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 Energy efficient routing of data from sensor to base station (BS) is attained 

utilizing the clustering of sensor nodes, thus minimizing the number of hops 

and circling the task of the cluster head (CH) sporadically. In addition, the 

clusters near to the BS take a substantial load over multi-hop communication. 

The hot spot problem affects wireless sensor networks (WSNs) with BS 

nodes, which is caused by sensor nodes close to the BS allowing for increased 

traffic load. So, the entire network lifespan is minimized owing to the element 

some nodes drain their energy resources much faster equated to the break. To 

solve these issues fuzzy based clustering and form the optimal route (FCOR) 

by mobile sink (MS) approach for efficient data collection is proposed. The 

fuzzy logic method is used for elected the CH by node remaining energy, node 

connectivity and node distance parameters. Discovering an optimal movable 

trajectory for the MS is serious so as to attain energy efficiency. Improved ant 

colony optimization (IACO) method is a better solution to discovering an 

optimal traversal route. Simulation results proves that FCOR increases the 

energy efficiency, throughput and minimized the network delay in the WSN. 
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1. INTRODUCTION 

wireless sensor networks (WSN) comprises a large quantity of sensor nodes disseminated over a 

definite area. The WSN acts a significant part in observation, commercialized,healthcare, and business 

mechanisation. Energy efficiency is an important tasks in developing WSNs. Enhancing energy-efficiency is a 

major concern since greater energy utilization confines the lifetime. Meanwhile data transmission has the the 

highest proportion of energy consumption, proficient routing is an operative resolution to such issue. Clustering 

is an operative method in making the WSN routing algorithms. Clustering is a dominant process broadly 

adjusted to raise the lifetime and minimize the communication energy utilization. Hierarchical clustering 

method is a mutual method to routing. In clustering, selecting the cluster head (CH) is a major concept and 

they essential to do additional tasks, thus they utilize additional energy. As a result, it is a significant issue to 

choose the optimal CHs. 

In addition, the clusters near to the base station (BS) take a substantial load on multi-hop 

communication. Furthermore several traditional methods have not deliberated the redundant information 

gathering through the neighbor nodes. In WSN, sensor nodes near the BS allow additional traffic load. 

Therefore, the entire network lifespan is minimized. Nowadays, mobile sink (MS) is reflected as an 

excellentpolicy for solving the hot spot issue. MS actually move inside the WSN and collected the data and 

forward to the BS. The fuzzy method is used for elected the CH by node remaining energy, node connectivity 
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and node distance parameters. Discovering an optimal movable trajectory for the MS is serious so as to attain 

energy efficiency. Improved ant colony optimization (IACO) method is a better solution to discovering an 

optimal traversal route. Tahe greatest percentage of energy use as follows. In section 2 explains the fuzzy based 

clustering and form the optimal route (FCOR) working function. Simulation analysis results are explained in 

section 3. Finally, it presents the conclusions in section 4. 

Genetic algorithm and ant colony optimization (ACO) for the active cluster foundation by the node 

location and select the CH. This approach preserves additional energy. It enhances the network lifespan and 

throughput [1]. ACO based clustering method exactly with MS support for WSN. This approach the network 

is divide the many clusters and selected the CHs. Next, a MS transmission with every CH to gather information 

straightly via minimum range transmissions. The ACO technique applied for discovering the optimal route for 

the MS. This approach enhances the function of the network and improve the network lifespan [2]. ACO 

approach with MS is introduced for minimizing the amount of nodes straightly retrieved through destination 

and reduce the navigated route. This approach elects of rendezvous nodes by node density, residual energy, 

and the degree. Next, ACO is proposed to receive the optimal admittance route that can minimized delay and 

the utilization of energy [3]. Dynamic clustering with ACO-based MS approach to design an active clustering 

as well as optimal routing for collecting the data to enhance the lifespan. This approach is used for evading the 

hot spot problem. The ACO approach is adjusted for efficient route selection [4]. An improved ACO which 

applying MS based on CH distances. Here, the network is separated into many clusters also every cluster has 

one CH. The MS discovers an optimal method to transmit with CHs by ACO technique [5]. Compartmental 

model-based cluster size optimization applying opportunistic signals can be established on good signals 

availability. The compartmental model is used diminish the energy utilization and the clusters are formed by 

Taylor series expansion [6]. Improved energy-efficient the longevity is increased by using a clustering 

technique. The matching balanced clusters created by the fuzzy c-means to minimise and balance energy 

utilisation determine the ideal number of clusters. Then, using a back-off timer mechanism, CHs are selected 

at the best positions with CH replacement operation method for CH selection [7]. ARSH-FATI-based CH 

Selection method incorporated with a heuristic known ranked-based clustering for minimizing the energy 

transmission utilization when enhancing the lifespan. It deliberates the remaining energy, distance, and 

workload parameters are used for selecting the CHs [8]. 

Grey wolf optimizer (GWO) method is used in the fuzzy based enhanced CH selection (FBECS) 

strategy to choose the CHs. Grey wolves act as an intelligence algorithm known as GWO. It chooses the CHs 

based on how much energy each node uses and how much energy is still available. When the remaining nodes 

use single-hop transmission, this strategy balances energy consumption [9]. Although CH is easily dead, this 

method increases the overhead of CH routing. An effective and straightforward technique for time 

synchronisation is the time synchronisation approach [10]. The projection nodes are balanced using two 

compressive data collection methods. To evenly distribute the projection nodes and optimise energy usage, a 

spatial position-based clustering approach is also introduced. To evenly distribute the projection nodes and 

optimise energy usage, a spatial position-based clustering approach is also introduced. The lifespan of the 

network can be extended by even clustering by density, taking into account node position and density, and 

equal the network energy [11]. To meet the demands of cluster-based WSNs, single-channel cluster-based 

information-centric method, such as transmission between CH and child nodes [12]. 

Using a grid-based clustering technique, the load is first evaluated and then distributed. In order to 

achieve the nodes’ energy utilisation at their level of energy, polynomials must be resolved to determine the 

ideal grid length. Finally, based on the ideal cluster size, the network is divided into uneven grids [13].  

A creative optimisation with levy distribution through clustering technique employing a fitness function 

integrating four parameters, for example, energy, network load, distance to neighbours, and distance to the BS, 

is included in a hybridization of the metaheuristic cluster-based routing. For choosing the best course, a water 

wave optimisation with a hill-climbing method [14]. For achieving energy efficiency using the sleeping-waking 

method, an improved clustering hierarchy strategy is provided. With this method, data redundancy is decreased 

and network lifetime is increased [15]. Combining game to fight discriminating sending with clustering 

strengthens them by using unacceptable information from the non-cooperative game to boost forwarding rates. 

This clustering technique is required to transport packets in order to avoid detection [16]. The goal of the 

energy-efficient clustering technique is to maximise energy efficiency while minimising and equating energy 

usage. To reduce energy overhead, the lemma relating to the dual-CH approach is applied. The goal of a non-

cooperative game method is to balance how much energy each CH uses. Energy efficiency is improved by the 

energy-efficient clustering algorithm mutual game theory with dual-CH technique. It extends the network 

lifespan [17]. The CH is chosen using an improved artificial bee colony algorithm based on node density, node 

energy, and node position. The fuzzy c-means clustering method was used to construct the grouping. After 

that, create an ACO routing algorithm between the CH and BS that is energy-efficient. The network throughput 

is improved by this method [18]. To measure and improve dependability, one uses the end-to-end data delivery 

reliability strategy. This method delays the mapping operation between the received signal strength (RSS), 
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background noise, and packet reception ratio. However, this strategy falls short in terms of energy efficiency 

and network longevity [19]. 

Using CS and ACO methods to construct an energy-efficient routing. Here, the ACO method is 

utilised to find the leader nodes, and the CS method is applied to choose the data forwarder node during data 

transmission. However, this method’s inefficiency with regard to energy during multiple hops [20]. A cluster-

tree routing approach using self-organizing entropy for selecting the CH. compressive sensing technique is 

used to aggregate and compressed the data. Through CHs and the BS, the routing tree is applied to compressed 

data. The next step is to use a bee-based signal reconstruction algorithm to speed up the recovery process and 

find the best optimality and improves the lifetime [21]. A neighbor discovery method and two greedy k-hop 

clustering approach concentrate on bi-channel connectivity when enhancing the lifetime. Nodes remaining 

energy, awareness of spectrum, channel quality, and the distance between nodes parameters for choosing the 

hop count and channels for clusters. It enhances the network lifetime and network stability [22]. Provisioning 

of efficient authentication approach using elliptic curve cryptography (ECC) method to improve the 

authentication [23]. Diffie Hellman and the black-box information method on possibilistic queries and sporadic 

verification is to minimize the costs [24]. Signed digit number system applying neural network to contract with 

the mathematics functions that service the use of neural networks [25]. The entire traditional approach 

described the sensor node’s localization. However, they demand a large amount of computation power, and 

this power grows as computational complexity increases [26]. Link quality is expressed through link quality 

evaluation. Although unstable [27], this strategy. The localization methods are typically divided into two 

categories, such as the distance using angle of arrival, residual signal strength indication (RSSI), and time of 

arrival [28]. To improve the quality, link quality is measured using RSSI. It does, however, increase computing 

complexity [29]. 

 

 

2. FUZZY BASED CLUSTERING AND IACO FOR COLLECTING DATA VIA MS IN WSN 

2.1.  Network formation 

Network formation is expected here each sensor node has equal abilities regarding sensing region, 

transmission power. In this approach, every node has the same energy. Node RSSI is applied for compute the 

distance between nodes. We form the clusters by node distance. Figure 1 demonstrates the structure of the 

FCOR approach. After form the network, the sensor nodes are disseminating the hello message that consist of 

sensor ID inside its transmission range. From these hello message the number of neighbours with every node 

measured their distance. 

 

 

 
 

Figure 1. Architecture of FCOR approach 

 



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

 

Fuzzy based clustering and improved ant colony optimization for collecting … (Vishnupriya Gurunathan) 

279 

2.2. Fuzzy based CH selection 

In this approach, the fuzzy method is used for selecting the CH by the sensor node remaining energy, 

node connectivity and distance from sensor node to BS. Sensor node remaining energy is a significant factor 

for choosing a CH meanwhile a CH node has to utilize additional energy than a sensor node. A CH node gathers 

data from sensor and communicates these data to the data collector. One-hop neighbouring nodes inside the 

transmission node is known as node connectivity. This factor that decides how a node is positioned in the 

middle among its neighbours. The energy utilization for forwarding data raises with expand in distance between 

sender and BS nodes. From an energy management viewpoint, the distance between CH and BS could be 

reduced. The maximum energy, minimum distance and highest node connectivity node is elected as a CH based 

on fuzzy method. Figure 2 explains a fuzzy logic system of FCOR approach. 

 

 

 
 

Figure 2. Fuzzy logic system of FCOR approach 

 

 

Little, average, and greater are the remaining energy of fuzzy set variables. Near, medium and long 

distance for the distance of fuzzy variable set. In addition, near, accessible, and unfriendly for node connectivity 

fuzzy set input variables. The chance of CH selection output variables is very small, small, slightly small, small 

average, average, great medium, slightly great, great, and very great. The data collector node is selected by the 

highest node energy. Thus, minimized the node dead problem in the network. 

 

2.3.  MS form the route by ACO 

ACO is now inspired by the ant’s behaviour in its natural environment. It demonstrates the moral 

adequate function by using graphs to find the best routes. The fundamental characteristics of the ACO 

technique are uncertainty, flexibility, and distribution. It is a form of positive feedback system. It is suitable 

for exact solution and parallel calculation. 

Here, we treat the MS as a salesman, the data collector is plays as a city and the MS will visit all data 

collectors. The MS will travel the most efficient path used by the ACO method to reach data collector locations 

and collect data using one hop actually close communications. The communication distance between MS and 

the data collector is relatively tiny, which significantly reduces the energy consumption of the data collector. 

The ACO approach employs a heuristic element to increase the qualities on the following node, to enhance the 

convergence rate and to expand the capability of global search. Consequently, the latency is reduced.However, 

drawbacks of ACO method are functional inefficiency due to the ant’s diversity, which it is simple to decrease 

into local convergence and received the route typically cannot meet with the solution of optimal. In the ACO 

method, every ant is arbitrarily put on a data collector. Throughout the creation of a possible solution, ants 

choose the next data collector to be travelled via a policy of probabilistic decision. While ant k visits in data 

collector m also builds the partial solution, at time t, the possibility movable to the next data collector n 

neighboring data collector m is computed as: 

 

𝑃𝑚𝑛
𝑘 (𝑡) =

𝛾𝑚𝑛
𝜆 (𝑡)𝛽𝑚𝑛

𝜔 (𝑡)

∑ 𝛾𝑚𝑛
𝜆 (𝑡)𝛽𝑚𝑛

𝜔 (𝑡)𝑘∈𝑎𝑙𝑙𝑜𝑤𝑒𝑑𝑘

𝑓 𝑛 ∈ 𝑎𝑙𝑙𝑜𝑤𝑒𝑑𝑘 (1) 

 

here 𝛾𝑚𝑛
𝜆 (𝑡) represents the pheromone trail at time on arc (m,n) at time t, 𝛽𝑚𝑛 =

1

𝑑𝑚𝑛
 represents the heuristic 

value of movable from data collector m to n, allowedk denotes the set of ant k visited data collector. 𝜆 as well 

as 𝜔 indicate the factors which control the comparative pheromone trail weight and heuristic value. 

Though the ACO method has several shortcomings for example, convergence slow rate and it is 

simple to decrease into local optimal solution. Thus, we introduce the IACO method to improve the global 

search capacity and enhance the convergence rate. We raise the effect of the MS node to the next data collector, 

and enhance 𝛽𝑚𝑛 by applying the lesser distance between the data collector to the MS node, accordingly: 
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𝛽𝑚𝑛 =
1

𝑚𝑖𝑛[𝑑𝑖𝑠𝑡𝑚𝑛+𝑑𝑖𝑠𝑡𝑛,𝑜]
               (2) 

 

here, dist (m, n) represents the distance from data collector m to next data collector node n and dist (n, o) 

represents the distance from data collector o to the MS node m. Applying (2) into (1): 

 

Pmn
k (t) = {

γmn
λ (t)•{

1

min[distmn+distn,o]
}

∑ γmn
λ (t)•{

1

min[distmn+distn,o]
}k∈allowedk

if n ∈ allowedk (3) 

 

the pheromone trail on a route disperses over time. After time, the trail concentration is updated by: 

 

𝛾𝑚𝑛(𝑡 + 𝑠) = 𝜍𝛾𝑚𝑛(𝑡) + 𝛥𝛾𝑚𝑛(𝑡) (4) 

 

𝛥𝛾𝑚𝑛(𝑡) = ∑ 𝛾𝑚𝑛(𝑡)
𝑟
𝑘=1  (5) 

 

Here, 𝜍 represents the coefficient that denotes the disappearance of trail between time t and t+s and 

its value between 0 and 1. 𝛥𝛾𝑚𝑛(𝑡) denotes the per unit of length of trail substance quantity represents the ant’s 

count. This procedure will end until an optimal route is establishing afterward a given number of iterations. 

Finally, the MS collected the data from the data collector and forward the data to BS in the WSN. 

 

 

3. RESULTS AND DISCUSSION 

The simulations are applied to equate FBECS and FCOR approaches. Network simulator-2.35 is 

utilized for measuring the quality of service (QoS) parameters. The network scenario in which the sensor nodes 

are present randomly. Here, constant bit rate traffic is used for data transmission. 

 

3.1.  Packet forward ratio 

Figure 3 explains the packet forward ratio of FBECS and FCOR based on number of nodes. It shows 

the number of packets forward efficiently to the BS. The ratio of packets forwarded is greater in the FCOR 

mechanism compared to the FBECS mechanism. Because of, the MS collect the data from data collector node 

efficiently by ACO algorithm. As a result, it increases the packet forward ratio. But the existing mechanism 

minimized the packet forward ratio. 

 

 

 
 

Figure 3. Packet forward ratio of FBECS and FCOR based on number of nodes 

 

 

3.2.  Packet drop ratio 

Figure 4 demonstrates the packet drop ratio of FBECS and FCOR based on number of nodes. In the 

FCOR mechanism, the packet drop ratio is lesser than the FCOR mechanism using the fuzzy method is select 
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the efficient CH based on node energy and node distance from BS. Although, FBECS mechanism have the 

highest packet drops in the WSN since it increasing the energy utilization. 

 

 

 
 

Figure 4. Packet drop ratio of FBECS and FCOR based on number of nodes 

 

 

3.3.  Lifetime 

Figure 5 demonstrates the comparison of CH lifetime for FBECS and FCOR by number of nodes.  

As number of sensor node raises, the CH lifetime also raised. This shows that the required QoS is not the 

absolute owing breaking of the route since if it were, nodes would relocate. However, the FCOR method CH’s 

current lifetime is between 700 and 650 seconds. However, the FBECS approach lifespan is between 425 and 

500 seconds. 

 

 

 
 

Figure 5. CH lifetime of FBECS and FCOR based on number of nodes 

 

 

3.4.  Remaining energy 

Figure 6 specify the remaining energy of FBECS and FCOR by number of nodes. The FCOR 

mechanism is increases the remaining energy compared to the existing FBECS mechanism. The FCOR 

approach minimized the CH dead by the data collector. In addition, the MS minimized the CH energy 

utilization in the WSN. But, FBECS mechanism can’t use the MS thus increases the CH energy consumption 

in the network. 
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Figure 6. Remaining energy of CS, MACO, and CSHC approaches for node density 
 

 

4. CONCLUSION 

In this strategy, an energy efficient improved ant colony optimisation based approach is demonstrated 

for WSN with MS. Node RSSI is utilized for computing the sensor nodes distance. We select the CHs by fuzzy 

logic method based on node remaining energy, node connectivity and node distance. The data collector node 

is selected by the highest node energy. Thus, minimized the node dead problem in the network. The MS gathers 

data through an optimal moving route that is decided through IACO method, then collects the BS is received 

the data from the data collector. Finally, the MS forward the data to BS. As a result, the data is received in a 

timely manner. The simulation outcomes demonstrate that the FCOR approach executes mainly well equated 

to other method thus it improves the WSN lifetime. In addition, it increased both the energy efficiency and 

throughput also it minimized the network delay. 
 

 

REFERENCES 
[1] S. Das and S. Wagh, “Prolonging the lifetime of the wireless sensor network based on blending of genetic algorithm and ant colony 

optimization,” Journal of Green Engineering, vol. 4, no. 3, pp. 245–260, 2014, doi: 10.13052/jge1904-4720.435. 
[2] J. Wang, J. Cao, B. Li, S. Lee, and R. S. Sherratt, “Bio-inspired ant colony optimization based clustering algorithm with mobile 

sinks for applications in consumer home automation networks,” IEEE Transactions on Consumer Electronics, vol. 61, no. 4, pp. 

438–444, Nov. 2015, doi: 10.1109/TCE.2015.7389797. 
[3] H. Zhang, Z. Li, W. Shu, and J. Chou, “Ant colony optimization algorithm based on mobile sink data collection in industrial wireless 

sensor networks,” Eurasip Journal on Wireless Communications and Networking, vol. 2019, no. 1, p. 152, Dec. 2019, doi: 

10.1186/s13638-019-1472-7. 
[4] M. Krishnan, S. Yun, and Y. M. Jung, “Dynamic clustering approach with ACO-based mobile sink for data collection in WSNs,” 

Wireless Networks, vol. 25, no. 8, pp. 4859–4871, Nov. 2019, doi: 10.1007/s11276-018-1762-8. 

[5] J. Wang, J. Cao, R. S. Sherratt, and J. H. Park, “An improved ant colony optimization-based approach with mobile sink for wireless 
sensor networks,” Journal of Supercomputing, vol. 74, no. 12, pp. 6633–6645, Dec. 2018, doi: 10.1007/s11227-017-2115-6. 

[6] S. Kumar, “Compartmental modeling of opportunistic signals for energy efficient optimal clustering in WSN,” IEEE 

Communications Letters, vol. 22, no. 1, pp. 173–176, Jan. 2018, doi: 10.1109/LCOMM.2017.2763948. 
[7] A. A. H. Hassan, W. M. Shah, A. H. H. Habeb, M. F. I. Othman, and M. N. Al-Mhiqani, “An improved energy-efficient clustering 

protocol to prolong the lifetime of the WSN-based IoT,” IEEE Access, vol. 8, 2020, doi: 10.1109/ACCESS.2020.3035624. 

[8] H. Ali, U. U. Tariq, M. Hussain, L. Lu, J. Panneerselvam, and X. Zhai, “Arsh-fati: a novel metaheuristic for cluster head selection 

in wireless sensor networks,” IEEE Systems Journal, vol. 15, no. 2, pp. 2386–2397, Jun. 2021, doi: 10.1109/JSYST.2020.2986811. 

[9] S. M. M. H. Daneshvar, P. Alikhah Ahari Mohajer, and S. M. Mazinani, “Energy-efficient routing in WSN: a centralized cluster-

based approach via grey wolf optimizer,” IEEE Access, vol. 7, pp. 170019–170031, 2019, doi: 10.1109/ACCESS.2019.2955993. 
[10] G. S. S. Chalapathi, V. Chamola, S. Gurunarayanan, and B. Sikdar, “E-SATS: An efficient and simple time synchronization protocol 

for cluster-based wireless sensor networks,” IEEE Sensors Journal, vol. 19, no. 21, Nov. 2019, doi: 10.1109/JSEN.2019.2922366. 

[11] J. Qiao and X. Zhang, “Compressive data gathering based on even clustering for wireless sensor networks,” IEEE Access, vol. 6, 
pp. 24391–24410, 2018, doi: 10.1109/ACCESS.2018.2832626. 

[12] M. A. U. Rehman, R. Ullah, B. S. Kim, B. Nour, and S. Mastorakis, “CCIC-WSN: an architecture for single-channel cluster-based 

information-centric wireless sensor networks,” IEEE Internet of Things Journal, vol. 8, no. 9, pp. 7661–7675, May 2021, doi: 
10.1109/JIOT.2020.3041096. 

[13] J. Zhang, X. Feng, and Z. Liu, “A grid-based clustering algorithm via load analysis for industrial internet of things,” IEEE Access, 

vol. 6, pp. 13117–13128, 2018, doi: 10.1109/ACCESS.2018.2797885. 
[14] S. Al-Otaibi, A. Al-Rasheed, R. F. Mansour, E. Yang, G. P. Joshi, and W. Cho, “Hybridization of metaheuristic algorithm for 

dynamic cluster-based routing protocol in wireless sensor networksx,” IEEE Access, vol. 9, pp. 83751–83761, 2021, doi: 

10.1109/ACCESS.2021.3087602. 
[15] H. El Alami and A. Najid, “ECH: an enhanced clustering hierarchy approach to maximize lifetime of wireless sensor networks,” 

IEEE Access, vol. 7, pp. 107142–107153, 2019, doi: 10.1109/ACCESS.2019.2933052. 

[16] Y. Li and Y. Wu, “Combine clustering with game to resist selective forwarding in wireless sensor networks,” IEEE Access, vol. 8, 

pp. 138382–138395, 2020, doi: 10.1109/ACCESS.2020.3012409. 



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

 

Fuzzy based clustering and improved ant colony optimization for collecting … (Vishnupriya Gurunathan) 

283 

[17] D. Lin and Q. Wang, “An energy-efficient clustering algorithm combined game theory and dual-cluster-head mechanism for 
WSNs,” IEEE Access, vol. 7, pp. 49894–49905, 2019, doi: 10.1109/ACCESS.2019.2911190. 

[18] Z. Wang, H. Ding, B. Li, L. Bao, and Z. Yang, “An energy efficient routing protocol based on improved artificial bee colony 

algorithm for wireless sensor networks,” IEEE Access, vol. 8, pp. 133577–133596, 2020, doi: 10.1109/ACCESS.2020.3010313. 
[19] R. Zagrouba and A. Kardi, “Comparative study of energy efficient routing techniques in wireless sensor networks,” Information 

(Switzerland), vol. 12, no. 1, pp. 1–28, Jan. 2021, doi: 10.3390/info12010042. 

[20] H. Mostafaei, “Energy-efficient algorithm for reliable routing of wireless sensor networks,” IEEE Transactions on Industrial 
Electronics, vol. 66, no. 7, pp. 5567–5575, Jul. 2019, doi: 10.1109/TIE.2018.2869345. 

[21] W. Osamy, A. M. Khedr, A. Aziz, and A. A. El-Sawy, “Cluster-tree routing based entropy scheme for data gathering in wireless 

sensor networks,” IEEE Access, vol. 6, pp. 77372–77387, 2018, doi: 10.1109/ACCESS.2018.2882639. 
[22] R. Prajapat, R. N. Yadav, and R. Misra, “Energy-efficient k-hop clustering in cognitive radio sensor network for internet of things,” 

IEEE Internet of Things Journal, vol. 8, no. 17, pp. 13593–13607, Sep. 2021, doi: 10.1109/JIOT.2021.3065691. 

[23] S. Lingeshwari and R. Natchadalingam, “Provisioning of efficient authentication technique for implementing in large scale networks 
(PEAT),” International Journal of MC Square Scientific Research, vol. 6, no. 1, Jul. 2014, doi: 10.20894/ijmsr.117.006.001.006. 

[24] G. Prakash, B. Vyas, and V. R. Kethu, “Secure & efficient audit service outsourcing for data integrity in clouds,” International 

Journal of MC Square Scientific Research, vol. 6, no. 1, pp. 5–60, May 2014. 
[25] B. Abood, A. N. Faisal, and Q. A. Hamed, “Data transmitted encryption for clustering protocol in heterogeneous wireless sensor 

networks,” Indonesian Journal of Electrical Engineering and Computer Science (IJEECS), vol. 25, no. 1, pp. 347–357, 2022, doi: 

10.11591/ijeecs.v25.i1.pp347-357. 
[26] M. J. Al-Amery and M. H. Ghadban, “An energy consumption minimization approach in wireless sensor networks,” Indonesian 

Journal of Electrical Engineering and Computer Science (IJEECS), vol. 22, no. 3, pp. 1485–1494, 2021, doi: 

10.11591/ijeecs.v22.i3.pp1485-1494. 
[27] S. El-Abkari, J. El-Mhamdi, and E. H. El-Abkari, “Real-time RSS-based positioning system using neural network algorithm,” 

Indonesian Journal of Electrical Engineering and Computer Science (IJEECS), vol. 22, no. 3, pp. 1601–1610, 2021, doi: 

10.11591/ijeecs.v22.i3.pp1601-1610. 
[28] T. Kaur and D. Kumar, “MACO-QCR: multi-objective ACO-based QoS-aware cross-layer routing protocols in WSN,” IEEE 

Sensors Journal, vol. 21, no. 5, pp. 6775–6783, Mar. 2021, doi: 10.1109/JSEN.2020.3038241. 

[29] W. Sun, X. Yuan, J. Wang, Q. Li, L. Chen, and D. Mu, “End-to-end data delivery reliability model for estimating and optimizing 
the link quality of industrial WSNs,” IEEE Transactions on Automation Science and Engineering, vol. 15, no. 3, pp. 1127–1137, 

Jul. 2018, doi: 10.1109/TASE.2017.2739342. 

 
 

BIOGRAPHIES OF AUTHORS 
 

 

Dr. Vishnupriya Gurunathan     obtained her Ph.D. in Sathyabama Institute of 

Science and Technology under the faculty of computer science and engineering. She received 

her B.E. degree in computer science and engineering from Madha Engineering College, 

affiliated to Anna University in the year 2011. She completed her M.E. degree in computer 

science and engineering from Sathyabama University in the year 2013. Initially she worked as 

an assistant professor in the department of computer science and engineering at Jeppiaar 

Maamallan Engineering College, Chennai, for 9 years and currently she is working in Easwari 

Engineering college, Chennai, as an assistant. Professor in department of computer science and 

engineering. Her research interests include computer networks, wireless communications, 

security issues of wireless networks and routing protocols in ad hoc networks. She can be 

contacted at email: vishnupriya12phd@gmail.com. 
 

 

Mrs. Anusha Sakthivel     received her B.E degree in computer science engineering 

from Coimbatore Institute of Engineering and Information Technology, affiliated to Anna 

University, Chennai in the year 2009. She completed her M.E. degree in computer science 

engineering from Rajalakshmi Engineering College, affiliated to Anna University, Chennai in 

the year of 2011. She pursuing her Ph.D. in Anna University, Chennai under the department of 

electronics and communication engineering at Dr. SivanthiAditanar College of Engineering. She 

is working as an assistant professor in the Information Technology, Easwari Engineering 

College, Chennai. Her research interests include image processing, medical image processing, 

neural networks, machine learning, computer networks. She can be contacted at email: 

anusha18288@gmail.com. 

 

 

Mrs. Kavitha Datchanamoorthy     received B.E. (computer science and 

engineering) degree from Periyar Maniammai College of Technology for Women, 

Bharathidasan University in 2000 and M. Tech. (information technology) from Sathyabama 

University in 2009. She has 12 years of teaching experience on both undergraduate and 

postgraduate level and 4 years of industry experience. She is pursuing a Ph.D. from Anna 

University in the field of NLP. Currently, she is working at Easwari Engineering College, 

Ramapuram, Chennai as assistant professor in the department of computer science and 

engineering. Her technical research interests include natural language processing, data mining, 

data analytics and security. She also would like to learn and practice academic related teaching 

methodologies, ICT and assessment tools and evaluation metrics in higher education. She can 

be contacted at email: dkavithavijay@gmail.com. 
 

https://orcid.org/0000-0003-3303-3442
https://scholar.google.com/citations?view_op=list_works&hl=en&user=OcsuSc4AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57210985150
https://orcid.org/0009-0000-6696-2569
https://scholar.google.com/citations?user=dJqGiBQAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57204835008
https://orcid.org/0000-0002-8483-6037
https://scholar.google.com/citations?user=fxw5xGwAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57956965400

