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Abstract: Wireless sensor networks (WSN) are designed to monitor the phys-
ical properties of the target area. The received signal strength (RSS) plays
a significant role in reducing sensor node power consumption during data
transmission. Proper utilization of RSS values with clustering is required to
harvest the energy of each network node to prolong the network life span. This
paper introduces the RSS-based energy-efficient selective clustering technique
using a master node (RESCM) to improve energy utilization using a master
node. The master node positioned at the center of the network area and base
station (BS) is placed outside the network area. During cluster head (CH)
selection, the node with a high RSS value is more likely to become CH. The
network is divided into segments according to the distance from the master
node. All nodes near BS or master node transmit their data using direct
transmission without the clustering process. The simulation results showed
that the RESCM method improves the total network lifespan effectively.

Keywords: Wireless sensor network; received signal strength; clustering;
base station; master node

1 Introduction

A wireless sensor network (WSN) has many tiny nodes with sensing elements to observe the
surrounding environment for various purposes, such as military, radiosensitive field, fire alarm,
health monitoring, smart building, disaster management, and traffic monitoring [1,2]. A base
station in the network is powered with unlimited power and processing capabilities and acts as a
sink for all sensor nodes [3]. The sensor node is loaded with sensing elements, transmitters, limited
processing capacity, and limited battery power [4]. The limited battery power becomes a bottleneck
in the entire sensor network. These sensor nodes are deployed under such circumstances where
the replacement of the battery is not easy, and almost not possible to change the power pack
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of a sensor node [5]. Thus, power management is a challenging issue in designing an extensive
WSN [6,7].

Many hardware and software approaches have been proposed to solve the above energy
conservation problems. Among these approaches, clustering is the most effective and applicable
solution to reduce energy drainage for the sensor nodes [8—10]. A clustering process consists of
two steps: network setup task and steady task. During the network setup process, all nodes select
some cluster head (CH) among themselves based on predefined parameters and form groups
of nodes [11-13]. During a steady process, all cluster member sensor nodes collect information
by sensors and transmit this data to the respective CH using time division multiple access
(TDMA) [14]. Fig. 1 shows a simple WSN clustering. CHs reduce duplicate information and
minimize data size by aggregation and then transmit this information to the base station (BS).

O Normal Node ® Cluster Head X Base Station

Figure 1: Architecture of WSN clustering

Low Energy Adaptive Clustering Hierarchy (LEACH) protocol is a milestone in the field of
WSN clustering. It uses a distributed clustering approach [15,16]. LEACH protocol is designed to
preserve the sensor node’s energy and improve network lifetime [17]. In the network setup for the
first-round, all nodes have an equal probability to be selected as CH, and a random number is
generated to select CH. If a random number for any node appears below the predefined threshold
value T(n), then that node is selected as CH for this round. T(n) is calculated using Eq. (1). This
CH selection is made for each round of data transmission [17].

p
1 —p x (rmod(1/p))

if neG
T(n) = (1

0 otherwise

where p is the probability of selecting a sensor node as CH, r is the current round, and G is a
group of all sensor nodes participating node for CH.

1.1 Contribution

The main contributions of this study focus on proper energy utilization among all sensor
nodes using the received signal strength (RSS) values of each node. The proposed method
organizes the network to use the advantage of distance of nodes from the BS and select CH
by considering the RSS values. Besides, the study introduces a master node equipped with a
rechargeable battery. The proposed method is compared with recent existing algorithms to verify
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its effectiveness. Thus, the main objective of this study is to reduce the energy consumption of all
nodes and improve the throughput of WSN.

1.2 Organization of the Paper

The remainder of the paper is organized as follows. Section 2 presents a detailed idea
regarding WSN clustering and analyzes the existing studies in the clustering field by comparing
some methods. Section 3 presents an overview of the network architecture used in this study.
Section 4 explains the RSS-based clustering technique using the master node and the proposed
algorithm. Results and comparison performed after implementing the proposed method are shown
in Section 5. Section 6 concludes the overall study with its effectiveness, followed by future
research indicators.

2 Literature Survey: A Brief Discussion
2.1 Basic Clustering Techniques

The underlying protocol used for clustering in WSN is LEACH [11]. This protocol changes
CHs in each round with the same probability among all sensor nodes. It gives sensor nodes an
equal chance to be CH and the same lifetime. It may select sensor nodes as CHs with low battery
nodes so network lifetime down short duration [18].

Another clustering method, power-efficient gathering in sensor information systems (PEGA-
SIS) [19], creates a chain from sensors to the BS and minimize clustering cost, but the chain
creates overhead. The TEEN [20,21] protocol is used for re-active conditions. It may be used for
applications based on events. However, this method may not perform well for simple WSN data
collection.

Selective energy protocol (SEP) [22] works in a heterogeneous environment where some
advanced nodes with more energy power than normal nodes. The SEP method improves the
network lifespan; however, it may not be suitable for the homogenous environment.

A hybrid energy-efficient distributed clustering (HEED) protocol [23-25] is designed for a
heterogeneous network. This method selects a CH based on the node’s residual energy; however,
it cannot perform well for the non-uniform distribution of CHs and consumes many resources
during network setup.

Some authors [26,27] introduced a new method for selecting CH by updating the threshold
value. This helps to improve network lifespan and the number of packets transmitted to BS.
However, this technique does not work within a heterogeneous sensor network environment. The
authors in [28-30] used a technique to select a super CH based on fuzzy descriptors. This method
improves the network stability period and lifespan, but the installation of mobile BS added extra
cost.

Liang et al. [31] used harmony search (HS) to find an optimal number of CHs. This method
eliminates the need to determine the number of clusters and removed the need to define many
clusters initially.

Tab. 1 presents the well-known clustering techniques used in WSN with their advantages and
disadvantages [30-38].
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Author Year  Technique used Advantage Limitation
Nayak et al. [33] 2018  Effective data Reduce the energy Data do not address
aggregating method consumption of the privacy and security
based on Compressive network
sensing
Neamatollahi 2019  CH is selected by ant Balanced energy The algorithm used to
et al. [30] colony algorithm, and consumption improved optimize path need
the optimum number lifespan and stability. extra calculation time
of CH selected and resources.
Heinzelman 2019  Construct the cluster Can construct a Dependent on PSO
et al. [35] tree topology for zigbee  network topology with algorithm
WSNss lower energy
consumption
Yu et al. [30] 2019  Improved Longer network Only suitable for
energy-balanced routing  lifetime, larger effective Underwater WSN
(IEBR) throughput, and lower
transmission loss than
Feng et al. [37] 2019  Ant colony algorithm Control cluster Optimize the path will
headcount bring some delay
Liang et al. [38] 2019  The charging base Less number and The greedy algorithm

stations

flexible deployed
locations of the
charging base stations

causes a processing
delay.

2.2 Research Gaps and Motivation

A sensor network is a sophisticated technology. It is beneficial to work in such an environment
where human interaction is not easy to manage, such as a radioactive field, desert, forest, and
military war field [34]. A sensor network is a primary component of the latest technology, internet
of things (IoT) architecture [18,39]. The 10T is the future of machine to machine communication
where machines can interact automatically without human interaction. Thus, it is necessary to
develop a reliable and efficient WSN to empower IoT services effectively. In the last few decades,
many studies have been conducted in the clustering field in WSNs. It becomes the most challeng-
ing task for researchers to manage proper energy utilization within the stipulated cost. Various
methods performed well to increase network lifetime time as mentioned above; however, there is
a scope to improve further using the latest techniques or new ideas. In line with the literature
study, there is a gap to apply rechargeable sensor nodes within the existing studies. However,
the installation of all rechargeable sensor nodes may increase the implementation cost. Thus,
there must be a balance between implementation cost and quantity of rechargeable nodes without
compromising the network lifetime.

3 Network Architecture

This section introduces the RSS-based energy-efficient selective clustering using a master
node (RESCM) scheme. It organizes sensor networks in different ways to utilize network energy
properly among all nodes [40]. According to this network, the organization of the BS is placed



CMC, 2021, vol.69, no.3 3921

outside the network area. The BS has an unlimited energy supply with huge memory capacity and
processing capability. A master node is introduced within the network as a special node. It has
more memory and processing capability compared to sensor nodes. This master node installs with
a rechargeable battery supply. The network consists of homogeneous sensor nodes with different
RSS values. Fig. 2 shows the detailed network architecture. The green-colored segments in the
network indicate the area near BS or master node. All nodes within this segment transmit the
sensed data directly without the need for CH. The high RSS value nodes are shown by the red
color in the network diagram.

° ° .. +... o ©

‘Base station + Master Node @ Normal node @ High RSS Value Node

Figure 2: RESCM scheme network architecture

The energy used by any sensor node to transmit sensed data E,. can be expressed as the
following equation [34].
E7y (ka d) = ETx—elect (k) + ETx—amp(ka d)
Ery (k, d) = Egjoe X k4 Eamp x k x d°

where k is the number of bits transmitted, d is the distance of a node from the receiver.

2)
(€)

The power used to receive data Eg, by a receiver can be derived by the following equation
to receive k bits from d distance.

ERx (k) = ERx—elec (k) x ERx (k) = Eelec x k (4)
ERrx = Eglec X (k)
ERy (k) = ERx—elec (k) X ERy (k) = Eelec x k (5)

ERx = Eelec X (k)
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4 RESCM Protocol: Proposed Methodology

This section presents details of the proposed RESCM, an RSS-based clustering protocol.
Each sensor node inside the network field transmits its sensed data to BS, then the BS process
incoming data as required. For each round, CH combines the sensed data and transmits data
of all cluster member nodes and transmits this combined information within a single packet to
the BS. Thus, a master node is deployed at the midpoint of the sensor network to minimize the
transmission power of long-distance nodes. The master node collects packets from all the nodes,
and CH is placed near it, and then sends the combined data packet to the BS. This technique
improves the network’s overall lifetime and total packet transmission within the network at the
cost of an extra master node. This master node’s battery may be recharged on-demand. The cost
of recharging the master node’s battery will always be less compared to a new sensor node. Thus,
this technique reduces the total network cost and increases the throughput.

4.1 Network Establishment Phase

All sensor nodes in the WSN have equal battery power during the network initialization in
a homogenous environment. The nodes are placed in a random manner inside the network field.
BS sends ping packets to all the sensor nodes. All sensor nodes reply to their physical location
to the BS. Then, BS stores all information in its memory. After that, BS derives the distance of
all sensor nodes to the BS, and then the master node stores this information with the respective
node ID.

4.2 Network Setting

It is necessary to set up the network to improve performance. Thus, the RESCM method
partitions the network area into virtual segments according to node distance from BS or master
node. All sensor nodes present within the first segment direct link to transmit data to BS because
of the short transmission range. Similarly, all nodes near the master nodes use a direct link to
transmit data as short-range transmission. Then, master nodes aggregate data and forward it to
the BS. These two segments are known as direct transmission segments, and there is no need for
a clustering process. All remaining nodes are placed far away from the BS, or the master node
is partitioned into two segments. These segments are known as clustering segments. In all nodes,
which are present in the clustering segment, and data transmission occurs after the clustering
process by CH.

4.3 Clustering

The RESCM method first partitions the overall network into different segments; it then selects
CH for each segment independently. CH is selected according to the node RSS values, a node with
higher RSS value is more likely to be selected as CH for the current round. As network starts to
transmit sensed data to BS, for the first-round all nodes have the same energy levels and equal
probability of being a CH. CH is selected by comparing the weight calculated using the remaining
energy and RSS values. To balance the energy consumption, the same node cannot be selected as
CH for the next round like LEACH protocol. The probability of selecting CH increases for each
upcoming round to balance the number of CHs. A node is selected as CH if its weight is less
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than all other nodes. The value of the threshold parameter T(s) and weight (w) can be calculated
as follows:

p .
if seG
T(S) = 1 —p x (rmod(1/p)) (6)
0 otherwise
W=T()xa+RSSxp (7

Calculate node position
in network

Node near to

master or BS? Direct transmit data

Select cluster head

v

Segment into
clusters

'

Member transmit data
to CH

v

Data aggregation by
cluster head

v

Calculate residual
energy

Lifespan
over?

Figure 3: Flowchart of RESCM method

Here, p represents the required percentage of CH, and r is the current round, G is the set
of all nodes participating for CH within the current ‘t’ round. Eq. (7) uses RSS values as the
received signal strength of each node. @ and B are weight parameters such that the sum of «
and B is always 1, and they may assign any value as per the requirement. These equations assign
both T(s) and RSS with equal weight; hence, « = 0.5 and 8 = 0.5. This process is performed by



3924 CMC, 2021, vol.69, no.3

each segment for CH selection. Once the CH selection process is completed, the CH broadcasts
the hello packet to all its neighbor nodes. Every node receiving the hello packet responds with
acknowledgment, and the node becomes a member of its nearest CH. Thus, the RSS value helps
select CH with more signal strength and energy consumption decreases. If the selected CH has
high signal strength, it can transmit signals through long-distance using less power consumption,
and if the selected CH has low signal strength, then extra energy is required to transmit data.

Algorithm 1 RESCM

Input: Set of sensor nodes: S = {sl, s2, s3,...., sn}.
Network Dimension: m*n

RSS values of sensor node RSS={rss1, rss2, rss3.......... , Issn}
Output: Optimal selection of cluster heads CH = {CH1, CH2, CH3,...., CHm}.
Step 1: Initialize nodes position

S(x,y)=random(x,y)

Base station = (maxx/2,-10)

Master node = (maxx/2,maxy/2)
Step 2: collect RSS value of all nodes.
Step 3: for i=1 to n do

Calculate distance from BS and master node as dist(si)
Step 4: for i=1 to n do

if (dist(si)<disth)

assign node as direct transmission
Step 5: for round=1 to rmax

For i=1 ton do

If the node is in direct transmission list

sense data and transmit

Else

If si CH last round pi=o

Else

Thi=pi/(1-p*(rmod(1/p))

Calculate for each node wi=a*(1-Thi)+b*RSSi

if (max(wi))

setias CH

endif

endif

endfor

endfor
Step 6: stop

Figure 4: Pseudocode of the RESCM for CH selection using a master node algorithm

4.4 Data Transmission

In this phase, all sensor nodes sense data according to the installed physical sensor for the
current round. All nodes near BS or master node transmit data directly to the BS or master node.
All member nodes transmit data to their CH. The CH aggregates the data packet by inserting its
sensed data with all member nodes and then transmits it to the master node. The master node
receives data from all CH and creates a common packet by combining all data and then sends it
to the BS.
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Figs. 3 and 4 show the detailed flowchart and algorithm, respectively.

5 Results and Discussion

The RESCM method worked on RSS values by limited clustering. The RESCM method
performance is compared with benchmark techniques LEACH [§8], SEP [22], LEACH-C [40], and
LEACH-VA [37] protocol for WSN. This study uses MATLAB 2015a for simulation analysis. The
simulation was performed with 100 x 100 m network area and randomly placed 100 sensor nodes.
A master node is placed at the center of the network to cover most of the sensor nodes. The BS
is installed on one side of the network field, and both master node and BS cannot change their
position after they are placed. The master node’s battery is equipped with a rechargeable battery,
and it can be recharged whenever the charge is less. The sensing information packets transmitted
in the network are considered with a size of 4000 bits, including all information and routing
overhead. Tab. 2 presents all parameters used during the simulation.

Table 2: Simulation parameters

Parameter Value
Network area 100 x 100 m?
Base station location (50, —10)
Numbers of sensor nodes 100

Near node distance 15 m

E, 0.5

Eclec 5 nl/bit

Ef, 10 pl/bit/m?
Eamp 0.0013 pJ/bit/m*
Ed, 5 pl/bit
Packet size 4000 bits
Message size 500 bits

This study is evaluated based on the following performance indicators.

Network Lifespan: A network lifetime is the duration from sending the first sensed data to
the last packet transmitted to the BS. The sensing information can be transmitted until at least a
single node is alive. The network lifespan is the duration of all sensor nodes being alive. If the
first node dies, the network becomes unstable.

Throughput: Throughput is a ratio between the total packets received by a BS to complete
packets transmitted by all sensor nodes for each round of data transmission.

Residual Energy: The network residual energy can be measured as an average of residual
energy of all live sensor nodes within the network. As the network transmits data to the BS
continuously, the network residual energy becomes low, and it reaches zero as all sensor nodes
are dead.

5.1 Results and Analysis

Network Lifespan: Fig. 5 shows the network lifespan of the RESCM method. The nodes have
0.5 J power and become dead after the entire energy is exhausted after transmission. The observa-
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tion clarifies that the RESCM method performs well compared to LEACH, SEP, LEACH-C, and
LEACH-VA methods because of the balanced energy consumption and distribution to all nodes.
In the LEACH method, the energy consumption among nodes does not distribute correctly; thus,
very quickly nodes start to die, and the network becomes unstable. The RESCM method uses a
direct transmission link for nodes near the BS and master nodes. Thus, the energy of these nodes
is consumed less compared to all other cluster member nodes. Besides, the RSS-based CH selec-
tion reduces high power consumption to transmit long-distance signals over traditional methods.
The RESCM method stability period is less compared to that of LEACH-C and LEACH-VA,
but when the network works for longer durations, RESCM performs well to improve network life
span.
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Figure 5: Network lifespan comparison of RESCM with existing methods

Throughput: Fig. 6 shows the packets transmitted to the BS during network lifespan using
RESCM to LEACH, SEP, LEACH-C, LEACH-VA methods. The figure demonstrates the RESCM
method’s effectiveness over the LEACH protocol. The master node used only transmission data
of all CH and direct transmission nodes aggregate data; it did not sense and transmit their data.

The total packets transmitted by the RESCM method are about two times more than the
LEACH-VA protocol. The nodes near to master node and BS send their data directly without
taking part in the clustering process. The energy required for overhead was saved in the RESCM
method. Thus, these nodes transmit data for more rounds without dying early.

Residual Energy: This study assumes that 100 sensor nodes are randomly deployed within the
network; each node is equipped with 0.5 J energy at the time of initialization; thus, the network
initially has 50 J energy. Fig. 7 shows the network’s total average energy. After each round, this
comparison clarifies that the RESCM method performed better to minimize energy consumption.
The master node placed at the network center helped the CHs transmit data in a short distance
compared to the LEACH-VA protocol. Thus, the network average residual is energy-optimized.

Tab. 3 shows a detailed result comparison of the RESCM method with LEACH and SEP
protocol. The simulation results showed that LEACH protocol becomes unstable after 978 rounds,
SEP becomes unstable after 2067 rounds, LEACH-VA maintains stability till 1401, but RESCM
is stable up to 1278 rounds. The network lifetime for LEACH is about 1585 rounds, SEP lifespan
about 3167 round, LEACH-VA network worked up to 3558 rounds; however, RESCM reached
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4000 rounds by proper energy distribution. Thus, the RESCM method has an improved network
lifespan by 26% compared to SEP and 13% compared to LEACH-VA.

g0 : : . v i . .
LEACH : 1 > :
gk LEACH-C SRR BrREEED; aanai e ol Bl ]
— SEP + : . ~ ¥
— LEACH-VA
Bl ——RESCM | i e

Throughput

1500 2000 2500 3000 3500 4000
rounds

0 500 1000

Figure 6: Throughput comparison of RESCM with existing methods
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Figure 7: Network residual energy comparison of the RESCM with the existing methods

Table 3: Comparison results with LEACH and SEP protocol

Protocol Stability period (rounds) Network lifetime (rounds) Throughput (packets)
LEACH 978 1585 1.2 x 10*
LEACH-C 1394 2245 1.6 x 10*
SEP 2067 3167 1.6 x 10*
LEACH-VA 1401 3558 4.5 x 104

RESCM 1278 4000 8.6 x 10*
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6 Conclusion

WSNs are a backbone for the recently trending topic: the IoT. All research has been con-
ducted in the field of WSN using LEACH protocol as a key indicator. The proposed RESCM
method overcomes the conventional LEACH protocol limitations. It uses the master node for
multi-hop transmission equipped with a rechargeable battery to overcome battery replacement
problems. This study splits the network into logical segments. Each segment communicates with
a different transmission level. Two segments are predefined for direct transmission, and the rest
of the segments select CH using the RSS-based clustering technique with multi-hop transmission.
CH selection within a segment is independent of other segments, leading to the selection of
an optimum number of CHs within the network. This study compares the RESCM method’s
performance with LEACH based on three parameters: network lifetime, network residual energy,
and total packet transmission. The simulation results showed that the RSS-based clustering tech-
nique using a master node with segmented network improves network residual energy to prolong
network lifespan. The network stability period improves compared to LEACH and SEP methods.
Besides, the RESCM method has an improved network lifespan by 26% compared to SEP and
13% compared to LEACH-VA.
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