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ABSTRACT 

Wireless Sensor Networks (WSN) has its own fame because of its excellence in its characteristics. Generally, 
the sensor nodes are more flexible, easy to design, user friendly and economical makes the WSN to be used 
for various applications. WSN can be used for various applications including Healthcare, Home Automation, 
Agricultural Monitoring, Border surveillance, Animal Habitat Monitoring etc. Though WSN has various 
merits, Energy consumption of wireless sensor node and enhancing the overall network lifetime is always a 
major challenge that has to be considered. Clustering mechanism helps to group the nodes and the node which 
is accessible to almost all the nodes in that particular group is elected as Cluster Head (CH). During cluster 
formation, there may be few nodes may not be a member of any of the cluster and is termed as Residual 
Nodes. Various clustering mechanism in WSN is presented in related work. This paper focusses on the 
analysis of lifespan of the network with effective utilization of such residual nodes to enhance the overall 
network lifetime. This proposed mechanism is termed as Network Life Time Enhancing Mechanism (NEM) 
and it is implemented using network simulator software.  
Keywords: Wireless Sensor Networks, Clustering, Residual Node, Optimization  

 
1. INTRODUCTION 

Wireless Sensor Network comprises of group of 
node in which each sensor node is equipped with 
one or more sensors, a controller, ADC and a 
power supply. WSN can be used for various 
applications. Based on the nature of the 
application, the sensor nodes can be either placed 
in a pre-defined location or it can be placed 
randomly for certain applications.  

Figure 1a: Placement of Sensor Node at Pre-
Defined Location 

For example, if WSN is used for applications like: 
Home Automation, Agriculture, Healthcare – the 
sensor nodes can be placed in a pre-defined 
location. Whereas for the applications like: 
Surveillance monitoring, Animal Habitat 
monitoring in Forest [1], Land Slide Detection, 
Military [2] etc., random placement of sensor 
node is the only possibility.  
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Figure 1b:  Placement of Sensor Node at in a 
random Location 

In Figure 1a), the sensor nodes are placed in a pre-
defined position, in which its latitude and 
longitude is known prior. The nodes can be 
tracked with reference to this pre-defined 
location. Whereas in Figure 1b), the sensor node 
is randomly placed. With the help of Beacon 
signals, the latitude and longitude can be 
predicted. Communication from sensor node to 
the designation is possible with hop-by-hop 
mechanism which is shown in Figure 2 [3]. 
Usually, the node which is nearer to the 
destination is the sink node that drains fast, as it 
acts as a forwarding node for all the nodes 
information [4]. Various mechanisms are 
available to avoid raw or redundant data 
transmission in order to enhance the network 
lifetime. Consider the second scenario in which 
the sensor nodes are placed in a random manner. 
Here clustering can be formed based on the 
distance between each node. Based on the 
accessibility of the nodes, Cluster Head (CH) is 
elected [5].  

 

Figure 2: Hop by Hop Communication in WSN 

Figure 3: Clus

tering Based WSN 

In Figure 3, it can be seen that, after cluster 
formation few nodes are not belong to any of the 
cluster and it is termed as a Residual Node. As 
residual node is always there in WSN, it is 
important to analyse the network lifetime while 
such residual nodes are handled in an efficient 
way [5]. This may further enhance the lifetime of 
WSN.  

The major problem identified in cluster formation 
of wireless sensor network is that, all the nodes 
will not be a part of cluster and some nodes may 
be left out nodes. Such residual nodes will play an 
important role in sensing and computing 
capabilities. This paper addresses the cause of 
residual node, its impact in wireless sensor node 
and measures to optimize it.  

The paper is organized as: Related works are 
discussed in Section II. Proposed system and 
Methods and Materials in Section IV and V 
respectively. Results and Discussions and 
Conclusion and Future Enhancement in Section V 
and VI.   

2. RELATED WORKS 

Various research works have been carried out for 
energy efficient cluster formation, data gathering 
and aggregation. The following are some of the 
cluster based protocol used in WSN:  

A. Low Energy Adaptive Clustering Hierarchy 
(LEACH) 
 
LEACH is a clustering protocol for self - 
organizing the nodes in WSN. In this protocol, the 
Cluster Head election is performed in a random 
manner with reference to the accessibility and 
higher energy level [6]. Once the CH is elected, it 
be advertised via broadcasting message as “Adv_ 
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message”. Data compression is performed by the 
CH. As only the compressed data is being 
transmitted to the sink node, the entire network 
lifetime is increased. The steps involved in 
LEACH protocol are: 
 

 Advertisement phase 
 Cluster Set-Up Phase  
 Steady State Phase 

 
Advertisement Phase: 

In the Advertisement phase, each and every 
sensor node chooses a random number m 
(0<m<1). A threshold value t(n) is fixed and 
compared with the chosen random number.  

If a node n1 chooses the random number which is 
less than the threshold value, then n1 becomes CH 
for the corresponding round. The Threshold value 
is given by Eq.1: 

𝑡(𝑛) =  ൞

𝑑௣

1 − 𝑑௣(𝑐௥𝑚𝑜𝑑 
1

𝑑௣
)

    𝑖𝑓 𝑛 ∈ 𝑁஼ு

0                            𝑒𝑙𝑠𝑒

 

(1) 

- n represents number of nodes in the network 
- dp is the desired % of the node to become a 
Cluster Head for that particular round 
- cr represents the current round  
- NCH is the nodes which is yet to become Cluster 

Head in the past 
ଵ

ௗ೛
 rounds [6]. 

The elected Cluster Head information is then 
broadcasted to all the nodes in the network.  
 
Cluster Set-Up Phase:  
 
Cluster nodes communicate with the 
corresponding Cluster Head stating that they 
belong to the corresponding CH. Through CSMA 
protocol, communication takes place. The same 
process is repeated for each cluster formation.  
 
Steady State Phase: 
 
Based on TDMA schedule, CNs communicate 
with the corresponding CH. So, each node has its 
own time period to transfer the sensed data to the 
CH. Once the CH receives all CNs data, data 
aggregation is performed and aggregated data will 
be communicated to the sink node. Sensor node’s 
radio is made OFF during non-transmission time 

[7]. In LEACH, Global information about the 
network is not available.   

B. Base-station Controlled Dynamic Clustering 
Protocol (BCDCP) 
 
BCDCP is a routing protocol in which Base 
Station performs computation operation [8].  
 
It is centralized protocol. The phases of BCDPC 
includes: 

 Set-Up Phase 
 Data Communication Phase 

Set-Up Phase 

In set up phase, the following operations will be 
performed: 

 Formation of Cluster   
 Election of Cluster Head  
 Communication between CH to CH 

routing path information  
 Schedule creation for cluster 

 
With the cluster splitting algorithm, cluster 
formation and Cluster Head election takes place 
with reference to the energy level of sensor node. 
This information will be available at the Base 
Station as well. The Cluster Head is elected in 
such a way that, it has to cover the maximum 
number of nodes in order to achieve better 
throughput [8].  
 
Average energy level of sensor node is estimated. 
Based on the average energy level, threshold 
value is fixed. Node with sufficient energy and 
maximum coverage is then elected as Cluster 
Head for that particular round [8]. BCDCP 
routing algorithm, uses Cluster Head to Cluster 
Head communication with reference to the 
shortest path between source and Base Station. 
With reference to the minimum spanning tree 
algorithm, shortest path is identified.  

Data Communication Phase 

Data communication phase involves three steps 
includes: 

 Gathering of data 
 Fusion  
 Routing of data 

A schedule criterion ID is created for all the 
sensor nodes by the Base Station. Using this ID, 
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cluster nodes send the sensed information to CH. 
Data fusion is performed to avoid collision. By 
hop by hop CH communication, the fused data is 
then transmitted to the Base Station. Neighbour 
node interference will be avoided using CDMA 
technique. As, periodical cluster formation takes 
place and there may be chances of residual node 
formation in the network.  

C. Data Routing for In-Network Aggregation 
(DRINA) 

In DRINA, for each and every node in the 
network, Routing tree and shortest path is 
predicted [9]. For routing tree constructions, the 
following assumptions are to be considered.  

 Collaborator Node 
 Coordinator Node 
 Relay Node 

Collaborator Node 

Collaborator Node is the one that gathers the 
sensed information of an event. It is then 
forwarded to the Coordinator node [10].  

Coordinator Node  

It is also termed as Collaborator node. Once the 
election process is over, it can be considered as a 
Coordinator node. It performs data aggregation 
and communication to the Base Station.  

Relay Nodes 

These are the nodes between the coordinator 
nodes and the sink nodes towards Base Station. 
Since it is a forwarding node, it is termed as Relay 
Nodes. The steps involved in DRINA protocol is 
as follows [10]: 

 Routing Tree construction  
 Election of coordinator/ Cluster Head 
 Data communication to the Base Station 

Upon receiving the nodes information, cluster 
formation takes place [10].  

D. A Novel Energy Efficient Cluster 

NEEC is one of the clustering mechanism in 
Wireless Sensor Networks [11]. Base Station 
initiates cluster formation. The node which 
receives maximum_reply for the request_message 
is elected as Cluster Head [11]. Also energy 
consumption and life span decide the election of 

Cluster Head. Here, Base station initiates the 
cluster formation once BS receives all nodes 
information like location, energy level, distance 
between nodes etc.  

In this mechanism, there may be chances of very 
less number of residual nodes during the cluster 
formation.  In order to route the sensed data, a 
route_request message is initiated by the nodes. 
With reference to the reply message, the shortest 
path will be fixed [11].  

 

E. Optimized Energy Efficient Routing Protocol  

OEERP is an Optimized Energy Efficient Cluster 
Based Routing Protocol. It works on the equal 
energy consumption of each node [12]. The 
following are the phases of OEERP: 

 Cluster formation  
 Data processing  
 Data Dissemination 

Cluster formation  

In OEERP, random manner of cluster formation 
and Cluster Head election takes place. Once 
Cluster Head is elected, it sends a cluster head 
election message to all the nodes in the network 
via advertising message. The nodes within the 
accessible range will receive the message and 
those nodes will send a reply message, indicating 
the request to join as a cluster node under the 
corresponding Cluster Head. Once cluster 
formation takes place, there may be some nodes 
without being a member of any of the cluster in a 
particular cluster formation. Whereas in the next 
round of cluster formation, it can be a member of 
any other cluster and even the corresponding node 
may become a Cluster Head as well [12]. The 
individual node may vary from one cluster 
formation to another cluster formation. This helps 
to maintain almost same energy level of all the 
nodes in the network. The limitations of OEERP 
includes: 

 The individual node may find difficulty 
to transfer the sensed data since it has to 
discover its neighbour, by sending more 
control messages. This results in more 
energy consumption  

 If any specific individual node lasts as a 
left out/ non cluster node, it may die 
earlier.  
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To overcome such difficulty and to ensure 
distributed energy dissipation, all the nodes 
should be given with equal chance to become 
cluster node as well as Cluster Head. Data 
processing is done after cluster formation.  

Data Processing 

Based on the application, each sensor node 
involves in sensing the required physical 
parameter. Upon receiving the sensed data, CH 
performs data aggregation to ensure that the 
required data is processed without redundancy 
[12]. The same process is repeated in a periodic 
manner.  

  

Figure 4: Network model of OEERP  

Data Dissemination 

Based on the dissemination, CH transmits the 
aggregated data to the base station for further 
decision making. In the specified dissemination 
interval, data aggregation process takes place at 
the Base Station [11].  

Figure 4 shows the network model of OEERP. It 
can be seen that there are various clusters with a 
Cluster Head for each cluster. It can be seen that, 
there are few residual nodes in the network which 
is not a member of any of the cluster [12]. But still 
these residual nodes are capable of sensing and 
transmitting the sensed data to the Base Station by 
finding the optimal path. In OEERP, the residual 
nodes are dynamic in each cluster formation 
resulting in balancing the energy.  

F. Enhanced - Optimized Energy Efficient 
Routing Protocol  

The Enhanced - Optimized Energy Efficient 
Routing Protocol focussed on reducing the 
residual node formation during clustering. But 
such nodes are still capable of sensing the physical 
parameters. It transmits the raw data directly to 
the Base Station with various control messages.  It 
may result in higher data loss, node failure at early 
stage.  A system is proposed to overcome an 
efficient utilization of such residual nodes and 
enhancing the network lifetime.  

Clustering mechanism in wireless sensor with its 
impacts is discussed in various research. Here 
some of the clustering algorithm is presented.  
Balanced energy efficient protocol that employs a 
multifactor K means and weighted correlation-
based clustering is introduced. Using KM- 
clustering is performed through weightage 
mechanism cluster head is elected [13]. For non 
uniformity in distribution of nodes in wireless 
sensor networks for the applications of Target 
Tracking, nodal based hierarchical dynamic 
clustering mechanism is proposed. Ranking based 
methodology is used to identify the importance of 
individual node, and its region with its weightage 
in terms of density and energy of the node. With 
reference to energy and ranking, hierarchical 
clustering mechanism is initiated [14]. 

In these existing systems, the research focussed 
on various clustering and aggression process in 
wireless sensor network is described. But still 
there the effective utilization of residual node is 
demanded for enhancing network lifetime.  

3. PROPOSED NETWORK ENHANCING 
MECHANISM 
 
The prime objective of the proposed Network Life 
Time Enhancing Mechanism (NEM) is to enhance 
the network lifetime by efficient utilization of 
residual nodes in the network.  From Figure 4, it 
can be observed that there are few residual nodes 
in the network. Such residual nodes are to be 
utilized in an efficient manner so as to improve the 
overall network lifetime. Figure 5 shows the 
proposed Wireless Sensor Network which 
consists of nodes including:  
 

 Sensor/Cluster Node (CN) 
 Cluster Head (CH) 
 Left – out Nodes/ Residual Nodes (RN) 
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Here, each nodes plays an important role in 
achieving the desired goal.  

Role of Cluster Node: 

Cluster Node (CN) senses the required physical 
parameter and transmit the sensed raw data 
directly to its corresponding Cluster Head (CH) 
along with time stamp.  

Role of Cluster Head: 

Cluster Head (CH) collects all Cluster Nodes 
(CN) raw data and check for redundancy. It 
removes the inappropriate or irrelevant or false 
data using Data Aggregation mechanism. Cluster 
Head then transmits the aggregated data to the 
sink node to reach the destination.  

As the Cluster Head performs: sensing, 
processing and communication of sensed data, 
Cluster Head may die earlier due to lack of its 
energy. As a result, the lifetime of such Cluster 
Heads will be reduced. 

Role of Residual Nodes: 

In Wireless Sensor Network, after cluster 
formation and Cluster Head election, it can 
noticed that, there are few left-out nodes which 
are not belonging to any of the cluster and is 
termed as Residual Nodes. In clustering 
mechanism, generally the Cluster Heads are 
overloaded, as it has sense, aggregate and 
communicate.  

Here, in the proposed NEM system, the residual 
nodes can be used as a Balancer node and it can 
be termed as CH – Balancer Node. Such CH – 
Balancer Nodes  can be used to coordinate with 
the Cluster Heads to forward the CHs data to the 
destination via sink node.  

 

Figure 5: Proposed NEM Network   

     Pseudo code: 

Create a WSN 
Identify the location 
Cluster formation 
Cluster Head Election  
Predict the Residual Nodes 
Sense an Event 
CN communicate to CH 
CH aggregates the data 
CH send to nearby RN 
RN forwards to the sink node 
Sink node to the Destination  
 
 

Figure 6 shows the flowchart of the proposed 
NEM model. It can be seen from Figure 6 that, 
Residual node acts as a CH- Balancer node for 
transmitting the CH aggregated data to the Base 
Station.  
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Figure 6: Flowchart of the Proposed NEM Network   

4. METHODS AND MATERIALS 

For the effective NEM model, Particle Swarm 
Optimization (PSO) is implemented for cluster 
formation and Cluster Head election. Cluster 
formation takes place using PSO in order to 
minimize the residual node formation [5]. It is 
understood that complete elimination of residual 
node is bit difficult but still efficient utilization of 
such residual node is possible with the help of 
proposed NEM model. 

Particle Swarm Optimization:  

By Kennedy and Eberhart in 1995 [12], Particle 
Swarm Optimization (PSO) was termed as a 
random optimization mechanism which is a 
population-based technique. With the inspiration 
of bird flocking and fish schooling behaviour, 
PSO was developed. Solution for complex non- 
linear problem was demonstrated with reference 
to bird’s flock behaviour. For any specific swarm 
also, solution was provided. PSO is a 
computational technique in which it provides 
solution to a problem through various iterations 
until the required metric is attained.  

For the problem based on the population, PSO 
provides solution through mathematical formula 
using velocity and position of the particle. In each 

iteration, velocity and location of the particle is 
updated with reference to: 

 current  velocity 
 local_best and global_best position of 

the previous iteration [15-17] 

Based on it, new_position and new_velocity are 
updated. For every iteration, the same procedure 
is repeated.  

PSO is initialized with the random particles. 
Optimal solution is predicted by updating the 
generations. For each iteration, the particle with 
maximum value is considered. The first maximum 
value is assumed to be the ‘fitness’ value, which 
is referred as the best solution and is termed as 
pbest. With particle swarm optimizer, next best 
value will be predicted. The maximum value 
attained in the entire swarm population is gbest. 
The particles which assumes its topological 
neighbours as lbest [17].  

Estimation of number of clusters in a network: 

Let us consider the sensing field with vertices 
(X,Y). Assume that the sensing is segmented into 
various smaller portions of equal size and let its 
vertices be (x,y) and radius be r. The number of 
clusters formed can be given as: 

𝑛௟ =
௑௒

௫௬
   (2) 

where, XY- Area of the sensing field & xy- area 
of a single cluster. Assume x=y=l, then Eq. 2 can 
be written as:  

𝑛௟ =
𝑋𝑌

𝑡ଶ
 

(3) 

From the right-angle triangle, the radius r can be 
given as: 

𝑟 = ට(
𝑦

2
)ଶ + (

𝑥

2
)ଶ 

(4) 

On solving the above equation by substituting 
x=y=l/2, Equ. 4 can be given as:  

𝑟 =
𝑙

√2
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(5) 
𝑙 = 𝑟√2 

(6) 

 

Figure 7: Cluster formation in the sensing field  

 

Therefore, the number of cluster formation in the 
given area is:  

𝑛௟ =
𝑋𝑌

2𝑟ଶ
 

(7) 

which is for the lower bond. The number of 
clusters in upper bond as:  

𝑛௨ =
𝑋𝑌

𝑥𝑦
+  

𝑋

𝑥
+

𝑌

𝑦
 

(8) 

Let x=y=l, X=Y and 𝑙 = 𝑟√2, Eq. 8 can be given 

as: 𝑛௨ =
௑మା√ଶ௑௥

ଶ௥మ  

(9) 

The average number of cluster formed is: 

𝑛௔௩௚ =

𝑋𝑌
2𝑟ଶ +

𝑋ଶ + √2𝑋𝑟
2𝑟ଶ

2
 

(10) 

Particle Swarm Optimization based cluster 
formation: 

After sensor node placement in the sensing field, 
info_request message will be broadcasted by the 
Base Station to all the sensor nodes. Upon 
receiving, all nodes send info_reply message to 
the Base Station. The reply message includes: 

 Geographical location (x,y) 
 Average velocity (v1) and current 

velocity of the node (v2) 
 Node’s energy level (E) 

These three parameters will be maintained at the 
Base Stations. Base Station, then initiates cluster 
formation with the help of PSO. Here, each node 
is considered as a particle. Based on the neighbour 
node, cluster formation will take place. Nodes are 
allowed to form clusters until maximum number 
of nodes become member of any of the cluster 
with minimal residual node.  

Let M be the number of the particles (sensor node) 
in the sensing region/ sample space i.e 𝑀 =
{1,2,3, … . 𝑛}. With reference to the location (x,y) 
and velocity (v1, v2), particles are created. The 
fitness function can be related with: 

 Particle’s Energy (EM) 
 Energy of the particle (p) within the 

radio range 
 Distance between the particle and 

particular particle (p) 

The node which is accessible to more number of 
sensor node is assumed as Cluster Particle (CP) or 
Cluster Head (CH).  The fitness value of every 
particle is estimated using [17]:  

𝐹௣ = ɑଵ𝑥ଵ + ɑଶ𝑥ଶ + ɑଷ𝑥ଷ 

(11) 

where, 0 <ɑଵ<1; 0 <ɑଶ<1 and ɑଷ=1-ɑଵ-ɑଶ 

𝑥ଵ =
∑(𝐷ெ − 𝐷௣)

𝐶௡

 

(12) 

where, (𝐷ெ − 𝐷௣) is the distance between the 
particle and Mth node. Cn is the no. of cluster 
nodes with in the range of particle p.  
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𝑥ଶ =
𝐸௔௩௚(𝐶௡)

𝐸(𝑝)
 

(13) 

𝑥ଷ =
1

𝐶௡

 

(14) 

The updated velocity can be given as:  

𝑣௨ = 𝜔𝑣௧ିଵ + 𝜔ଵ(𝑝௧ିଵ − 𝑝௧) + 𝜔ଶ(𝑝௧ିଵ ∗ 𝑝௧) 

(15) 

where, 𝜔 – weight of node velocity, 𝜔ଵ and 𝜔ଶ – 
weight of node location, 𝑝௧ିଵ 𝑎𝑛𝑑 𝑣௧ିଵ are 
previous position and velocity respectively and 
𝑝௧is the current position of the particle.  

The particle’s new location can be given as:  

𝑝௨ = 𝑝௧ିଵ + 𝑣௨ 

(16) 

For each iteration, fitness value is calculated. The 
fitness which is maximum in each iteration is 
termed as local_best and in all iteration is 
global_best [19]. Fitness value of all particles are 
considered for the iteration where global_best  is 
attained. Maximum fitness value nodes are taken 
for cluster formation. The global_best  
information is broadcasted to all Cluster Heads. A 
threshold is set to the fitness value: 

𝐹் =  
𝐹௠௔௫

2
 

(17) 

     Pseudo code: 

1. Create a WSN 
2. Initialize the particles 
3. Calculate the fitness for each particle 
4. If fitness F>pBest? 
5. Assign current fitness as pBest 
6. Else maintain previous value  
7. Assign best among pBest as gBest  
8. Predict the velocity of each particle 
9. If maximum value attained? 
10. Stop  
11. Else Step 3 
 

Here, cluster formation is performed based on the 
fitness value. This helps to reduce the number of 
residual node formation. Such residual nodes will 
coordinate with the Cluster Head and carry 
forward the CHs aggregated data to the Base 
Station. By Network Enhanced Mechanism, the 
effective utilization of such residual node helps to 
improve the overall network lifetime.  

Gravitational Search Algorithm: 

In Wireless Sensor Networks, transferred the 
sensed data in the optimal path helps to enhance 
the overall network lifetime. Gravitational Search 
Algorithm is an optimization algorithm is used in 
the proposed Network Energy Management 
model to identify the optimal path between the 
source and destination.  

The source node initiates the route construction by 
finding the best next hop. The source node sends 
a route_request message is sent to all its nearby 
nodes. This message includes node’s location, 
velocity and energy level. Upon receiving this 
message, each and every node will start replacing 
their node information and forward to its 
neighbours. The same process is repeated until all 
the nodes information are updated. This 
information will be updated by all the Cluster 
Nodes, Cluster Head and Residual Nodes in the 
network. The concept of Gravitational Search 
Algorithm is used in finding the next best hop.  

Gravitational Search Algorithm works on the 
principle of Newton’s Law of Gravity. It states 
that, "Every particle in the universe attracts every 
other particle with a force that is directly 
proportional to the product of their masses and 
inversely proportional to the square of the 
distance between them". It can be written as [20]:  

𝐹 = 𝐺 ൬
𝑀௔𝑀௕

𝑅ଶ
൰ 

(18) 

where, F is the force of the particle; G = 6.8x10-11 
m3 kg-1s-2 which is a gravitational constant 
[21][22]. 

Ma and Mb are the masses of particles.  

R is the distance between the particles.  

Using PSO, cluster formation and Cluster Head 
election takes place. All cluster nodes send the 
sensed data to its corresponding Cluster Head for 
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Data Aggregation. With GSA, Cluster Head 
predicts the next best hop. When the force of 
attraction between the nodes are higher with 
reference to Eq. 18, such node is the next best hop. 
Similarly, next best hop will be predicted with 
reference to the force and predicting the shortest 
path. Here shortest path is constructed among 
Cluster Head and Residual Nodes in the network. 
The communication between the nodes using 
route_request  and  route_reply  message.   

5. RESULTS AND DISCUSSIONS 

In the proposed NEM, it is essential to analyse the 
overall network lifetime. As NEM is an extended 
version of E-OEERP mechanism, it is essential to 
compare the Residual node formation during 
clustering. The residual node formation is then 
compared for various iterations of E- OEERP. 
The proposed NEM is then further compared with 
the various existing protocols like LEACH, 
BCDCP, DRINA, NEEC and OEERP. 

Table I Assume Network Parameters 
Parameter  Value 
No of Nodes 100 
Sensing Region 200*200m 
Initial Energy of the sensor 
node 

200J 

Radius of cluster  30m 
Sensing Range 36m 
Packet Size 512 Bytes 
Transmission Power  0.02 Watts 
Received Power  0.01 Watts 
Packet Generation Interval 0.1 sec 
Transmission Rate 409Kbps 

 

Table I shows the various parameters for 
constructing a WSN. 

 

Figure 8: Comparison on Residual Node 
formation  

 
Figure 8 shows the Residual node formation 
among various protocols.  
 

 
Figure 9: Residual Node formation for various 

Iterations  
 

In the proposed NEM model, it is essential to 
compare the residual node in among various 
iterations. Figure 9 shows the number of residual 
nodes formation during different iterations. It can 
be seen that with the efficient implementation of 
PSO algorithm, there is 1% to 3% of nodes are the 
residual nodes in the proposed NEM model. 
Using GSA algorithm, these residual nodes are 
used as a supportive node for various Cluster 
Nodes or Cluster Heads to transfer the aggregated 
data to the Base Station. The proposed NEM 
performance can be measured on different metrics 
to ensure the overall network life is enhanced. Fig 
10 shows the Total Energy Consumption of 
various protocols at different iterations. It can be 
seen that the proposed NEM model, the overall 
energy consumption is lesser than various existing 
protocols.  
 

 
Figure 10: Total Energy Consumption at various 

iterations 
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Figure 11: Throughput at various iterations 

Figure 11 and Figure 12 shows the Throughput 
and Packet Delivery Ratio respectively. It can be 
seen that the NEM shows better performance 
when compared to the various exiting protocols. 
This is because of the efficient cluster formation, 
routing via shortest path. Figure 13 shows the 
overall network lifetime of the proposed and the 
existing systems. It is clear that with the proposed 
system, the overall network lifetime is improved.  

 

Figure 12: Packet Delivery Ratio at various 
iterations 

 

Figure 13: Overall Network Lifetime at various 
iterations 

With the implementation of PSO, effective cluster 
formation is performed with minimal residual 
nodes in each iteration and is shown in Fig. 9. 
GSA is implemented for effective computing 
capability is ensured between all nodes in the 
cluster including residual nodes in the network.  
effective utilization of residual node, overall 
energy consumption is drastically reduced in tern 
enhances the network lifetime.  The research work 
can also be enhanced by focusing on integrating 
the system with Machine Learning algorithm for 
better performance. 

6. CONCLUSION AND FUTURE 
ENHANCEMENTS  

The Network Lifetime Enhancing Mechanism 
(NEM) for Wireless Sensor Networks (WSNs) is 
presented in this research work. WSNs are highly 
prone to failures due to their energy constraints, 
making it a challenging task to improve overall 
network lifetime through energy-efficient 
mechanisms. The proposed NEM is an enhanced 
version of E-OEERP. While E-OEERP focuses on 
residual node formation, NEM demonstrates how 
these residual nodes can be utilized more 
effectively. By acting as balancers for the Cluster 
Heads (CHs), residual nodes contribute to 
stabilizing energy consumption across the 
network, thereby prolonging the overall network 
lifetime. However, several open issues remain for 
future research includes enhancing the analysis of 
Cluster Head lifetime across each iteration, 
designing more energy-efficient clustering 
algorithms, developing dynamic role allocation 
strategies for residual nodes and Cluster Heads, 
integrating machine learning approaches for 
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intelligent decision-making, Exploring 
application-oriented implementations of the 
proposed mechanism. 
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