, 

 

𝑉𝑒𝑙𝑥 = |𝐶. 𝐼𝑥(𝑡) − 𝐼(𝑡)| (2) 

 

𝑉𝑒𝑙𝑦 = |𝐶. 𝐼𝑦(𝑡) − 𝐼(𝑡)| (3) 

 

the position is updated as, 

 

𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛1 = 𝐼𝑥 − 𝐵. 𝑉𝑒𝑙 (4) 

 

𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛2 = 𝐼𝑦 − 𝐵. 𝑉𝑒𝑙 (5) 

 

where B and C are the vector coefficients which are calculated as, 

 

𝐵 = 2𝑏. 𝑟1 − 𝑏 (6) 

 

𝐶 = 2. 𝑟2 (7) 

 

b is linearly decreased from 2 to 0 over thecourse of iterations and 𝑟1, 𝑟2 are random vectors. 

It is advantageous to enhance the particle’s location. However, there is still the possibility of 

slipping into a local optimum solution when using PSO to determine the new position. To improve its 

exploration capability, the algorithm must be able to create random solutions in the search space with a low 

probability. Based on the above considerations, the following new position may be generated. 

 

𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑏𝑒𝑠𝑡 =  
𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛1+𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛2

2
 (8) 

 

Based on the above position the best CH is selected, which nodes are more energy efficient and the 

node which is nearest in the chain is identified and selected as CH. The Figure 4 shows the model of the work 

progressed. The modified optimization technique is used for selection of CH and for cluster formation process. 

Algorithm 1 shows the swarm energy efficient optimization algorithm for wireless sensor networks. 

 

Algorithm 1. Swarm energy efficient optimization algorithm for wireless sensor networks 
1. Initialization  

2. Initialise swarm population of N particles 𝑋𝑖 (i=1,2,3......, n) 

3. for i=1,2,3,.....,n do 

4. Generate swarms randomly based on the velocity and position 

5. Calculate fitness value of each swarm 

6. If a particle’s present position is better than its previous best position, update it. 

7. Identify the best swarm 

8. Renew the current location of swarm 

9. Update the particles velocity 

10. end for 

11. Update the position of swarm 

12. Rank the swarm and find the current best 

13. Cal new fitness value and estimate the fitness value of remaining swarms 

14. Check for stopping condition i.e., whether the IterreachesItermax, if yes, print the 

best value of solution otherwise go to step 5 

15. Update the position of current search agent 

16. Update the search agent 

17. Insert new swarm to the population 

18. Output the best value found 

19. Apply the best value to find cluster head (CH) 

20. Cal corresponding parameters like packets to CH, packets to BS, alive nodes, dead 

nodes, throughput, and Residual Energy. 
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Figure 4. Proposed model of the system 
 

 

The energy model is an important one in setting up the value of the energy loss during the process of 

transmitting and receiving of information. The network model has few assumptions on plot area, sensor 

nodes and other constraints. On the other hand, CH selection gives the information of how PSO is applied for 

our problem considered. The flowchart of the proposed system is shown in Figure 5. 
 

 

 
 

Figure 5. Flowchart of proposed system 
 

 

5. RESULTS AND DISCUSSION 

The simulation results are obtained using matlab tool. The environment consists of 100 nodes with a 

network size of 100×100 meters. The comparison is done between energy efficient PEGASIS and swarm 
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energy efficient PEGASIS (SSE-PEG). By applying modified swarm optimization technique the network life 

time is increased and is shown in below simulation results. The parameters considered for performing 

simulation operation is shown in Table 1. For the parameters shown in Table 1, the obtained simulation 

results are shown in below Figures. 
 

 

Table 1. Parameters set for simulation 
Parameter Value 

Size of the network 100×100 meters 

Nodes in network 100 numbers 

Starting energy of node 0.5 J 

Total energy for transmitting and receiving of data 50 J 
Distance between the available nodes 50 m 

Data considered for transferring 2,000 bits 

 

 

5.1.  Case 1 

The performance output is considered for 100 number of nodes. Figure 6 shows the sensor node 

distribution of the network. From Figure 7 it is shown that proposed swarm optimization as good level of 

energy compared to EE-PEGASIS. If we consider 2,000 rounds for comparison the energy remained 

modified SEE-PEGASIS is around 10 J, whereas energy remained using EE-PEGASIS is 4 J. The energy 

becomes zero when 3,500 rounds are done for EE-PEGASIS, whereas the energy remained upto 5,000 

rounds using modified SEE-PEGASIS. From Figure 8 it is shown that using swarm optimization alive nodes 

at 5,000 rounds is 4 nodes, whereas EE-PEGASIS approach the number of alive nodes is 0 nodes. This shows 

the nodes death rate is slow in proposed techniques compared to the existing technique. From Figure 9 it is 

shown that all the nodes are dead at around 4,600 nodes using EE-PEGASIS, modified SEE-PEGASIS the 

nodes are dead around 5,500 rounds, whereas using EE-PEG, the nodes complete zero after 8,000 rounds. 

The number of roundsare increased using proposed technique by which the data transmitting rate will be 

increased. 
 

 

  
 

Figure 6. Sensor node distribution 
 

Figure 7. Residual energy (J) vs no of rounds 
 

 

  
 

Figure 8. No of alive nodes vs no of rounds 
 

Figure 9. Number of dead nodes vs number of rounds 
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5.2.  Case 2 

The performance results obtained using 200 number of nodes are shown below. From Figure 10 it is 

shown that using Swarm optimization number of alivenodes are 20 nodes after reaching 5,000 rounds 

whereas in EE-PEGASIS approach the number of alive nodes is 10 nodes. This show the alive nodes are 

more active in proposed techniques compared to the existing technique. From Figure 11 it is shown that the 

nodes are completely dead after 6,200 round using modified swarm optimization and using EE-PEGASIS the 

nodes are completely dead after reaching 5,000 rounds. From Figure 12, if we consider 5,000 rounds for 

comparison the energy remained using modified SEE-PEGASIS is around 10 J, whereas energy remained 

using EE-PEGASIS is 3 J. 

 

 

  
 

Figure 10. Number of alive nodes vs number of 

rounds 

 

Figure 11. Number of dead nodes vs number of 

rounds 

 

 

 
 

Figure 12. Residual energy vs number of rounds 

 

 

5.3.  Case 3 

The performance results obtained by Considering 500 nodes, the results obtained are shown in 

Figures 13-15.  Using modified SEE-PEGASIS, residual energy is around 25 joules where as energy 

remained using EE-PEGASIS is 10 joules. The delay in EE-PEGASIS is 16.93 sec whereas in SEE-

PEGASIS is 15.07 sec. The number of dead nodes in EE-PEGASIS is 480 whereas in SEE-PEGASIS is 455.  

The number of alive nodes in EE-PEGASIS is 20 whereas in SEE-PEGASIS is 45. 
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Figure 13. Number of alive nodes vs  

number of nodes 

 

Figure 14. Number of dead nodes vs  

number of rounds 

 

 

 
 

Figure 15. Residual energy vs number of nodes 

 

 

In Table 2 the comparison of results is shown. The parameters shown are residual energy, number of 

dead nodes and number of alive nodes. The values are tabulated by considering 2,500 number of rounds for 

100 nodes. From the Table 2 it is clear that proposed SEE-PEG retains its energy level for more number of 

rounds and also the number of alive nodes is higher compared to existing method. The Table 4 values are 

tabulated by considering 6,000 number of rounds for 500 nodes. The Table 3 values are tabulated by 

considering 5,000 number of rounds for 200 nodes. From Table 5, the proposed Improved ant lion 

optimization techniques provides high energy efficiency as the number of node present till 5,462 round 

performed by the wireless communication system while transmission of data. 

 

 

Table 2. Results comparison for 100 nodes 
Parameters EE-PEGASIS SEE-PEGASIS 

Residual energy 3 J 9 J 
Number of alive nodes 18 30 

Number of dead nodes 82 70 

Throughput (%) 82.96 86.3 
Packet delivery ratio (%) 84.79 88.4 

Delay (Sec) 18.87 17.11 
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Table 3. Results comparison for 200 nodes 
Parameters EE-PEGASIS SEE-PEGASIS 

Residual energy 4 J 10 J 
Number of alive nodes 10 18 

Number of dead nodes 190 182 

Throughput (%) 82.87 86.49 
Packet delivery ratio (%) 84.41 88.69 

Delay (Sec) 17.39 16.44 

 

 

Table 4. Results comparison for 500 nodes 
Parameters EE-PEGASIS SEE-PEGASIS 

Residual energy 10 J 25 J 

Number of alive nodes 20 45 

Number of dead nodes 480 455 
Throughput (%) 82.89 86.65 

Packet delivery ratio (%) 84.97 88.56 

Delay (sec) 16.93 15.07 

 

 

Table 5. The nodes status based on rounds 
Parameters EE-PEGASIS SEE-PEGASIS 

100 200 500 100 200 500 

First dead nodes 1,490 2,283 2,966 1,735 2,509 3,352 
Half dead nodes 2,079 2,903 3,586 2,345 3,158 4,401 

Last dead nodes 4,767 5,791 6,474 5,462 6,475 7,318 

 

 

6. CONCLUSION 

Wireless sensor networks are one of the most modern technologies that are being utilised for a 

variety of applications such as landslide detection, military applications, health monitoring, and so on. To 

improve the longevity of the network many researchers are developing various techniques. In this work, first 

a hierarchical protocol called LEACH, while the second is a chaining protocol called PEGASIS is 

implemented. It has been determined that PEGASIS is more energy efficient than the LEACH technique. In 

this study, the PEGASIS protocol is explored and improved by altering it with a new approach, which will be 

useful to those working on building an efficient algorithm in WSN to obtain an increase in network lifespan 

by employing SEE-PEG. The results reveal that SEE-PEG-based clustering approaches provide longer 

network life than the energy-efficient PEGASIS strategy. 

 

 

REFERENCES 
[1] I. F. Akyildiz, W. Su, Y. Sankarasubramaniam, and E. Cayirci, “A survey on sensor networks,” IEEE Communications Magazine, 

vol. 40, no. 8, pp. 102–105, Aug. 2002, doi: 10.1109/MCOM.2002.1024422. 

[2] A. Ali, A. Khelil, F. K. Shaikh, and N. Suri, “Efficient predictive monitoring of wireless sensor networks,” International Journal 
of Autonomous and Adaptive Communications Systems, vol. 5, no. 3, pp. 233–254, 2012, doi: 10.1504/IJAACS.2012.047657. 

[3] W. R. Heinzelman, A. Chandrakasan, and H. Balakrishnan, “Energy-efficient communication protocol for wireless microsensor 

networks,” in Proceedings of the Annual Hawaii International Conference on System Sciences, 2000, vol. 2000-Janua. 
[4] T. Jain, “Wireless environmental monitoring system (WEMS) using data aggregation in a bidirectional hybrid protocol,” 2012, 

pp. 414–420. 

[5] G. Xue, “Relay node placement in wireless sensor networks,” IEEE Transactions on Computers, vol. 56, no. 1, pp. 134–138, Jan. 
2007, doi: 10.1109/TC.2007.250629. 

[6] J. N. Al-Karaki and A. E. Kamal, “Routing techniques in wireless sensor networks: A survey,” IEEE Wireless Communications, 

vol. 11, no. 6, pp. 6–27, Dec. 2004, doi: 10.1109/MWC.2004.1368893. 
[7] A. Arman, V. Kher, T. Jain, and D. S. Saini, “Implementation of MPLS routing in traditional LEACH,” in 2nd International 

Conference on Signal Processing and Integrated Networks, SPIN 2015, Feb. 2015, pp. 1026–1030, doi: 

10.1109/SPIN.2015.7095409. 
[8] L. Buttyán and T. Holczer, “Private cluster head election in wireless sensor networks,” 2009 IEEE 6th International Conference 

on Mobile Adhoc and Sensor Systems, MASS ’09, pp. 1048–1053, 2009, doi: 10.1109/MOBHOC.2009.5337013. 

[9] A. Chauhan, R. Bhargove, T. Sharma, and T. K. Jain, “A framework for energy efficient routing protocol for homogeneous 
wireless sensor networks using sensing range,” in 2014 International Conference on Signal Processing and Integrated Networks, 

SPIN 2014, Feb. 2014, pp. 438–443, doi: 10.1109/spin.2014.6776993. 

[10] H. Taheri, P. Neamatollahi, M. H. Yaghmaee, and M. Naghibzadeh, “A local cluster head election algorithm in wireless sensor 
networks,” 2011 CSI International Symposium on Computer Science and Software Engineering, CSSE 2011, pp. 38–43, 2011, 

doi: 10.1109/CSICSSE.2011.5963987. 

[11] J. S. Kim, S. Y. Choi, S. J. Han, J. H. Choi, J. H. Lee, and K. W. Rim, “Alternative cluster head selection protocol for energy 
efficiency in wireless sensor networks,” in Proceedings - 1st International Workshop on Software Technologies for Future 

Dependable Distributed Systems, STFSSD 2009, Mar. 2009, pp. 159–163, doi: 10.1109/STFSSD.2009.15. 

 



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

 

 Swarm energy efficient power efficient gathering in sensor information … (Kandrakunta Chinnaiah) 

469 

[12] S. H. Kang and T. Nguyen, “Distance based thresholds for cluster head selection in wireless sensor networks,” IEEE 
Communications Letters, vol. 16, no. 9, pp. 1396–1399, 2012, doi: 10.1109/LCOMM.2012.073112.120450. 

[13] T. K. Jain, D. S. Saini, and S. V. Bhooshan, “Cluster head selection in a homogeneous wireless sensor network ensuring full 

connectivity with minimum isolated nodes,” Journal of Sensors, vol. 2014, pp. 1–8, 2014, doi: 10.1155/2014/724219. 
[14] T. K. Jain, D. S. Saini, and S. V. Bhooshan, “Performance analysis of hierarchical agglomerative clustering in a wireless sensor 

network using quantitative data,” in Proceedings of the 2014 International Conference on Information Systems and Computer 

Networks, ISCON 2014, Mar. 2014, pp. 99–104, doi: 10.1109/ICISCON.2014.6965226. 
[15] J. Teng, H. Snoussi, C. Richard, and R. Zhou, “Distributed variational filtering for simultaneous sensor localization and target 

tracking in wireless sensor networks,” IEEE Transactions on Vehicular Technology, vol. 61, no. 5, pp. 2305–2318, 2012, doi: 

10.1109/TVT.2012.2190631. 
[16] L. Cao, Y. Yue, Y. Cai, and Y. Zhang, “A novel coverage optimization strategy for heterogeneous wireless sensor networks based 

on connectivity and reliability,” IEEE Access, vol. 9, pp. 18424–18442, 2021, doi: 10.1109/ACCESS.2021.3053594. 

[17] L. Cao, Y. Yue, Y. Zhang, and Y. Cai, “Improved crow search algorithm optimized extreme learning machine based on 
classification algorithm and application,” IEEE Access, vol. 9, pp. 20051–20066, 2021, doi: 10.1109/ACCESS.2021.3054799. 

[18] M. Yang, A. Wang, G. Sun, and Y. Zhang, “Deploying charging nodes in wireless rechargeable sensor networks based on 

improved firefly algorithm,” Computers and Electrical Engineering, vol. 72, pp. 719–731, Nov. 2018, doi: 
10.1016/j.compeleceng.2017.11.021. 

[19] J. Wang, C. Ju, Y. Gao, A. K. Sangaiah, and G. J. Kim, “A PSO based energy efficient coverage control algorithm for wireless 

sensor networks,” Computers, Materials and Continua, vol. 56, no. 3, pp. 433–446, 2018, doi: 10.3970/cmc.2018.04132. 
[20] J. Tian, M. Gao, and G. Ge, “Wireless sensor network node optimal coverage based on improved genetic algorithm and binary ant 

colony algorithm,” Eurasip Journal on Wireless Communications and Networking, vol. 2016, no. 1, p. 104, Dec. 2016, doi: 

10.1186/s13638-016-0605-5. 
[21] Y. Feng, S. Zhao, and H. Liu, “Analysis of network coverage optimization based on feedback k-means clustering and artificial 

fish swarm algorithm,” IEEE Access, vol. 8, pp. 42864–42876, 2020, doi: 10.1109/ACCESS.2020.2970208. 

[22] H. A. Hashim, B. O. Ayinde, and M. A. Abido, “Optimal placement of relay nodes in wireless sensor network using artificial bee 
colony algorithm,” Journal of Network and Computer Applications, vol. 64, pp. 239–248, Apr. 2016, doi: 

10.1016/j.jnca.2015.09.013. 

[23] M. N. Postorino and M. Versaci, “A geometric fuzzy-based approach for airport clustering,” Advances in Fuzzy Systems, vol. 
2014, pp. 1–12, 2014, doi: 10.1155/2014/201243.  

[24] M. Cacciola, S. Calcagno, F. C. Morabito, and M. Versaci, “Swarm optimization for imaging of corrosion by impedance 

measurements in eddy current test,” IEEE Transactions on Magnetics, vol. 43, no. 4, pp. 1853–1856, Apr. 2007, doi: 
10.1109/TMAG.2007.892513. 

[25] Z. Wang, S. Wang, and H. Tang, “Wireless sensor network coverage optimization based on sparrow search algorithm,” Lecture 

Notes in Electrical Engineering, vol. 878 LNEE, no. 3, pp. 251–258, 2022, doi: 10.1007/978-981-19-0390-8_31. 
[26] G. Kaur and D. S. Bajwa, “Energy optimization in a wireless sensor network based on advanced PEGASIS using bacterial 

foraging optimization in chain,” Energy, vol. 10, no. 9, pp. 27–32, 2014. 

[27] T. Sharma, A. Balyan, R. Nair, P. Jain, S. Arora, and F. Ahmadi, “ReLeC: A reinforcement learning-based clustering-enhanced 
protocol for efficient energy optimization in wireless sensor networks,” Wireless Communications and Mobile Computing, vol. 

2022, pp. 1–16, Aug. 2022, doi: 10.1155/2022/3337831. 

[28] L. H. Yen, M. Z. Cai, Y. M. Cheng, and P. Y. Yang, “Energy optimization for chain-based data gathering in wireless sensor 
networks,” International Journal of Communication Systems, vol. 20, no. 7, pp. 857–874, Jul. 2007, doi: 10.1002/dac.848. 

[29] N. Kumar, A. Kumar, and A. Gautam, “An analytical review on PEGASIS protocol,” Management, vol. 3, no. 1, pp. 35–39, 2018. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Kandrakunta Chinnaiah     worked as a Full Time Research Scholar in Andhra 

University, 2015-2020. Presently Working in Universal College of Engineering and 

Technology as Associate Professor in the Department of Computer Science and Engineering, 

Dokiparru, Perecharla, Medikonduru, Guntur, Andhra Pradesh, India. He completed his B. 

Tech in Computer Science and Systems Engineering from GITAM Engineering College, M. 

Tech in Computer Science and Technology with Bioinformatics from Andhra University and 

MBA from VIPS, Vishakapatnam. His current research includes wireless sensor networks, 

bioinformatics, data science, cloud computing, artificial intelligence and machine learning, 

internet of things and big data analytics. He can be contacted at email: chinna.nitc@gmail.com. 

  

 

Prof. Kunjam Nageswara Rao     working as Professor and Head in the Department 

of Computer Science and Systems Engineering, University College of Engineering, Andhra 

University, Visakhapatnam, Andhra Pradesh, India. He completed his B. Tech in Computer 

Science and Systems Engineering from GITAM Engineering College, M. Tech in Computer 

Science and Technology from Andhra University and Ph.D. in Computer Science Engineering 

from Andhra University. His current research includes bioinformatics, computer science 

information systems, health informatics, big data analytics, artificial intelligence and machine 

learning, algorithm, and design analysis. He can be contacted at email: 

kunjamnag@gmail.com. 

 

https://orcid.org/0009-0001-4582-1748
https://orcid.org/0009-0005-2779-0238

