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Abstract— The major challenge in Wireless Sensor Networks (WSN) is to increase the node’s lifespan and decrease energy utilization.
To avoid this issue, many Clustering Routing Protocols (CRPs) have been developed, where Cluster Head (CH) in each cluster accumulates
the data from each other node and transfers it to the sink through Relay Nodes (RNs). But both CHs and RNs dissipate more energy to aggregate
and transfer data. As a result, it is vital to choose the appropriate CHs and RNs concurrently to reduce energy utilization. Hence, this article
proposes a Weighted Markov Clustering with Dual Leader and Relay node Selection based CRP (WMCL-DLRS-CRP) in WSNs. This protocol
aims to lessen energy dissipation during inter- and intra-cluster communication. Initially, a Markov Clustering (MCL) algorithm is applied by
the sink to create nodes into clusters based on a threshold distance. Then, a dual leader selection scheme is proposed to elect dual CHs in each
cluster according to the node weighting factor that considers the node’s remaining energy, the distance between CHs and sink, the distance
among all nodes, and abundance. Also, an RN selection scheme is proposed to choose the appropriate RNs based on a new Predicted
Transmission Rate (PTR) factor. Moreover, the elected RNs transfer the data from the CHs to the sink, resulting in a tradeoff between the
node’s energy utilization and lifetime. At last, extensive simulations illustrate that the WMCL-DLRS-CRP achieves better network performance

compared to the existing protocols.
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I. INTRODUCTION

WSN is a system that collects data from numerous sensors
placed throughout a specific region [1-3]. Each sensor's task is
to fetch data and forward it to a central hub, which will then
forwards it for analysis. The sensors in a network typically cover
a large area, but each sensor has a finite amount of power and is
deployed at random [4]. As a result of this uneven distribution,
data transmission rates vary across industries. Data correlation is
high in high-density sectors, while coverage issues arise in low-
density sectors due to the early demise of individual sensors.
Research into wireless sensor networks has been conducted in
various contexts, from military [5-6] and environmental
monitoring [7-8] to industrial process control [9-10] and home
monitoring [11-12]. The amount of energy used by data
transmission within a network is a major concern for all WSNs
because it affects the lifespan of sensors' batteries [13]. As a
result, developing efficient routing protocols that use little power
is a focus of research. CRPs have proven to be the most effective
means of increasing network lifetime [14]. These protocols
comprise two major phases: cluster creation and CH selection.
In CRPs, nodes form clusters based on specified criteria, and a
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few nodes are chosen as CHs. Each node can connect directly
with close CHs rather than forwarding all data to a more remote
sink node [15-18].

To maximize the network's longevity and reduce the amount
of energy wasted by the nodes, clustering can either be fixed or
adaptive. CH selection schemes can be centralized at the sink,
disseminated at the node level, or hybrid. CRPs should aim for
an equilibrium between maximizing network stability and
maximizing coverage efficiency [19]. There have been
numerous efforts to reduce energy usage while increasing
network efficiency, scalability, and data routing. LEACH [20]
and its variants TEEN [21], APTEEN [22], PEGASIS [23], and
HEED [24] are the most popular clustered routing protocols for
WSNs. The process by which these protocols build clusters,
choose CHs, and transmit sensor information to the sink varies.
Currently, the MCL-BCRP has been explored, wherein clusters
were formed and CHs were chosen according to sensor location
and residual energy [25]. When compared to HEED, LEACH,
PEGASIS, and TEEN, this MCL-BCRP has superior network
longevity and coverage.
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From this viewpoint, Abbad et al. [26] developed an
enhanced MCL called the Weighted MCL-BCRP (WMCL-
BCRP), wherein the CH was chosen by the weighting sensors
based on the abundance and remaining energy of the sensor
nodes. It can enhance the flexibility of complex networks by
handling sensor distribution randomness and non-uniformity
(heterogeneity) precisely. Based on the resultant sensor
abundance in various network regions, energy utilization was
controlled. Also, the transmission of redundant information in
node-dense zones was decreased, and node-sparse zones were
preserved for longer by decreasing the system's mean energy
use. The amount of dead nodes were kept controllable, and the
network longevity was increased in contrast with the classical
CRPs. Nonetheless, the effectiveness between weighting and
non-weighting the CH choice was not satisfactory whilst
considering the WSNs having uniform (homogeneous) node
distribution. Also, the CHs aggregate sensor nodes’ information
and send it to the sink through RNs, which should dissipate some
energy to transmit data between the source nodes and the CH.
This causes an energy balance problem in the RNs and CHs.

This study focuses on solving these problems by selecting
the optimal dual CHs and RNs that can balance the energy
utilization in the WSNs with both uniform and non-uniform
node distributions. Therefore, in this manuscript, the WMCL-
DLRS-CRP is proposed to compromise energy usage in each
node and maximize the network longevity effectively. The major
contributions of this study are the following:

e  First, centralized cluster formation is performed based
on the MCL algorithm, which assembles adjacent nodes
into clusters according to a threshold distance. This task
is conducted by the sink node only after the expiration
of an attractor (i.e., vertices in a graph that attract simple
vertices to create clusters), which saves energy during
cluster formation.

e Second, dual leader selection is proposed that chooses
two distinct CHs (i.e., primary and secondary CHS) in
each cluster based on their remaining energy, Euclidean
distance between all nodes, distance between the CH
and sink, and abundance. These parameters define a
novel metric called a node weighting factor. One CH is
used for aggregating information and another is used for
transferring information. This can lessen energy
utilization during both intra- and inter-cluster
transmission.

e Third, an RN selection is proposed to elect optimal RNs
according to the PTR factor, resulting in balancing both
energy utilization and lifetime for WSNs.

e Moreover, the nodes in every cluster transfer
information to the nearest CH based on the Time

IJRITCC | July 2023, Available @ http://www.ijritcc.org

Division Multiple Access (TDMA) scheduling. The
CHs aggregate the received information and send them
to the sink through the decided RNs in Channel Division
Multiple Access (CDMA) scheduling. Accordingly, this
WMCL-DLRS-CRP can increase energy efficiency by
handling both uniform and non-uniformity of the node
distribution in the WSN.

e Finally, the NS2 platform is considered, and results are
achieved to comprehend the performance of the
WMCL-DLRS-CRP regarding Packet Delivery Ratio
(PDR), End-to-End Delay (E2D), energy utilization, and
network lifespan.

The rest of the manuscript is prepared as follows:
Section Il gives the literature survey. Section Il discusses
the WMCL-DLRS-CRP and Section IV exhibits its
performance. Section V outlines the findings.

Il. LITERATURE SURVEY

This section reviews recent energy-efficient CRPs developed
by many researchers to guarantee network longevity and energy
efficiency.

An Energy-Efficient Reliable Routing Algorithm [27] based
on DS evidence theory (DS-EERA). Initially, different attribute
indexes were created as evidence by accounting for the adjacent
nodes’ remaining energy, traffic, proximity of their route to the
direct route, and so on. After that, the entropy weight scheme
was used to calculate the weight of such indexes. The merging
policy of DS evidence theory was adopted to combine the basic
probability assignment function of all indexes to choose the next
hop. But it needs to cluster the network and choose the optimal
CH for improving the network's lifetime.

An Energy-Aware Distance-based CH selection and Routing
(EADCR) [28] protocol is used to enhance the WSN lifespan
depending on the fuzzy C-means method, the remaining energy
of the nodes, their relative Euclidean distances from the Base
Station (BS), and the cluster center. A novel clustering method
was applied, in which the CH was chosen depending on the new
fitness function. On the other hand, the node density and other
factors must be considered for CH selection.

Improved Energy-Efficient CH selection protocol [29] called
IE2-LEACH in WSNs to find the CH based on the minimum
level of energy consumption. Initially, the setup stage in the
LEACH protocol was modified to choose CHs according to the
transmission cost with BS, remaining energy, location, and
network size. The redundant data transmission was avoided by
detecting many vices for all CHs. Moreover, the scheduling
strategy was used to place the CH and its vices correctly. But it
did not consider the steady-state stage to maintain the cluster and
routing path.
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The LEACH and Quadrant cluster-based LEACH (Q-
LEACH) [30] to decrease energy utilization and obtain more
suitable coverage. The remaining energy and the distance from
the centroid of all nodes were determined by the BS for each
alive node in all clusters to elect the CH. But it did not consider
other factors like node density and node load to further improve
the CH selection. A Trust Management-based and LEACH
(LEACH-TM) [31] protocol in WSNs. The cluster size was
limited to enhance energy efficiency and prevent additional
energy utilization of a node based on the number of adaptive
decision CH nodes, remaining energy, and density of adjacent
nodes. Also, the TM method was applied to mitigate internal
attacks. But further enhancement was needed to choose the best
RNs for increasing network longevity.

An improved energy-efficient CRP by electing RNs in
WSNs [32] to decrease the long-distance transmission between
CHs and BS. The node information merging method was used
with the selected RNs to decrease the packet count in
information exchange. But other factors, like node density, etc.,
were needed to choose the optimal CH efficiently. An energy use
optimization-based CRP [33], in which the network was
gridding by a hexagon. The CHs were chosen depending on the
remaining energy of nodes and their distance from the centroid
of the hexagon. For CHs, the adaptive time slot allocation
method was used to assign a time slot for their cluster members.
Moreover, the Dijkstra algorithm was applied to create the direct
route between CHSs in inter-cluster transmission, reducing the
distance of data transfer. But it did not analyze the PDR and
E2D.
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A hybrid-LEACH protocol [34] is used to increase cluster
performance by applying direct transmission of nodes, which are
close to BS. All clusters have a vice CH along with the CH to
decrease data loss. But it needs to consider other factors like
node density, energy utilization, etc. for CH selection. An
energy-efficient CRP by utilizing hybrid fuzzy with grey wolf
optimization in WSNs [35] to choose CH. It considered the
remaining energy, node centrality, and neighborhood overlap
when electing the node as a CH. However, it must elect RNs to
further reduce energy consumption and delay in data
transmission. A fuzzy-based cluster routing protocol in WSN
[36] that utilizes network zoning and node remaining energy
factors, node distance to the centroid of all zones, and node-to-
BS angle as fuzzy input to elect CH. But other factors such as
network density, etc., to select the CH efficiently.

From the literature, it is apparent that many academics
developed energy-efficient CRPs in WSNs using many criteria.
None of them selects both CH and RNs simultaneously to
efficiently minimize energy utilization and maximize network
longevity. In contrast with those protocols, the WMCL-DLRS-
CRP is a new protocol for improving the energy conservation
and lifespan of the WSN with uniform and non-uniform node
distribution.

I1l. PROPOSED METHODOLOGY

This section briefly describes the WMCL-DLRS-CRP,
which includes two phases as shown in Fig. 1: (i) the centralized
configuration phase and (ii) the distributed communication
phase.

Distributed Communication
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Figure 1. Overall Flow of Proposed Study
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A. Network Model

Consider N sensor nodes positioned in the region as
illustrated in Fig. 2, and prepared the below assumptions:

1. Each node and sink node is static nodes with equal
capabilities and importance.

2. All nodes can handle any kind of traffic and the sink
does not expire.

3. The initial energy is dispersed equally for each node.

4. Every node has a predetermined transmission power and
will modify it according to the distance of the under-
radius receiver.

5. All nodes can compute distance with the help of
Received Signal Strength (RSSI) and all node-to-node
connections are symmetric.

6. Each node runs in both sensing and transmission modes.

7. The neighboring nodes are identified to be correlative.
As a result, the CH aggregates information acquired
from its adjacent cluster into predetermined-size data.

B. Energy Utilization Model

A simple energy utilization model is adopted for data
transmission in WSNs. The node radio dissipates E.;, to
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Lt \
a
8
~
-

operate its transmitter or receiver system. The energies needed
to strengthen transferred signals in the free-space and multi-
path models are represented by E¢s and Eyy,;,, correspondingly.
So, to send a g-bit data over a distance d, the transmission
module consumes

Erx_cie(9) + Erx_f5(g,d), d <d,

ETX(g' d) = {E e E I d d > d (1)
rx—ete(9) + Erx—mp(g, d), =dy

_(Eee*g +Epsxg*d®, d<d, )

- Eee g+ Eppxg+d*, d=d, )

InEq. (2), dy = /EfS/Emp denotes a threshold distance. To

get a g-bit data, the transmission module consumes

Erx(9) = Erx-cie(9) 3)
=FEge*g (4)

An energy consumed on data processing is trivial than the
utilization in information transfer. But data accumulation by all
CHs is an energy-intense process, and for a g-bit data, it is
calculated by

Epa(9) =Epaxg )

In Eq. (5), Ep4 denotes the energy utilized per bit for data
aggregation in all CHs.

Sensor node
Primary CH node
O Secondary CH node

O Relay node

—— Intra-cluster transmission
—» Inter-cluster transmission

-
Fhe -

Figure 2. WSN Architecture using WMCL-DLRS-CRP

C. Weighted Markov Clustering-Dual Cluster Head and
Relay Selection

The major concept of MCL is that when a walk begins
arbitrarily from one node to another, a huge probability of
walking is exist in a similar cluster than traveling to the other
cluster. So, clusters are found by discovering variations in the
node density of the flow space. With this fact, the WMCL
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algorithm is applied [26] for cluster formation to enhance
energy management in WSNSs. It enables only a percentage of
the nodes in each cluster to transmit data to the CH. This
algorithm involves two phases:

1. Centralized configuration phase: It is performed by the
sink and triggered each time an attractor expires, requesting
network reconfiguration.
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2. Distributed communication phase: It defines each data
transmission in the network, from specific nodes to their CHs
and from CHs to the sink via RNs.

1) Centralized Configuration Phase

Itis the initial step in establishing the WSN structure, which
is managed by the sink node. This should be done before
transmission between nodes and the sink node is initialized.
This phase involves network matrix modeling, MCL, and
topology distribution [26].

1. Network matrix modeling: The MCL approach takes
the network matrix as the input. Every node sends its positions
to the sink with the help of GPS units to calculate the Euclidean
distance among each node. An average distance is defined by
davg — (dmin + dmax)/z (6)

In Eq. (6), dyin and d,y,q, are the minimum and maximum
Euclidean distances among the nodes, correspondingly. The
threshold distance is a factor of node distribution over the
sensing region and is calculated as:

d
dep = avg/] (7)
In Eq. (7), I is a positive integer. Moreover, a matrix M
related to the WSN comprising N nodes is described by

y=1..,N (8)

{1, dxy < dth

WooA0, dyy >dp

2. Markov clustering: It splits the WSN into clusters by
determining the Markov matrix created from M . After
clustering, the sink discards the cluster smaller than n% of node
density and allocates its nodes to adjacent clusters.

3. Configuration distribution: For all clusters, the sink
calculates the minimum energy below which a node should
declare its expiration to the remaining clusters. To differentiate
between node-sparse and node-dense areas, the sink computes
a threshold value. Each node is then given the following initial
density:

den, =1+ (%) 9)

In Eg. (9), N, denotes the number of alive adjacent nodes of
node x within a specified range, and x = 1, ..., N. The network
density threshold is calculated by

N
deny, = Zx=L0 (10)

Here, den,, is modified every interval the WSN is
restructured. Eventually, the sink distributes these different
factors as a configuration message to each node in the network.
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2) Distributed Communication Phase

Consider both inter- and intra-cluster transmission in
WSNs. In an intra-cluster manner, the transmission between
various nodes and their CHs is allowed by the TDMA scheme,
i.e. all nodes are allocated a timeslot to send their data to the
CH. In an intra-cluster manner, the CDMA scheme is utilized
rather than enabling multiple CHs to forward the accumulated
information to the sink. This phase is performed in regular
intervals, namely rounds. Every round has setup and steady-
state steps.

a) Setup Step (Dual CH and Relay Node Selection)

In this step, the following processes are performed before
data transmission.

1. Remaining energy distribution: All nodes broadcast
their remaining energy via distributing it based on
earlier TDMA scheduling or broadcast its expiration
while their remaining energy hits the threshold
determined during setup. So, nodes in every cluster
adjust the remaining energies and their cluster table by
removing nodes acknowledged dead.

2. Dual CH selection: In this new WMCL-DLRS-CRP,
two CHs are chosen for every cluster: (i) a Primary CH
(PCH) for data aggregation and (ii) a Secondary CH
(SCH) for data transmission. The CHs are chosen
according to the four parameters including the
remaining energy of the node, the distance of the node
from the sink, the distance of the CH from the other
nodes in the cluster, and the abundance (node
distribution). The remaining energy is measured and the
nodes having more remaining energy have a greater
chance of being chosen as CHs. The energy utilized on
intra-cluster transmission relies on the distance of the
CH from the other nodes in the cluster. So, it is
measured when determining the candidate of a node to
be the CH. Because the amount of energy used in
transmitting information from the CH to the sink relies
on the distance between them, it is also an essential
factor to choose the CH. Additionally, CHs in dense
areas preserve nodes’ remaining energy because the
distance between nodes and their CHs is normally
small. So, it is vital to differentiate low and high-density
(abundance) areas in the network for CH selection.
Therefore, the fitness of a node to be chosen as the CH
is determined as the mean weighted sum of these
factors. In i** cluster having NS nodes, the fitness
(Fiy) of y™ node to be either PCH or SCH is
determined as follows:
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ETS™ 1 anem den;
wq % + w; C + w3 SLLZ; =+ Wy denmlélfg.n
F.. = t i sink L
Ly 4 )
y=1,.,N"™;i=1,...c (11)
In Eq. (11), w,,w, w3 w, denote fixed weighting

variables, E/ ;™ is the remaining energy of y in i, E[***" is the
mean remaining energy of the nodes in i, C; ,, is the centrality
factor for y in i, dgzy* denotes the mean distance of the nodes
in i from the sink, d;’i’,'lk is the distance of y in i from the sink,
den;, is the density of y in i, den{**®" denotes the mean
density of the nodes in i, and ¢ represents the overall quantity

of clusters in the network.

Here, E[™", d7iei™, and den[**" are determined by

sink;
pmean — 1 Nidus prem (12a)
i - Niclus y=1 iy
mean _ _1 Nftes Ly
sink; Niclus Zylzl dsink (12b)
denmean — 1 Nidusd 12
en; = nelus Ay=1 eni,y ( C)
L
The centrality factor (C;, ) is calculated by
Ci,y =
1 N'clus =1
, i
SN g2 =, e, " ?
W , orelse’ Y S x5
NETs g
z#y
(13)

In Eqg. (13), § is normalization constant, and d;.” is the
Euclidean distance between nodes y and z in i cluster.

The fitness of y** node in i*" cluster to be the PCH (F/)) is
determined by Eq. (3.11), such that providing 100% weight to
the E7J™, 50% weight to the C;,,, 2% weight to the d- ., and
25% weight to the low-abundance (or 50% weight to the high-
abundance) clusters. Similarly, to obtain the fitness of yt" node
in i** cluster to be the SCH (F,), Eq. (3.11) is calculated by
providing 100% weight to the E/>™, 5% weight to the C; ,,, 20%
weight to the d,, and 15% weight to the low-abundance (or

25% weight to the high-abundance) clusters.

The node with the maximum F/, is considered Fip”e“ and
the node with the second maximum F/}, is considered Eext,
Likewise, the node with the maximum ny is considered Fisbe“
and the node with the second maximum F?, is considered
F et After that, the PCH and the SCH are chosen as follows:
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FPbest lf FPbest +* Fsbest
i ’ i i
PCH; = Finest, lf Fvinest — FiSbest &Eimean <01 (14)
Prex Ppest _ pShes
Fi t, fFlb t_Fib t&Eimean>0.1
I;;Sbest’ lf Finest +* Fisbest
SCH[ - Fisnext’ lf Finest — Fisbest &Eljmean S 01 (15)

F_Sbest’ f Finest — Fisbest &Eimean > 0.1

4

3. Relay node selection: Once the PCH and SCH are
successfully elected, a novel factor named PTR is introduced to
predict the link quality and node status for choosing the best
RN. It is utilized to define the ability of a node to transfer how
many packets to another node. The PTR can be defined by
remaining energy, transmission power, and link quality. A node
with a high PTR value has a high chance of becoming a RN. To
measure the link quality between nodes y and z in i, an
Expected Transmission Rate (ETR) is defined by
ETRY” = :

~ fPDRY*xrPDRY*

(16)

InEq. (16), fPDR;* is forward PDR and rPDR;” is reverse
PDR from y to z in i. The forward PDR refers to the amount of
data effectively delivered at the receiver, and the reverse PDR
is the effective acceptance of the ACK (acknowledgment).
Therefore, once a node gets data from its adjacent node, the
PTR is computed as:

RE]E™

PTRY" = —57—2—— a7)

"~ ETRY*xErx(g.d)

In Eq. (17), RE{;™ represents the remaining energy of node
yiniand E;x(g,d) is computed by Eq. (2). The node having
the maximum PTR is elected as a RN for effective data transfer.

After electing both CHs and RNs, the sink confirms the
TDMA scheduling for intra-cluster transmission in all clusters.
The data about the CHs, the TDMA lists, and the RNs for SCH
is broadcast by the sink to each node through control packets.
Thus, it ends the setup step.

b) Steady-State Step

In the steady-state step, intra- and inter-cluster
transmissions are conducted. In intra-cluster transmission, data
is collected by each node and transmitted to the PCH in their
scheduled interval based on the TDMA scheme. After, the PCH
aggregates the collected data and transfers it to the SCH. It
terminates intra-cluster transmission.

In inter-cluster transmission, data is acquired by the sink
node from the CHs. The sink sequentially requests all SCHs to
transmit its information. The chosen SCH transmits the
information to the sink via the selected RNs. Accordingly, this
WMCL-DLRS-CRP can balance the energy utilization of CHs
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and RNs during both inter- and intra-cluster transmission
effectively. Also, it can improve the network lifetime and PDR
in the WSNSs.

IV. SIMULATION RESULTS

This section presents the effectiveness of the WMCL-DLRS-
CRP in comparison with the existing protocols. The essential
codes for proposed and existing protocols are simulated in the
NS2 platform in the Ubuntu environment. The existing protocols
considered for comparison are WMCL-BCRP [26], IE2-
LEACH [29], Q-LEACH [30], LEACH-TM [31], and Hybrid-
LEACH [34]. The simulation parameters for network
configuration are given in Table 1.

Table 1. Simulation Parameters

Parameter
Simulation tool, OS
Simulation area

Range
NS2.35, Ubuntu
1110%1110 m?

No. of sensor nodes 100

No. of sink node 1

Sink X, y coordinates (50 m, 50 m)
Propagation type Two Ray Ground

Antenna type Omni directional
MAC layer IEEE802.11
Data packet size 520 bytes
Control packet size 50 bytes

Traffic source Constant Bit Rate (CBR)
Initial energy 051

Density range 5m

E.. 50 nJ/m?

E,p 0.0013 pJ/bit/m?
Egq 10 pJ/bit/m*
Data aggregation energy | 5nJ

No. of rounds 1000

Round time 20s
Transmission range 250 m

Four network metrics such as PDR, E2D, energy utilization,
and network lifespan are determined to measure the performance
of various CRPs.

A Total Energy Utilization

It defines the total energy dissipated by each node in the
network to transfer data packets during a given interval.

100

80

60

40

20

Total Energy Utilization

—e—Q-LEACH
—e—|E2-LEACH
—e—LEACH-TM
—e— Hybrid-LEACH
WMCL-BCRP

Total energy utilization (%)

Rounds

200 400 600 800 1000

1 =0—\WMCL-DLRS-CRP

Figure 3. Total Energy Utilization vs. Rounds

Fig. 3 exhibits the total energy utilization for different CRPs
for 100 nodes in various rounds. It is observed that the WMCL-
DLRS-CRP lessens the total energy dissipation of each node in
the network during data transfer due to the selection of both CHs
and RNs based on the weighting factors. The total energy
utilization of the WMCL-DLRS-CRP is 32.3%, 30.2%, 27.1%,
22.1%, and 14.3% lower than the Q-LEACH, IE2-LEACH,
LEACH-TM, Hybrid-LEACH, and WMCL-BCRP after 1000
rounds, respectively.

B. Mean Remaining Energy

It is the amount of remaining energy in each node after data
transmission. During simulation, an initial energy level is set to
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10 Joules. The mean remaining energy values of the network
using various protocols for different rounds are drawn in Fig. 4.
It is noticed that the WMCL-DLRS-CRP has a mean remaining
energy of 4] at the termination of 1000 rounds, whereas the Q-
LEACH, IE2-LEACH, LEACH-TM, Hybrid-LEACH, and
WMCL-BCRP have mean remaining energy values of 0J, 0.8J,
1.6, 2.4), and 3.2J, respectively. This indicates that the
WMCL-DLRS-CRP can improve the energy efficiency of the
other CRPs for data transfer with the help of PCH, SCH, and
RNs in the WSNs.
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C. Network Lifespan

It defines the number of rounds until all nodes are expired.
Fig. 5 illustrates the number of rounds for various protocols
using a varying number of nodes. The WMCL-DLRS-CRP
exhibits 1000 rounds when using 100 nodes in the network,

whereas the Q-LEACH, IE2-LEACH, LEACH-TM, Hybrid-
LEACH, and WMCL-BCRP execute 330, 500, 680, 800, and
890 rounds, correspondingly. It is indicated that the WMCL-
DLRS-CRP enhances the network lifespan while increasing the
nodes in the WSN.

Network Lifetime
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0 . . .

Number of rounds
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=o—LEACH-TM

40 60
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Figure 5. Network Lifetime vs. No. of Nodes

E?D

It represents the interval needed to receive data at the
receiver from the transmitter.

E*D = Trecv — Teran (18)

In Eq. (18), T, is the time when a data packet is delivered
to the receiver and Ty, IS the time when a data packet is
transferred from the transmitter.

Fig. 6 illustrates the E2D results for the proposed and existing
protocols with varying a number of nodes. It is noted that the
WMCL-DLRS-CRP decrease the E2D for 100 nodes by 33.33%,
28.74%, 22.5%, 17.33%, and 11.43% compared to the Q-
LEACH, IE?-LEACH, LEACH-TM, Hybrid-LEACH and
WMCL-BCRP, respectively. This is because of selecting the
CHs and RNs based on their distance from the sink node.

IJRITCC | July 2023, Available @ http://www.ijritcc.org

E. PDR

It measures the percentage between data delivered to the
receiver and data forwarded by the transmitter.

Number of data delivered

PDR = X 100 (19)

Number of data transmitted

In Fig. 7, a comparison of proposed and existing CRPs is plotted
in terms of PDR for different rounds. It is realized that the
WMCL-DLRS-CRP increases the PDR ranges from 89% to
94.1% after 1000 rounds by transmitting the data from each
node to the sink through CHs and RNs. This is improved up to
12.43%, 9.42%, 6.93%, 3.98%, and 2.28% compared to the Q-
LEACH, IE2-LEACH, LEACH-TM, Hybrid-LEACH and
WMCL-BCRP, respectively.

Accordingly, these findings inferred that the influence of energy
dissipation on the network lifespan is resolved by the MCL-
DLRS-CRP according to the selection of dual CHs and RN for
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data transfer in WSNs This WMCL-DLRS-CRP can be
efficient to balance energy utilization and network longevity by
guaranteeing both uniformity and non-uniformity of node
distribution compared to the existing protocols.

V. CONCLUSION

In this study, the WMCL-DLRS-CRP was developed to
alleviate the problem of balancing energy dissipation and
network lifetime while transmitting data in WSNs with both
uniform and non-uniform node distributions. At first, the
network was partitioned into clusters using the MCL algorithm.
After that, the PCH and SCH nodes were chosen by determining
the node weighting factor for intra-cluster transmission. Also, a
RN for SCH was elected by the PTR for inter-cluster data
transmission. Further, the collected data by the SCH nodes was
sent to the sink via the selected RNs with less energy utilization
and high longevity. Finally, the simulation outcomes proved that
the WMCL-DLRS-CRP has 60% total energy utilization, 4J
mean remaining energy, 94.1% PDR, 0.062ms E2D, and 1000
rounds longevity contrasted with the other CRPs in WSNSs.
However, it did not consider the link failures during data

IJRITCC | July 2023, Available @ http://www.ijritcc.org

transmission, which may impact the performance of data
transfer. So, future work will focus on adopting a technique to
identify and restore the link failures for the successful
transferring of data packets in WSNSs.
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