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Abstract: Wireless Sensor Network (WSN) is an immense collection of low-power, intelligent and multifunctional 

sensor nodes for sensing and monitoring the environmental conditions. The information collected from sensors are 

transmitted to the sink or Base Station (BS). The sensors in the WSN use the battery energy and the energy 

consumption of the nodes are considered as an important constraint in the network. In order to overcome the issue 

related to the energy consumption, a cluster based routing protocol is developed in the WSN. In this paper, an 

appropriate Cluster Head (CH) selection and route generation are obtained using the Energy Centric Multi Objective 

Salp Swarm Algorithm (ECMOSSA). The main objective of using ECMOSSA is to improve the network lifetime of 

the WSN by minimizing the node’s energy consumption. The performance of the proposed ECMOSSA method is 

evaluated by means of alive nodes, total energy consumption, total packets received by the BS, throughput and network 

lifetime. Moreover, the ECMOSSA method is evaluated with one classical approach namely Low-Energy Adaptive 

Clustering Hierarchy (LEACH) protocol as well as this ECMOSSA is compared with Grey Wolf Optimizer (GWO)-

Dual Hop Routing (DHR) method and Cat- Salp Swarm Algorithm (C-SSA) to evaluate the efficiency of ECMOSSA. 

The last node dies (i.e., network lifetime) of the ECMOSSA is 1704 that is high when compared to both the LEACH 

and GWO-DHR method. 

Keywords: Cluster head selection, Energy centric multi objective salp swarm algorithm, Energy consumption, 

Network lifetime, Route generation, Wireless sensor network. 

 

 

 

1. Introduction 

WSN is a type of self-organizing networks that 

composes of numerous sensor nodes to process the 

sensing and communication tasks using the radio 

waves. The purpose of the WSN is to identify the 

mobile target’s movement (e.g. fire spread and 

wildlife) or observe the conditions (e.g. humidity and 

temperature) [1, 2]. The sensor nodes in the WSN 

senses various parameters such as moisture level, 

temperature, light intensity, vibration, pressure and 

so on [3]. This WSN plays a major role in the 

abandoned real time applications such as Industrial 

monitoring, surveillance in battle field, climatic and 

weather monitoring, health monitoring, natural 

disaster prevention, traffic monitoring, 

environmental condition monitoring and so on [4]. 

Sensors in WSN have many advantages such as self-

identification, time awareness, self-diagnosis and 

simple installation while coordinating with the 

remaining sensors to generate the dynamic self-

organized networks. However, these sensors have 

different constraints such as restricted energy, 

memory and computational ability [5, 6].  

Generally, the WSN is densely installed in the 

harmful places where the recharging or replacement 

of the battery is impossible as well as the human 

monitoring scheme is very risky [7]. The 

communication task carried out by the sensor node 

consumes a high amount of energy when compared 

to remaining tasks such as sensing and processing 

tasks [8]. Accordingly, the energy efficiency is 

considered as the main constraint because of the 

restricted battery capacity of the sensors [9]. In order 
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to overcome those issues, the clustering and routing 

are used due to its energy efficiency and reliability in 

data transmission [10]. In clustering, the sensors are 

divided into different clusters and each cluster in the 

network has one CH whereas the remaining sensors 

are cluster members [11, 12]. The CHs selected from 

the network has important tasks such as coordinating 

sensor nodes, data aggregation and data transmission 

between the other CH [13]. Thus, the clustering helps 

to improve the throughput and network lifetime by 

minimizing the long distance communications [14]. 

Additionally, the routing algorithm is developed in 

the clustered WSN to guide the CH selection and 

identify the optimal routing path to reduce the node’s 

energy consumption [15]. 

In [16], the Salp Swarm Algorithm (SSA) is 

already used for accomplishing the CH selection. 

However, in depth it fails to analyse its performances 

in the routing path generation. Moreover, this SSA 

based CH selection is only used to overcome the non-

uniform load assignment and energy hole issues. 

Furthermore, the major contributions of this research 

using ECMOSSA are given as follows: 

• In ECMOSSA, the selection of CH is carried 

out using five different fitness function values 

such as residual energy, intra cluster distance, 

distance from the CH to BS, node degree and 

node centrality. 

• Next, the routing path generation using 

ECMOSSA is obtained by considering three 

different fitness function values such as 

residual energy of the CH, the distance 

between the CH and BS and node degree. 

• Therefore, an adequate CH selection and 

routing path generation are used to decrease 

the node’s energy consumption that results in 

a better network lifetime. 

The overall organization of the paper is given as 

follows: Section 2 provides the literature survey 

about the recent techniques related to the cluster 

based routing in WSN. The problem statement 

identified from the literature survey and solutions 

given by the ECMOSSA is stated in Section 3. The 

preliminaries considered for the ECMOSSA is 

described in Section 4. Section 5 describes the 

ECMOSSA based CH and routing path selection. 

Next, the results and discussion for the ECMOSSA is 

clearly detailed in Section 6. Finally, the conclusion 

is made in Section 7. 

2. Literature survey 

The literature survey of the existing techniques 

associated to the clustering and routing methods in 

the WSN are described in this section. 

Lalwani [17] presented Optics Inspired 

Optimization (OIO) to create the cluster and route in 

the WSN. The CH selection in OIO was considered 

various factors such as node degree, energy and 

distance. The next hop CH with high residual energy 

was chosen to avoid the packet loss among the 

network. But, the OIO based clustering and routing 

was affected according to the network size. 

Mittal [18] developed the CH and route selection 

among the nodes using the GA algorithm. The 

Threshold-sensitive Energy-efficient Routing 

Protocol (TERP) algorithm was used for transmitting 

the data in the cluster. The multi-hop communication 

was accomplished by GA and it was used to improve 

the load balancing and to decrease the energy 

consumption of the distant CHs. But the CH 

reselection process mainly depended on the 

remaining energy of the nodes. 

Lalwani [19] presented the Biogeography Based 

Optimization (BBO) for clustering by considering 

various objective functions such as residual energy, 

intra-cluster distance and distance between CHs and 

the BS for better CH selection. Then the node degree, 

residual energy and Euclidean distance were 

considered in route generation of BBO. The packets 

collected by the BS is increased by minimizing 

node’s energy. However, the residual energy of the 

network was slightly degraded when the BS is located 

outside the network. 

Daneshvar [20] presented the Grey Wolf 

Optimizer (GWO) to choose the CHs in the network. 

In the CH selection, the solution was evaluated using 

the current residual energy of each node and 

predicted energy consumption. Next, a Dual Hop 

Routing (DHR) was used to transfer the data packets 

through the network. Further, the GWO algorithm 

was used to eliminate the unwanted execution of 

clustering to minimize the energy waste. However, 

the GWO algorithm doesn’t consider the distance 

factor while selecting the CHs from the network. 

Morsy [21] developed the hybrid Particle Swarm 

Optimization (PSO) and Gravitational Search 

Algorithm (GSA) to select the CH from the nodes. 

The fitness function values considered in the CH 

selection were distance to BS, energy efficiency and 

intra cluster distance. Here, the multi hop 

communication between the selected CHS were 

detected using the cost function that composes of the 

CH’s residual energy, distance between the CHs and 

distance among the CH and BS. Thus, the optimal 

selection of CH was used to balance the energy 

consumption. However, this hybrid PSO-GSA 

algorithm failed to analyze the last node die.  

Vinitha, Rukmini, and Sunehra [22] developed a 

Cat-SSA (C-SSA) algorithm based energy efficient 
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routing to select appropriate hops during the route 

generation. At first, the Low-Energy Adaptive 

Clustering Hierarchy (LEACH) protocol was 

developed to select the CH in the network that used 

to decrease the traffic in the network. Next, the C-

SSA was used to select an appropriate hop based on 

the energy constraints. However, the random CH 

selection property of LEACH created the higher 

energy consumption. 

3. Problem statement 

The problems found from the literature survey 

and solutions given by the proposed ECMOSSA 

method are stated in this section. 

Generally, the performances of WSN are mainly 

affected due to the inappropriate selection of fitness 

function parameters. For example, the reselection of 

the CH in GA [18] is mainly depends on the residual 

energy. Additionally, the GWO algorithm [20] is 

selected the CH using the residual energy of a node 

and predicted energy consumption. Both GA [18] and 

GWO [20] are failed to consider the energy while 

selecting the CH. This results in higher energy 

consumption during the data transmission. Moreover, 

the node’s residual energy is slightly degraded, when 

the BS is placed outside the network. 

Solution:  

The problems related to the inappropriate 

selection of fitness function parameters is avoided by 

considering an adequate fitness function parameter to 

select the CH. In the CH selection process, there are 

five fitness values such as residual energy, intra 

cluster distance and distance from the CH to BS, node 

centrality and node degree. The aforementioned 

fitness parameters are employed to choose an 

adequate CH during the data transmission. 

Additionally, the residual energy of the CH, distance 

between the CH and BS and node degree are 

considered to select the optimal shortest path to 

transmit the data packets. Hence, this optimal CH and 

route selection using ECMOSSA are helps to 

improve the network lifetime while obtaining a high 

amount of data packet transmission to the BS. 

4. System model 

This section delivers the information about the 

network model and energy model considered in this 

ECMOSSA method. 

4.1  Network model 

The network model of ECMOSSA method 

composes of BS and 𝑁 amount of sensors which are 

randomly positioned in the network area. A huge 

amount of sensors is used to accomplish the network 

connectivity. The assumptions considered in this 

network model are given as follows: 

1. The BS and sensor nodes remain static, once 

it is deployed in the network area. 

2. Sensor nodes have the capacity to report their 

position to the BS and other nodes. 

3. All sensors in the WSN have initial energy. 

4. The distance is calculated using Euclidean 

distance which is expressed in the Eq. (1). 

 

𝑑 = √(𝑥𝑖 − 𝑥𝑗)
2

− (𝑦𝑖 − 𝑦𝑗)
2
                        (1) 

 

where, 𝑥𝑖, 𝑦𝑖 and 𝑥𝑗, 𝑦𝑗 are the coordinates of the 𝑖𝑡ℎ 

and 𝑗𝑡ℎ node. 

5. In execution process, all the sensors transmit 

the fitness function values to the BS. Next, 

the BS selects the CH using the fitness 

function i.e., 𝑀  amount of CH is detected 

from the 𝑁  amount of sensor nodes. 

Accordingly, the non CHs are assigned to the 

respective CH. Finally, the data packets are 

transmitted via the CHs using the route 

acquired from routing algorithm. 

4.2  Energy model 

In ECMOSSA method, the 1st order radio model 

is used to define the transmitting and receiving 

energy of the sensors. In this energy model, either 

free space (i.e., 𝑑2 power loss) or multipath fading 

(i.e., 𝑑4  power loss) channel model is considered 

based distance (𝑑) among the source and destination. 

The free space model is utilized, when the distance is 

lesser than the distance threshold (𝑑0). Otherwise, 

the multipath fading model is used during energy 

calculation. Eq. (2) is used to calculate the energy 

depletion of the node while transferring 𝑙  bit data 

packets over the distance (𝑑). 

 

𝐸𝑇𝑋(𝑙, 𝑑) =

{
𝑙 × 𝐸𝑒𝑙𝑒𝑐 + 𝑙 × 𝐸𝑓𝑠 × 𝑑2      𝑖𝑓   𝑑 < 𝑑0

𝑙 × 𝐸𝑒𝑙𝑒𝑐 + 𝑙 × 𝐸𝑚𝑝 × 𝑑4      𝑖𝑓   𝑑 ≥ 𝑑0
             (2) 

 

where, the energy dissipated by the electronic circuit 

per bit is represented as 𝐸𝑒𝑙𝑒𝑐 ; the free space and 

multipath coefficient factors are represented as 𝐸𝑓𝑠 

and 𝐸𝑚𝑝  respectively. Then the distance threshold 
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used to specify the free space and multipath fading is 

calculated using Eq. (3). 

 

𝑑0 = √
𝐸𝑓𝑠

𝐸𝑚𝑝
                                                       (3) 

 

Eq. (4) shows the receiving energy calculation for 

𝑙 bit data packets. 

 

𝐸𝑅𝑋(𝑙, 𝑑) = 𝑙 × 𝐸𝑒𝑙𝑒𝑐                                        (4) 

5. ECMOSSA method 

The proposed ECMOSSA method has three main 

phases such as CH selection, cluster formation and 

generation of routing path. From the network, an 

optimal CHs are selected using the residual energy, 

intra cluster distance and distance from the CH to BS, 

node degree and node centrality. Additionally, an 

appropriate routing path is detected by considering 

the residual energy of the CH, distance between the 

CH and BS and node degree. The main objective of 

this ECMOSSA method is to design an energy 

efficient WSN to improve the network lifetime. The 

flowchart of the ECMOSSA method is shown in the 

Fig. 1. 

 

 
Figure. 1 Flowchart of the ECMOSSA method 

5.1 Overview of the salp swarm algorithm 

SSA is developed by the Mirjalili [23] at 2017 

and this SSA is inspired by the behaviour of the salps. 

Generally, the salps are belongs to the Salpidae 

family which has transparent barrel-shaped body. 

The tissues in the SSA are identical to the jelly fishes 

and it moved in which the water is pumped over the 

body has a propulsion to move forward. 

The population of the SSA separates into two 

types such as leader and followers to obtain the 

mathematical model of the salp chain. The salp 

present in the front of the salp chain is termed as 

leader whereas the other salps in the chain is termed 

as followers. The salp term represents that the leader 

directs the swarm and the followers in the SSA. 

The salp position is represented in the 𝑛 -

dimensional search space, where the amount of 

variables in the SSA is represented as 𝑛. Hence, the 

salp location is saved at 2 dimensional matrix called 

𝑥. The salp’s food source in the search space is 𝐹 that 

is considered as a target of the swarm. The location 

updates the salp leader of the SSA is obtained using 

the Eq. (5). 

 

𝑥𝑗
1 = 

{
𝐹𝑗 + 𝑐1 ((𝑢𝑏𝑗 − 𝑙𝑏𝑗)𝑐2 + 𝑙𝑏𝑗)        𝑐3 ≥ 0

𝐹𝑗 − 𝑐1 ((𝑢𝑏𝑗 − 𝑙𝑏𝑗)𝑐2 + 𝑙𝑏𝑗)        𝑐3 < 0
    (5) 

 

where, the  1𝑠𝑡  salp position at dimension 𝑗  is 

represented as 𝑥𝑗
1; the source of food at dimension 𝑗 

is represented as 𝐹𝑗 ; the 𝑗𝑡ℎ  dimension’s upper and 

lower bound are represented as 𝑢𝑏𝑗  and 𝑙𝑏𝑗 

respectively; 𝑐1, 𝑐2 and 𝑐3 are the random numbers. 

Eq. (5) shows that the leader updates the location 

according to the food source. In SSA, the coefficient 

𝑐1 i.e., expressed in Eq. (6) is a key parameter as it 

balances the exploitation and exploration behavior of 

salp. 

 

𝑐1 = 2𝑒
−(

4𝑟

𝑟𝑚𝑎𝑥
)

2

                                               (6) 

 

where, the 𝑟 and 𝑟𝑚𝑎𝑥 represents the current iteration 

and maximum number of iterations respectively. 

Moreover, the parameters of 𝑐2  and 𝑐3  are random 

numbers that is uniformly generated in the range of 

[0, 1]. These parameters are used to define the next 

location at the dimension 𝑗 that shows the position 

moves towards positive infinity or negative infinity. 

The following Eq. (7) i.e., Newton’s law of 

motion is used for updating the follower’s location. 
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𝑥𝑗
𝑖 =

1

2
𝑎𝑡2 + 𝑣0𝑡                                              (7) 

 

where, 𝑖 ≥ 2 , the location of the follower 𝑖  at 

dimension 𝑗  is represented as 𝑥𝑗
𝑖 ; time is 𝑡 ; initial 

speed is 𝑣0 , 𝑎 =
𝑣𝑓𝑖𝑛𝑎𝑙

𝑣𝑜
 and 𝑣 =

𝑥−𝑥𝑜

𝑡
. In this 

optimization algorithm, the time is iteration and 

difference among the iteration is 1. Consider 𝑣𝑜 = 0, 

then the Eq. (7) is rewritten as shown in the Eq. (8). 

 

𝑥𝑗
𝑖 =

1

2
(𝑥𝑗

𝑖 + 𝑥𝑗
𝑖−1)                                           (8) 

 

where, 𝑖 ≥ 2 , the location of the follower 𝑖  at 

dimension 𝑗  is represented as 𝑥𝑗
𝑖 . Hence, the salp 

chain is simulated using the Eq. (5) and (8). Here, this 

SSA is modified into ECMOSSA used to select the 

CH and generate the routing path over the network.  

5.2 CH selection using ECMOSSA 

In this phase, the optimal sensors are chosen as 

CH using the residual energy, intra cluster distance 

and distance from the CH to BS, node degree and 

node centrality. 

5.2.1. Salp representation 

The potential solution is termed as salp in the 

ECMOSSA and these salp represents the sensors to 

be selected as the CHs during CH selection phase. 

Each salp’s dimension is equal to the amount of CHs 

which are required to be selected as CHs through the 

network. 

5.2.2. Salp initialization  

In salp initialization process, each salp location is 

initiated with a random ID of node among the 1 and 

𝑁 . Consider the 𝑖𝑡ℎ  salp i.e., 𝑥𝑖 = 𝑥1
𝑖 , 𝑥2

𝑖 , … . , 𝑥𝑗
𝑖 , 

where dimension is represented as 𝑗 that is equivalent 

to the number of CHs, where the location of an each 

salp is 𝑥𝑗
𝑖, 1 ≤ 𝑎 ≤ 𝑗  which represents the node ID 

among the 1 and 𝑁. 

5.2.3. Fitness function formulation for ECMOSSA 

based CH selection 

The fitness function used in the ECMOSSA to 

select the CH is formulated as follows. 

5.2.3.1. Residual energy 

The CH collects the data from its cluster members 

and aggregates the received data as well as the data is 

sent to the BS. To accomplish the aforementioned 

tasks, the CH should have higher energy than the 

cluster members. Hence, the sensor with high energy 

is desired highly during CH selection. The sensor’s 

residual energy (𝑓1)  considered in the fitness 

function is expressed in Eq. (9). 

 

𝑓1 = ∑
1

𝐸𝐶𝐻𝑖

𝑀
𝑖=1                                                   (9) 

 

where, the residual energy of the CH in the network 

is represented as 𝐸𝐶𝐻𝑖
. 

5.2.3.2.  Intra cluster distance 

The intra-cluster distance represents the average 

distance among the CH and its non-CH nodes. The 

distance specified in the section 3.2 is used to define 

the sensor’s energy consumption. Energy 

consumption of the sensor is less, when the intra 

cluster distance for the respective CH is less. Eq. (10) 

expresses the 2nd objective function i.e., intra-cluster 

distance (𝑓2). 

 

𝑓2 = ∑ (∑ 𝑑𝑖𝑠(𝑁𝑖 , 𝐶𝐻𝑗)
𝐼𝑗

𝑖=1
𝐼𝑗⁄ ) 𝑀

𝑗=1                 (10) 

 

where, the distance between the 𝑖𝑡ℎ sensor to the 

𝑗𝑡ℎ CH is represented as 𝑑𝑖𝑠(𝑁𝑖 , 𝐶𝐻𝑗) and the intra 

cluster members for the respective CH is represented 

as 𝐼𝑗. 

5.2.3.3. Distance from CH to BS 

The distance among the CH and destination (BS) 

is considered as 3rd objective for the CH selection. 

Since, the energy depletion is generally based on the 

transmission distance as shown in the section 3.2. 

Hence, the CHs with the less distance from the BS is 

preferred in CH selection and distance from the CH 

to BS (𝑓3)  is expressed in the Eq. (11). 

 

𝑓3 = ∑ 𝑑𝑖𝑠(𝐶𝐻𝑖, 𝐵𝑆) 𝑀
𝑖=1                                 (11) 

 

where, the 𝑑𝑖𝑠(𝐶𝐻𝑗, 𝐵𝑆) represents the distance from 

the 𝑗𝑡ℎ CH to BS. 

5.2.3.4. Node degree 

Node degree represents the amount of cluster 

members that belongs to the CH. If the CH has a 

lesser amount of cluster members, then that CH 

sustains for higher duration. Hence the CH with less 

node degree is considered and the node degree (𝑓4) is 

expressed in the Eq. (12). 

 

𝑓4 = ∑ 𝐼𝑗
𝑀
𝑖=1                                                     (12) 
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5.2.3.5. Node centrality 

Node centrality is defined as the value that 

classify the nodes based on the distance from the 

adjacent nodes with the proportion to the network 

area. This node centrality is considered as 5th 

objective that is expressed in the following Eq. (13). 

 

𝑓5 = ∑
√(∑ 𝑑𝑖𝑠𝑡2(𝑖,𝑗)𝑗𝜖𝑃(𝑖) )/𝑃(𝑖)

𝐴𝑟𝑒𝑎
𝑀
𝑖=1                     (13) 

 

where, the number of nodes present in the clustering 

range is defined as 𝑃(𝑖). 

Further, the weighted sum approach is utilized to 

convert the above stated objectives into single 

objective as shown in the Eq. (14). 

 

𝐹 = 𝛼1𝑓1 + 𝛼2𝑓2 + 𝛼3𝑓3 + 𝛼4𝑓4 + 𝛼5𝑓5 

 

where,  

 

∑ 𝛼𝑖
5
𝑖=1 = 1,   𝛼𝑖 ∈ (0,1)                                (14) 

 

where, the values of 𝛼1, 𝛼2, 𝛼3, 𝛼4 and 𝛼5 are 0.30, 

0.25, 0.2, 0.15 and 0.1 respectively. The Eq. (14) is 

considered as a source of food for the ECMOSSA 

which is used to update the location of salp as shown 

in the Eq. (5). Hence, the optimal CHs from the 

network is selected during the CH selection process. 

5.3 Cluster formation using potential function 

In cluster formation phase, the non CHs are 

allocated to the respective CHs obtained from the 

ECMOSSA.  The cluster formation mainly considers 

two different values such as residual energy of the 

CH and distance between the nodes to the CH. The 

cluster formation of the network is obtained using the 

Eq. (15). 

 

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑜𝑓 𝑠𝑒𝑛𝑠𝑜𝑟 (𝑁𝑖) =
𝐸𝐶𝐻

𝑑𝑖𝑠(𝑁𝑖,𝐶𝐻)
        (15) 

 

The potential function of sensor is utilized to 

allocate the non-CH member to the CH with higher 

residual energy and less transmission distance.  

The CH with more residual energy is mainly 

chosen to minimize the packet drop in the network, 

because the node with less energy is quickly 

becoming a dead node. Subsequently, the node with 

lesser distance to the CH is considered for 

minimizing the energy consumption while 

transmitting the data packets. 

5.4 Route path generation using ECMOSSA 

The routing path is generated by considering the 

three different fitness function such as residual 

energy of the CH, distance from the CH to BS and 

node degree. The detailed description is given as 

follows: 

5.4.1. Salp representation 

In the representation phase, each salp is 

represented using the route from each CH to the BS. 

Similar to the CH selection, the dimension of each 

salp in the routing is identical to the amount of the 

CHs in the network.  

5.4.2. Salp initialization 

Each salp dimension is equal to the number of the 

CHs. Consider the 𝑖𝑡ℎ salp i.e., 𝑥𝑖 = 𝑥1
𝑖 , 𝑥2

𝑖 , … . , 𝑥𝑗
𝑖 , 

where dimension is represented as 𝑗 that is similar to 

the number of CHs, where the location of an each salp 

is 𝑥𝑗
𝑖, 1 ≤ 𝑎 ≤ 𝑗  that specifies the next hop 

𝐶𝐻𝑗 towards the BS. 

5.4.3. Fitness function formulation for ECMOSSA 

routing 

In ECMOSSA, there are three different fitness 

function values such as residual energy (𝑔1) , 

distance from the CH to BS (𝑔2) and node degree 

(𝑔3) are considered to choose an adequate route from 

the CH to BS. Then these multiple objectives are 

changed into a single objective using weighted sum 

approach as shown in the Eq. (16). 

 

𝐺 = 𝜑1𝑔1 + 𝜑2𝑔2 + 𝜑3𝑔3                            (16) 

 

where, the 𝜑1, 𝜑2  and 𝜑3  are the weighted 

coefficients that is equal to the 0.5, 0.3 and 0.2 

respectively. The 𝑔1, 𝑔2 and 𝑔3 are expressed in the 

Eqs. (17), (18), and (19) respectively. 

 

𝑔1 = ∑
1

𝐸𝐶𝐻𝑖

𝑀
𝑖=1                                                (17) 

 

𝑔2 = ∑ 𝑑𝑖𝑠(𝐶𝐻𝑖
𝑀
𝑖=1 , 𝐵𝑆)                                (18) 

 

𝑔3 = ∑ 𝐼𝑗
𝑀
𝑖=1                                                    (19) 

 

The CH with insufficient energy is avoided in the 

routing path by considering the residual energy as its 

first priority. The CH with less residual energy causes 

the failure of a node in the network. Next, the shortest 

path is obtained using the distance as second priority  
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Table 1. Simulation parameters 

Parameter Value 

Number of nodes 100 

Area 100m × 100m 

Initial energy 0.5J 

𝐸𝑒𝑙𝑒𝑐  50𝑛𝐽/𝑏𝑖𝑡 

𝐸𝑓𝑠 0.001310𝑝𝐽/𝑏𝑖𝑡/𝑚4 

𝐸𝑚𝑝 10𝑝𝐽/𝑏𝑖𝑡/𝑚2 

Packet length 4000 bits 

 

 

which helps to decrease the energy consumption. 

Further, the node degree is taken as 3𝑟𝑑 objective to 

choose the CH with less non-CH members. The data 

transmission is accomplished in the WSN, once the 

routing path is identified from the CH to BS. 

6. Experimental results and discussion 

The experimental results and discussion of the 

ECMOSSA method is described in this section. The 

implementation and simulation of the ECMOSSA is 

carried out using the MATLAB R2018a software as 

well as this software is operated on Windows 7 

operating system with Intel core i3 processor and 

4GB RAM. In the ECMOSSA, the clustering and 

routing over the network is accomplished by the SSA 

with an effective fitness function. Here, 100 sensors 

are randomly deployed in the area of 100m × 100m 

to simulate the ECMOSSA. The simulation 

parameters considered in the ECMOSSA is shown in 

the following Table 1. 

6.1  Performance analysis 

The performance of the ECMOSSA is evaluated 

by means of the alive nodes, total energy 

consumption, total packets received by the BS, 

throughput and network lifetime. The ECMOSSA is 

analysed with three different methods LEACH 

protocol (i.e., classical algorithm), GWO-DHR [20] 

and C-SSA [22] with the same specifications 

mentioned in the Table 1. 

6.1.1. Alive nodes 

Alive nodes are defined as the amount of nodes 

which has the energy to send the data through the 

network. Since, a high amount of alive nodes helps to 

increase the data packets collected by the BS. Fig. 2 

shows the alive nodes analysis of the ECMOSSA 

method with LEACH protocol, GWO-DHR [20] and 

C-SSA [22]. The alive nodes of the ECMOSSA 

method is high than the LEACH, GWO-DHR [20] 

and C-SSA [22]. For example, the LEACH protocol 

 

Figure. 2 Performance analysis of alive nodes for 

ECMOSSA method 

 

 

obtains less amount of alive nodes, because it uses the 

single hop transmission during the data transmission. 

In this single hop transmission of LEACH, the 

data packets are directly transmitted to the BS that 

quickly exhausts the energy of the nodes. But, the 

ECMOSSA performs the multi hop transmission 

between the CH to BS which used to preserve the 

energy consumption of the nodes during the data 

transmission. Hence, the alive nodes of the 

ECMOSSA method are higher than the LEACH 

protocol. 

6.1.2. Total energy 

The sensor node dissipates the energy while 

transmitting and receiving the data packets through 

the WSN. After dissipation, the sensor node has some 

remaining energy, which is specified as the total 

energy of the nodes.  The total energy comparison for 

the ECMOSSA method with LEACH, GWO-DHR 

[20] and C-SSA [22] is shown in the Fig. 3. From the 

Fig. 3, it concluded that the ECMOSSA method has 

higher energy than the LEACH, GWO-DHR [20] and 

C-SSA [22].  

For example, the random selection of CH in 

LEACH protocol selects the node in edge of the 

network as CH at sometimes. The node’s energy 

consumption is high, when the CH is located too far 

from the BS. However, the total energy of the 

ECMOSSA is improved by considering distance for 

an optimal CH selection and by generating an shortest 

path using the ECMOSSA. This ECMOSSA based 

CH and route selection helps to improve the total 

energy of the nodes. 
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optimal  

 
Figure. 3 Performance analysis of total energy for 

ECMOSSA method 

6.1.3. Total packets received by the BS 

In a network, each sensor sends the data packet to 

the BS.  The amount of packets received by the BS is 

mainly depends on the amount of alive nodes and 

node’s residual energy. The number of packets 

collected by the BS is increased, when both the alive 

nodes and residual energy provides better results in 

the WSN. Fig. 4 shows the comparison of total 

packets received by the BS for ECMOSSA method 

with LEACH, GWO-DHR [20] and C-SSA [22]. The 

total packets received by the BS for ECMOSSA 

method is higher than the LEACH, GWO-DHR [20] 

and C-SSA [22]. 

Here, the total packets received by the BS for 

ECMOSSA method is increased because of high 

amount of alive nodes and residual energy. 

Additionally, the residual energy consideration in 

ECMOSSA routing is used to eliminate the failure 

node during route generation which helps to increase 

the data packets received by the BS. Moreover, the 

 

 
Figure. 4 Performance analysis of total packets received 

by the BS for ECMOSSA method 

 
Figure. 5 Performance analysis of throughput for 

ECMOSSA method 

 

less amount of alive nodes in the LEACH protocol 

decreases the packets received by the BS. 

6.1.4. Throughput 

Throughput is defined as the number of packets 

successfully received by the BS and generally it 

calculated by bits per second. 

The throughput comparison for the ECMOSSA 

method with LEACH, GWO-DHR [20] and C-SSA 

[22] is shown in the Fig. 5.  From the Fig. 5, 

concluded that the ECMOSSA method has higher 

throughput when compared to the LEACH, GWO-

DHR [20] and C-SSA [22]. In LEACH protocol, 

packet loss is occurred through the network, because 

the remaining energy of the nodes are not considered 

during the CH selection process. But, the ECMOSSA 

used in the clustering and routing process considers 

the residual energy of the nodes to improve the 

throughput while transmitting the data packets from 

the source to the destination. 

6.1.5. Network lifetime 

In WSN, the network lifetime is calculated using 

3 metrics such as First Node Die (FND), Half Node 

Die (HND) and Last Node Die (LND). FND defines 

the first node which exhausts the energy over the 

network. Next, the HND defines the 50% node 

exhausts their energy in the network. Further, LND 

defines a 100% of node dies through the network and 

this LND used to identify the network becomes 

inoperative through the WSN. 

Fig. 6 shows the comparison of network lifetime 

for ECMOSSA method with LEACH, GWO-DHR 

[20] and C-SSA [22]. Here, the network lifetime is 

analysed in terms of FND, HND and LND. Fig. 6 

shows that the FND, HND and LND of the 
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Figure. 6 Performance analysis of network lifetime for 

ECMOSSA method 

 

ECMOSSA method is high than the LEACH, GWO-

DHR [20] and C-SSA [22]. For example, the LND of 

the ECMOSSA method is 1704 that is high 

whencompared to the LND of the LEACH. The 

lifetime of the LEACH is less due to its inappropriate 

CH selection and single hop data transmission. But, 

in the ECMOSSA method an appropriate fitness 

function formulation is derived for both the CH 

selection and multi hop routing process which leads 

to increase the lifetime of the network. 

6.2  Comparative analysis 

To justify the effectiveness of the ECMOSSA 

method, this ECMOSSA is compared with two 

existing methods such as GWO-DHR [20] and C-

SSA [22]. In this comparative analysis of ECMOSSA 

with GWO-DHR [20], 100 sensors are arranged over 

the network area of 100m × 100m. Subsequently, 

the base station is situated far from the network area 

i.e., (150,100). From the 100 sensors, a 5% of nodes 

are selected as CH to gather the information from the 

non-CH members and the collected information are 

transmitted to the BS.  

Table 2 and Table 3 shows the comparison of the 

ECMOSSA with GWO-DHR [20] for alive nodes, 

total energy, throughput and network lifetime. 

Additionally, the comparison of the ECMOSSA with 

C-SSA [22] for alive nodes, total energy, throughput 

and network lifetime are shown in the Table 4 and 

Table 5. The WSN with 50 sensors are considered to 

evaluate the performances of ECMOSSA with C-

SSA [22]. For example, the graphical illustration of 

lifetime metric for GWO-DHR [20] and ECMOSSA is 

shown in the Fig. 7.

 

 

Table 2. Comparative analysis of the ECMOSSA with GWO-DHR in terms of alive nodes, total energy and throughput 

Rounds Alive nodes Total energy (J) Throughput (Mbps) 

GWO-DHR [20] ECMOSSA GWO-DHR 

[20] 

ECMOSSA GWO-DHR 

[20] 

ECMOSSA 

200 100 100 38.48 43.70 10 16 

400 100 100 29.89 37.44 20 32 

600 100 100 21.45 31.25 31 48 

800 35 100 14.57 25.02 46 64 

1000 14 100 10.23 19.08 60 80 

1200 10 100 5.95 13.57 70 96 

1300 0 100 0 10.91 89 104 

 

 

Table 3. Comparative analysis of the ECMOSSA with GWO-DHR in terms of network lifetime 

Lifetime metrics GWO-DHR [20] ECMOSSA 

FND 671 1524 

HND 778 1612 

LND 1286 1704 

 

 

Table 4. Comparative analysis of ECMOSSA with C-SSA in terms of alive nodes, total energy and throughputs 

Rounds Alive nodes Total energy (J) Throughput (Mbps) 

C-SSA [22] ECMOSSA C-SSA [22] ECMOSSA C-SSA [22] ECMOSSA 

500 47 50 21.5 24.13 15 20 

1000 40 50 13 20.74 26 40 

1500 34 50 6.5 17.33 40 60 

2000 24 50 2.5 13.92 53 80 
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Figure. 7 Graphical illustration of the network lifetime 

comparison for ECMOSSA with GWO-DHR 

 

Table 5. Comparative analysis of the ECMOSSA with C-

SSA in terms of network lifetime 

Lifetime metrics C-SSA [22] ECMOSSA 

FND 250 2405 

HND 1995 3592 

 

 

From the comparative analysis, concluded that 

the ECMOSSA method provides better performance 

than the GWO-DHR [20] and C-SSA [22]. The 

GWO-DHR [20] has achieved less performance due 

to its inappropriate fitness function consideration 

during the CH selection. Additionally, the C-SSA 

[22] provides less performance due to its 

inappropriate CH selection using LEACH. In the 

ECMOSSA clustering, there are five different fitness 

values such as residual energy, intra cluster distance 

and distance from the CH to BS, node degree and 

node centrality are considered to detect an optimal 

CH between the sensors. Next, an appropriate route 

generation using the ECMOSSA is used for 

decreasing the energy depletion of the nodes. 

Accordingly, this ECMOSSA is used to obtain the 

better network lifetime when compared to the GWO-

DHR [20] and C-SSA [22]. The improved lifetime of 

the ECMOSSA is results high amount of data packet 

transmission to the BS. 

7. Conclusion 

In this research paper, the ECMOSSA is used to 

select an optimal CHs and generating routing paths 

through the WSN. There are five different fitness 

function values such as residual energy, intra cluster 

distance and distance from the CH to BS, node degree 

and node centrality are considered to select the 

optimal CHs. The selection of CH with higher 

residual energy is used to avoid the CH become dead 

while transmitting the data in a network. Additionally, 

the routing path is selected by considering the 

residual energy of the CH, distance from the CH to 

BS and node degree in ECMOSSA. Hence, the 

shortest path from the ECMOSSA is used to 

minimize the energy consumption of the nodes that 

results in better throughput. The results show that the 

ECMOSSA provides better performance than the 

both LEACH and GWO-DHR method. The last node 

dies (i.e., network lifetime) of the ECMOSSA is 1704 

that is high when compared to both the LEACH and 

GWO-DHR method. In future, the performances of 

the WSN can be improved by using novel 

optimization algorithms. 
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