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Abstract. Wireless sensor networks (WSNs) are one of
the most important components in the connected world i.e.
Internet of Things (IoT). WSN is a network of distributed
sensor nodes that communicate wirelessly to transmit and
receive real-time data. These sensor nodes play a crucial
role in monitoring various environments, enabling smarter
decision-making and improving efficiency across numerous
applications. This paper presents an energy-efficient pro-
tocol based on low energy adaptive clustering hierarchy
(LEACH) for improving the lifetime of WSN. The proposed
method modifies the basic LEACH protocol and incorpo-
rates the factors of residual energy of the network, number of
neighbor nodes, average energy of the network, and threshold
distance between the nodes and base station. The proposed
work compares the result with the existing methods and has
shown the improvement in the network performance param-
eter metrics. The simulation results show an improvement in
the network lifetime due to better energy management, thus
increasing the number of data packet transfers.The proposed
method has shown improvement by 13% over the first dead
(FD) node of EEBC-LEACH, 5% improvement over half dead
(HD) node of PEGASIS, and 3% improvement over all dead
(AD) nodes of FBCR-LEACH.
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1. Introduction
Wireless sensor networks (WSN) play an important role

in the Internet of Things (IoT) world. WSN has many ap-
plications in smart communities, such as smart hospitals,
buildings, agriculture, military, civil services, etc [1]. The
WSN enables a reliable and controlled monitoring of these
areas. Gartner’s research report has suggested a massive

rise in number of IoT-enabled networked devices. The IoT
has transformed traditional way of living and working into
high-tech areas through the integration of intelligent device
applications and technologies that enable automation and of-
fer various user services. The state-of-the-art (SOTA) in IoT
refers to the cutting-edge technologies and latest advance-
ments. The SOTA in IoT has wide spectrum of technologies
and applications that may include:

• 5G and 6G communication,
• AI and edge computing,
• Blockchain for security,
• Digital twins,
• Low-power IoT devices etc.

The above technologies have various IoT applications in
smart urban cities, connected automobiles, wearables, smart
grids, industrial internet, smart supply chain, etc., and shall
utilize the potential of IoT to its fullest. This will need
an efficient energy management approach for enhanced WSN
lifetime. For developing the smart systems, low-cost sensor-
based embedded devices (sensor nodes) are used. Using
these embedded devices creates a wireless network and these
network systems are deployed in any application-specific area
that wants to be controlled and monitored [2].

Nodes deployed in the WSN area communicate real-
time information to the base station (BS). The sensor nodes
may transmit information in many ways. If sensor nodes
communicate directly, then they will consume more energy,
which will decrease the life-cycle of the network. On the
other hand, one can use some energy-efficient WSN pro-
tocol, which enhances the life-cycle of the network. It is
observed that much of the research is done and also going
on to achieve better performance of WSN by improving the
energy efficiency of the systems [3]. The term energy ef-
ficiency is directly or indirectly related to many aspects of
smart IoT systems. To improve the performance of the sys-
tems, various experiments were performed on various key
aspects such as quality of service parameters, routing tech-
niques, wireless communication device, security methods,
wireless communication protocols, [4] etc.
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Fig. 1. Basic LEACH architecture.

The clustering is one of the primitive approaches in hier-
archical routine protocol. The approach divides the network
into several disjoint clusters. Each cluster has a cluster head
(CH), which acts as a gateway between its member sensor
nodes (SN) and sink node or base station (BS). For effective
clustering, CHs must be uniformly distributed throughout the
network. If CHs are assigned too close or too far apart, the
protocol may not be energy efficient. Using the low-energy
adaptive cluster head (LEACH) technique increases the lifes-
pan of the wireless sensor network, the basic architecture of
LEACH protocol is shown in Fig. 1. However, the LEACH
exhibits poor energy management due to its random CH se-
lection approach. The network life cycle of WSN is directly
related to the energy or power consumption of the network
because a more energetic system has more life. In the WSN
generally, the tiny sensor nodes with limited energy capabil-
ity are deployed randomly in particular application-specific
areas. These sensor nodes send the information to the sink
node (base station) for monitoring and controlling the ap-
plication through wireless communication technologies like
Bluetooth, Zigbee, Wi-Fi, [5] etc.

Sometimes, the sensor nodes may be deployed in haz-
ardous environments. So, replacing or recharging the bat-
teries is challenging. To address these shortcomings, re-
searchers have prioritized the effective utilization of sensor
nodes battery energy when creating hardware architectures
and protocols. Consequently, many protocols have been pro-
posed to increase the lifecycle of sensor networks [6].

The main goal of this research is to improve the lifetime
of WSN by using the hierarchal routing method. A novel
energy-efficient protocol is developed by modifying the low
energy adaptive clustering hierarchy (LEACH). For enhanc-
ing the network lifetime, the proposed method take into ac-
count the important network parameters like initial energy,
remaining energy of sensor nodes, an optimal number of CH
in the network, and distance between the neighbor nodes.

The contribution of the proposed work could be briefed
as follows:

• To propose an effective clustering algorithm for finding
most suitable CHs based on node energy and distance
between the neighboring sensor nodes.

• To decide an appropriate number of nodes in each clus-
ter for every round.

• To enhance the WSN life-time and improve throughput.

The rest of the document is organized as follows: Sec-
tion 2 discusses the related work. Section 3 describes the
basic system model of network and energy dissipation. Sec-
tion 4 discusses the proposed method. Section 5 addresses
the simulation parameters and implementation process. The
network performance evaluation and results are mentioned
in Sec. 6. Finally, conclusions are drawn in Sec. 7.

2. Related Work
In IoT, a large number of sensor nodes are deployed

to collect and transmit data in real-time. These nodes play
a crucial role in monitoring various environments, enabling
smarter decision-making, and improving efficiency across
numerous applications. One of the major challenges in IoT
is to manage these sensor nodes in terms of access, energy
consumption, security, and maintenance [7]. These sensor
nodes are low-power devices that often rely on limited bat-
tery life, thus requires efficient energy management, which is
essential, and efficient use of the sensor nodes is necessary to
address these challenges [8]. Researchers are exploring var-
ious approaches that can enhance the reliability and lifetime
of WSN. Numerous routing protocols have been proposed to
address the limitations imposed by WSNs, improving energy
efficiency and extending network lifetime [9–11].

In recent years, researchers have focused a lot of atten-
tion on the cross-layer cluster-based routing protocol. The
number of clustering protocols works in two sections: one is
the setup phase another is the steady state phase. During the
setup phase, a CH is chosen using centralized, hybrid, or dis-
tributed criteria, efficiently creating several clusters within
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Fig. 2. LEACH operation.

Method Year Features Weakness
LEACH [12] 2000 Distributed, CH value rotate, low energy saving Random, single hope, uneven CH distribution
LEACH-C [13] 2002 Evenly distributed cluster using simulated annealing Random, single hop
PEGASIS [23] 2002 Distributed, energy efficient, high scalability Chain based selection, single hop
HEED [24] 2004 Distributed, topology-based, multi-hope complexity high
TL-LEACH [25] 2005 Distributed, high energy efficiency, hybrid Low scalability
LEACH-L [26] 2008 Distributed, high scalability, energy efficient, hybrid Complexity high
I-LEACH [16] 2013 Distributed, improved CH value, energy efficient Random, single hop
EE-LEACH [27] 2015 Distributed, energy efficient, multihop Complexity high
IEE-LEACH [28] 2019 Distributed, energy efficient, hybrid Complexity high
EADCR-LEACH [29] 2020 Centralize distribution, improve energy efficiency Moderate Complexity, single hop
EACR-LEACH [30] 2022 Distributed, improve energy efficiency Moderate Complexity, single hop
EES-LEACH [31] 2023 Distributed, improve CH selection Moderate Complexity, single hop
FBCR-LEACH [32] 2023 Distributed, fuzzy based CH selection Moderate Complexity, single hop
Proposed method 2025 Distributed, energy efficient, improve CH selection Moderate Complexity, single hop, less scalability

Tab. 1. Clustering-based routing protocols.

the network. During the steady-state phase, each cluster’s
member nodes transmit sensor data to the CH node in each
of the TDMA slots that the CH allocated them during the
setup phase. After gathering all of the data, the CH compiles
it and forwards it to the base station (BS).

The hierarchical protocols, such as the LEACH proto-
col, are among the earlier reported most efficient approaches.
The LEACH was proposed to enhance the efficiency of WSN
by dividing the network into clusters, and through a ran-
dom CH selection (Fig. 1). In the steady state phase data
is communicated from node to base station via cluster head.
The LEACH is the first hierarchical routing protocol that
uses clustering and MAC protocol based on the time division
multiple access (TDMA) technique. The LEACH process is
divided into two phases: one is the set-up phase followed by
the steady-state phase. The set-up phase, randomly selects
the clustether head (CH) and CH forms a cluster then creates
a TDMA scheduled for the sensor nodes. During the steady
state phase, the data is collected from sensor nodes in cluster
and sent to base station through the cluster head, with data
aggregation occurring at CH level. The process is shown
in Fig. 2 [12]. The LEACH is a distributive cluster forma-
tion algorithm. In this protocol, CH counts are not fixed,
and even the number of nodes assigned to the clusters also
vary [13]. This results in poor energy management of the
network thereby reducing lifetime.

To overcome the drawback of LEACH, a central con-
trol algorithm is proposed, where nodes send their informa-

tion on energy level and position to the base station. On
the basis of node information base, the station selects the
CH and steady-state phase is the same as LEACH. In this
research, the central control algorithm considers residual en-
ergy and distance between the nodes for the selection of
CH [14]. Several residual and distance-based CH selection
techniques, such as enhanced centralized (EC-LEACH) [15],
Improved-LEACH [16], energy-efficient balanced cluster
(EEBC-LEACH) [17], and low energy adaptive clustering
with deterministic cluster-head selection (LEACH-DCS) [18]
have been developed in previous works. In this study, the au-
thor suggested that the CH election algorithm uses the mini-
mum and maximum distance [19]. The Balance Residual En-
ergy LEACH (BRE-LEACH) further enhanced the LEACH
algorithm to extend the network lifetime through energy con-
sumption optimization. Three criteria form the basis of this
protocol operation viz multi-hop, residual energy, and dis-
tance to the base station (BS) [20]. Some works, elect the
best-suited node as the cluster head considering the remain-
ing energy and its distance from the other nodes [21], [22].

Table 1 illustrates the few descendants of LEACH in
relation to a few factors. From the surveys, it is observed
that CH selection is an important parameter used in various
research to enhance the life of WSN. In the entire process of
CH selection, energy management and the number of cluster
heads in the network play an important role.A comparison of
salient feature and weakness of few popular algorithms along
with the proposed approach presented in Tab. 1
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Fig. 3. Radio energy dissipation model.

3. Basic System Model

3.1 Energy Dissipation Model for Radio Signal
The energy consumed by sensor nodes during various

phases of operation, particularly for communication and data
aggregation, can be estimated by first-order model. The ra-
dio energy dissipation model consists of a transmitter circuit
(radio-electronic and power amplifier) and receiver circuit
(radio-electronic), as shown in Fig. 3, and its energy con-
sumption is given (1) and (2), respectively.

𝐸TX =

{
𝑚 · 𝐸elec + 𝑚 · 𝐸fs · 𝑑2 if 𝑑 ≤ 𝑑0,

𝑚 · 𝐸elec + 𝑚 · 𝐸mp · 𝑑4 if 𝑑 > 𝑑0,
(1)

𝐸RX = 𝑚 · 𝐸elec, (2)

𝑑0 =

√︄
𝐸fs
𝐸mp

. (3)

The 𝐸TX and 𝐸RX are the energy consumed at the trans-
mitter and receiver respectively, 𝑑0 is threshold distance (3).
The energy consumption depends on the distance between the
transmitter and the receiver 𝑑, data packet length 𝑚, energy
consumed in the transmitter and receiver electronics 𝐸elec,
multi-path energy 𝐸mp, and free space energy 𝐸fs, 𝑛 is the
number of nodes. The threshold 𝑇 (𝑛) is computed using the
probability 𝑝 for a node to be a candidate for CH.

𝑇 (𝑛) =


𝑝

1−𝑝 ·
(
𝑟 mod 1

𝑝

) , if 𝑛 ∈ 𝐺

0, otherwise,
(4)

where G is the collection of the nodes that have not yet been
CH in the last 1/𝑝 rounds.

3.2 Assumption for Network Model
In this section, consider a WSN model with 𝑛 number of

nodes and L×L area in which nodes are randomly distributed.
The basic network architecture of the WSN is illustrated in
Fig. 1. It shows clusters with some nodes in each cluster, and
each cluster has a cluster head (CH). The CH node gathers
data from other nodes, processes it, and then communicates it
to the base station. The position of the randomly distributed
sensor nodes and the base station are shown in Fig. 4. The
following assumptions are made during the wireless sensor
network area deployment & distribution of sensor nodes.

• All sensor nodes are stationary and randomly placed.

• Each node has a finite amount of energy and have similar
energy consumption, computational power, and storage
capabilities (homogeneous).

• The base station is located at the center of the sensing
area, and is static with unlimited energy.

• The node inside the cluster sends its data through the
cluster head and other remaining nodes (not part of any
cluster) send data directly to the base station.

• The nodes are unaware of their precise location or those
of neighboring nodes.

• The nodes are autonomous. Therefore, it is self-
organized and does not require supervision after dis-
tribution.

• Every node is capable of acting as the cluster head.

• The nodes are not harvesting energy.

The simulation with the above assumption may hold good
with real-world scenarios like smart buildings, agriculture,
hospitals, etc. To an extent, the results from the simulation
models with given assumptions may replicate the real-world
scenario. However, the actual results and performance may
differ due to many factors affecting the outcome. The de-
viation in results may be due to the facts that in real-world
scenario, the sensing area may not be geometrically sym-
metric, the sensing nodes energy depletion rate may not be
identical, the sensing area may be affected by strong EM
interference etc.

4. Proposed Method
In order to extend the network’s lifetime, the proposed

method modifies the basic LEACH protocol and incorporates
the factors of the residual energy of the network, average
energy, the number of neighbor nodes, and the threshold dis-
tance. The use of these controlling factors results in better
energy management of the network.

4.1 Optimal Number of Cluster Selection
An efficient network can be achieved by getting an op-

timal selection of a number of clusters. The cluster heads of
the clusters consume a major portion of energy in the data
acquisition, aggregation, and transmission. Hence limited
and optimal number of clusters will dissipate less energy.



RADIOENGINEERING, VOL. 34, NO. 2, JUNE 2025 317

Fig. 4. Wireless sensor area network with distributed nodes.

In the basic LEACH method, non-uniform clusters head se-
lection and formation occur, which leads to higher energy
dissipation. So to achieve the optimal number of cluster
heads, proper selection is necessary [33]. Therefore, care-
fully choosing cluster heads with network parameters such
as residual energy, distance, and neighbor nodes that can cre-
ate balanced clusters and fairly cover the entire sensing area.
In this section, it is assumed that 𝑛 sensor nodes are evenly
scattered throughout a square area of L×L (Fig. 4).

4.2 Cluster Head Set-up Phase
In the set-up phase, each node’s potential to become CH

is decided based on residual energy, initial energy, average
energy, and the number of neighboring nodes, and the thresh-
old distance whether or not to become a cluster head for the
current round. The selection also depends on decisions made
by the nodes by choosing a random number between 0 and 1.
If the number is less than threshold 𝑇1 (𝑛), also called as im-
proved probability function (IPF), the node becomes cluster
head for the current round. Otherwise, it acts as a normal
node (NN). Equation (5) defines the total residual energy of
the active nodes and Equation (6) shows the average energy
of the network:

𝐸residual =

𝑛∑︁
𝑖=1

𝑆𝑁 (𝑖).𝐸, (5)

𝐴𝑣𝑔.𝐸 =

∑𝑛
𝑖=1 𝑆𝑁 (𝑖).𝐸

𝑛
(6)

where 𝐸residual is the residual energy of network and 𝑆𝑁 (𝑖).𝐸
is the current energy of the sensor node 𝑆𝑁 (𝑖). Based on
the threshold 𝑇 (𝑛) given by (4), a new threshold 𝑇1 (𝑛) is
computed as shown in (7):

𝑇1 (𝑛) =


𝑝

1−𝑝 ·
(
𝑟 mod 1

𝑝

) × 𝑆𝑁 (𝑖) .𝐸
𝐸0

, if 𝑛 ∈ 𝐺,

0, otherwise
(7)

where 𝑝 is the probability. 𝐸0 is initial energy of node and
𝑟 is the current round. The ratio 𝐸residual/𝐸0 serves to favor
the nodes of residual energy higher than the average residual
energy of being CHs. The comparison of initial node energy
with the average energy of the network suggests a potential
candidate for cluster head (CH). Each sensor node also com-
pares with a random number generated between 0 and 1. If
this value is less than the threshold, the node is picked out for
a CH selection process at the current round. Subsequently,
the CHs broadcast the information to the other nodes. De-
pending on the strength of the received signal, each normal
node determines the cluster to which it belongs. After de-
termining the cluster, nodes send a confirmation message to
their CHs. The cluster head setup phase is shown by the flow
diagram in Fig. 5.

4.3 Cluster Formation Process
All sensor nodes are randomly distributed in the mon-

itoring area. Each node has a unique ID and is aware of
its residual energy. Non-CH nodes select CH based on
energy and proximity. The node informs its chosen CH
by sending a join request message. Each CH maintains
a list of its cluster members. The CH defines the TDMA
schedule according to the number of cluster nodes and their
proximity. All cluster members’ time slots are included in
the TDMA schedule, which the nodes use to send data to
the CH. During the transmission only the transmitting node
remains active, and other nodes will be in sleep mode thus
process saving the energy of nodes. When all the nodes
have sent their data to the cluster head, the cluster head
starts processing the received data: aggregation, reduction
of redundant data, and compression of the data for fair band-
width utilization. The CH nodes transmit data to the sink
node/base node using single-hop communication. Nodes
closer to the base station send data directly to the base station
instead of routing it through any nearby cluster head.

5. Simulation Parameters
A randomly distributed WSN area of 100 m × 100 m

with a total randomly distributed 100 sensor nodes with sim-
ilar initial energy are used for network simulation in the MAT-
LAB environment. With assumptions made in Sec. 3.2, the
simulation parameters listed in Tab. 2 are used in the exper-
iment. The homogeneous wireless sensor network model is
used for simulation. The position of the base station is kept in
the center 50 m × 50 m [34]. So, maximum distance between
the sensor node to base station is 50

√
2 (about 70.71 m) as

shown in Fig. 4. The simulation is conducted for 3000 rounds
and tested on MATLAB 2018a. The source code can be made
available on request.
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Fig. 5. Flow diagram of proposed method.
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Parameter description Symbol Value
Number of Nodes 𝑛 100
Probability 𝑝 0.05
Initial node energy 𝐸0 0.5 J
Energy consumed by the amplifier to
transmit at a short distance

𝐸mp 0.0013 pJ/bit/m4

Energy consumed by the amplifier to
transmit at a longer distance

𝐸fs 10 pJ/bit/m2

Energy consumed in the electronics cir-
cuit to transmit or receive the signal

𝐸elec 50 pJ/bit

Data aggregation energy EDA 5 nJ/bit
Data packet length m 4000 bits
WSN area L×L 100 m×100 m

Tab. 2. Simulation parameters.

5.1 Implementation of Proposed Method
The sensing area of 100 meters by 100 meters is initial-

ized, and 100 sensor nodes are randomly scattered in the WSN
area. The first round starts with assigning the same initial
energy to all sensor nodes and setting up the variables. For
each round, the total energy (𝑇𝑁𝐸), average energy (𝐴𝑣𝑔.𝐸)
and residual energy (𝑆𝑁 (𝑖).𝐸) of all nodes are calculated.
The residual energy of the node is calculated and checked
if it is equal to 0, then that node is labeled and counted as
dead node (Dead), otherwise, the node will continue to take
part in the clustering and communication process. A random
generated number (ranging between 0 to 1) is compared with
the improved probability function (IPF) 𝑇1 (𝑛). If the IPF
is less than the generated random number then the node is
assigned as normal node (NN), otherwise this node is a fit
candidate as CH. The number of nodes positioned within the
threshold distance from this node are counted and stored in
𝐴𝑑𝐷𝑖𝑠. The 𝐴𝑑𝐷𝑖𝑠 count value is compared with the thresh-
old node count value. If 𝐴𝑑𝐷𝑖𝑠 is greater than the threshold
node count value (𝐷_𝑡ℎ) and the node energy (NE) is greater
than the average energy (𝐴𝑣𝑔.𝐸), then the node is elected as
a cluster head (CH). Otherwise, it is assigned as a normal
node (NN).

In the next phase of the current round, the distance be-
tween the nodes to cluster heads and the nodes to the base
station is computed. All nodes nearer to the CH will be as-
signed to the cluster and will send the data to their assigned
cluster head. Otherwise, the node will communicate directly
with the base station. All these steps are repeated until all
nodes are dead. All this process is shown in Fig. 5 flow
diagram of the proposed method.

6. Network Performance and Results
The performance of the proposed algorithm is compared

with three popular protocols, viz, LEACH [13], LEACH-
C [14], and EEBC-LEACH [17]. Important network perfor-
mance parameters, like the number of dead and alive nodes,
total network energy, and throughput (number of packets
transmitted) are taken into account.

Fig. 6. Comparison of number of dead nodes over rounds.

Dead
nodes

LEACH
[13]

LEACH-C
[14]

EEBC-
LEACH
[17]

Proposed
method

FD 967 1280 1160 1388
HD 1052 1288 1238 1426
TD 1151 1298 1318 1440
AD 1394 1362 1841 1995

Tab. 3. Average dead nodes (in each case) in network vs rounds
with base station is at 50 m×50 m.

6.1 Dead Nodes with Respect to Rounds
Figure 6 illustrates the number of dead nodes over multi-

ple rounds for different clustering-based routing protocols in
a wireless sensor network. The results indicate that the tradi-
tional LEACH protocol exhibits the shortest network lifespan,
with nodes starting to die around 1000 rounds and all nodes
depleting their energy soon after. LEACH-C demonstrates
slightly improved performance due to its centralized cluster
formation, but nodes still experience rapid energy depletion.
The EEBC-LEACH protocol further extends the networks
lifetime by introducing energy-efficient and balanced cluster-
ing mechanisms, delaying the onset of node deaths. How-
ever, the proposed method significantly enhances network
longevity, with nodes starting to die around 1400 rounds and
the complete depletion occurring much later compared to
other protocols. This improvement is due to the incorpora-
tion of the metrics of residual energy, distance, and number
of neighbor nodes. Therefore, the proposed approach has
efficient energy consumption and enhances network man-
agement, thereby outperforming conventional clustering al-
gorithms in prolonging the operational lifetime of WSNs.

The average of ten simulations is presented in Tab 3.
The longevity of the network can be evaluated by three met-
rics: first dead (FD) node, half dead (HD) node, and all dead
(AD) node. These parameters indicate the number of rounds
after which the first node, half nodes, and all nodes of the
networks have died i.e. fully depleted and can not take part
in future rounds. It shows the better performance in terms of
first dead (FD), ten dead (TD), half dead (HD), and all dead
(AD) nodes to the number of rounds.
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The proposed method improved all dead rounds by 30%,
32%, and 8% in comparison to the LEACH [13], LEACH-
C [14], and EEBC-LEACH [17] methods, respectively.

6.2 Alive Nodes with Respect to Rounds
Figure 7 presents the number of alive nodes as a func-

tion of the number of rounds for different clustering-based
routing protocols in a wireless sensor network. The graph il-
lustrates the network lifetime and the rate at which nodes
deplete their energy over time. The traditional LEACH
protocol shows the shortest lifetime, with nodes starting to
die around 1000 rounds and complete depletion occurring
soon after. LEACH-C exhibits a slightly improved perfor-
mance due to its centralized clustering approach, but node
deaths still occur rapidly. EEBC-LEACH extends the net-
work lifespan by employing energy-efficient clustering and
load-balancing mechanisms, delaying the first node death
beyond 1100 rounds. The proposed method significantly
outperforms the other protocols, with nodes remaining alive
for a much longer duration, and complete depletion occurring
only after 1500 rounds. This demonstrates the effectiveness
of the proposed approach in reducing energy consumption
and enhancing network longevity, making it a more suitable
option for prolonging the lifetime of WSN.

In another experiment, simulation was performed on
100 m×100 m area with 100 sensing nodes and the base sta-
tion positioned outside of the sensing area at 50 m×175 m.
In the case of PEGASIS, the base station is positioned at
50 m×300 m. The performances of the proposed method are

Method FD HD AD
LEACH [13] 987 1138 1417
LEACH-C [14] 1275 1288 1418
HEED [24], [35] 690 1301 1609
PEGASIS* [23] 675 1362 1544
EEBC-LEACH [17] 1189 1323 1816
FBCR-LEACH [32] 835 1195 1850
Proposed method 1381 1434 1924

Tab. 4. Value of FD, HD, and AD measures for each method over
multiple rounds with base station is at 50 m×175 m.

Fig. 7. Comparison of number of alive nodes over rounds.

compared with other recent approaches like HEED [24], [35],
fuzzy-based FBCR LEACH [13] and EEBC LEACH [17].
The proposed method demonstrates higher value across all
three metrics (FD, HD, AD),indicating an improvement in
the network longevity shown in Tab. 4.

6.3 Energy Dissipation vs Rounds
Figure 8 illustrates the total energy consumption of

a wireless sensor network over multiple rounds for differ-
ent clustering protocols, including LEACH [13], LEACH-
C [14], EEBC-LEACH [17], and the proposed method. The
results indicate that the proposed method maintains energy
efficiency over a more extended period compared to the other
approaches. The LEACH protocol exhibits the fastest energy
depletion, followed by LEACH-C and EEBC-LEACH. The
proposed method demonstrates superior energy efficiency,
prolonging network lifetime by sustaining energy levels for
more rounds. This finding highlights the effectiveness of
the proposed approach in efficiently energy utilization and
enhancing network longevity in wireless sensor networks.

Table 5 presents an average of ten simulations of the
overall network’s remaining energy at different rounds. Com-
pared to the proposed method, 87%, 68%, and 45% of the en-
ergy is drained from existing LEACH [13], LEACH-C [14],
and EEBC-LEACH [17], respectively, at the similar 1250
rounds.At the 2000 round, the first two methods were fully
depleted, the third one had 0.0045 J residual energy, and the
proposed method had 0.0151 J energy showing better en-
ergy management.

No. of
round

LEACH
[13]

LEACH-C
[14]

EEBC-
LEACH
[17]

Proposed

1000 7.7720 11.2575 11.1317 11.7786
1250 0.6689 1.6344 2.8494 5.2274
1500 0.0000 0.0000 0.1623 0.0907
2000 0.0000 0.0000 0.0045 0.0151
2500 0.0000 0.0000 0.0000 0.0000

Tab. 5. Average energy (in each case) in network vs rounds.

Fig. 8. Comparison of total energy available in the system.
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Fig. 9. Comparison of number of packets sent to sink node.

6.4 Throughput
Throughput is the actual number of data packets suc-

cessfully transmitted over a network from a cluster head node
to a sink node in rounds. It is a key performance metric in data
communication and network performance, and measurement.
Higher throughput means better network efficiency and faster
data transmission. As presented in Fig. 9, the number of pack-
ets successfully transmitted over multiple rounds for different
clustering protocols, including LEACH [13], LEACH-C [14],
EEBC-LEACH [17], and the proposed method. Figure 9
clearly shows that the proposed method significantly outper-
forms the other protocols in terms of packet transmission,
achieving the highest number of successfully delivered pack-
ets. The EEBC-LEACH performs better than LEACH-C and
LEACH. The proposed method’s steep rise in packet trans-
mission suggests enhanced network stability and prolonged
lifetime, making it more efficient in data delivery.

This improvement underscores the effectiveness of the
proposed approach in improving network performance by
increasing data throughput while maintaining energy effi-
ciency. The network throughput of the proposed method
is much higher than the existing LEACH, LEACH-C, and
EEBC-LEACH methods, which reflect in percent of 87%,
62%, and 37% respectively.

6.5 Network Computation Time
The trend in the graph of Fig. 10 shows an almost expo-

nential rise in computation time with increases in the number
of nodes. However, it can be brought to manageable level by
using the high-speed processor, faster and larger storage etc.

In this section, the performance of the proposed method
is compared with existing recent methods, and results are
tabled above. It is evident that the proposed method improves
the lifetime of the WSN network by 8% with the recent ap-
proach EEBC-LEACH [17]. The improvement is achieved
by using (5)–(7), which regulated the energy dissipation of
the sensing nodes. These equations are collectively used in

Fig. 10. Network computation per round time with respect to
number of nodes.

the proposed algorithm for the selection of cluster heads that
have a longer life span. Further, to support the enhancement
of WSN lifetime, two other vital parameters, viz. threshold
distance value and the node degree value (number of nodes in
a CH) are used. The threshold distance value ensures that the
sensing nodes affiliated to the cluster are at a short distance,
thereby reducing the energy consumption needed for data
packet transmission. The node degree value prescribe the
candidates for being CH located in the area where the num-
bers of neighbouring sensing nodes are high. These three
parameters incorporated in the proposed algorithm improved
the overall lifetime of the WSN, which is a desired parameter
for the IoT applications.

7. Conclusion
Selection of energy-efficient WSN is a challenging pro-

cess, while designing the WSN routing protocol for IoT appli-
cations. The network energy and lifetime both are important
factors, and a lot of research has been done to improve these
factors. The suggested method modifies the cluster heads
selection by considering the average energy of the network,
residual energy, and node proximity. This improvisation has
enhanced the network life and network throughput, which is
one of the major demanding factors in any IoT application.
The proposed method is suitable for a moderate number of
sensing nodes in the sensing area. The suggested work can
further be extended by applying some metaheuristic algo-
rithms to optimize the proximity and cluster head selection
criteria.

Acknowledgments
The authors would like to express their sincere gratitude

to the Director and the Department of Electronics Engineer-
ing, Samrat Ashok Technological Institute Vidisha, Madhya
Pradesh, India for the received invaluable support.



322 B. MEHRA, A. DATAR, ENHANCING WSN LIFESPAN BASED ON EFFICIENT-ENERGY MANAGEMENT . . .

References

[1] MEHTA, R., SAHNI, J., KHANNA, K., et al. Internet of things: Vi-
sion, applications and challenges. Procedia Computer Science, 2018,
vol. 132, p. 1263–1269. DOI: 10.1016/j.procs.2018.05.042

[2] LAGHARI, A., WU, K., LAGHARI, R. A., et al. RETRACTED
ARTICLE: A review and state of art of Internet of Things (IoT).
Archives of Computational Methods in Engineering, 2022, vol. 29,
p. 1395–1413. DOI: 10.1007/s11831-021-09622-6

[3] DAANOUNE, I., BAGHDAD, A., BALLOUK, A. A comprehen-
sive survey on LEACH-based clustering routing protocols in wire-
less sensor networks. Ad Hoc Networks, 2021, vol. 114, p. 1–21.
DOI: 10.1016/j.adhoc.2020.102409

[4] MEHRA, B., DATAR, A. A review paper on wireless communica-
tion technologies for smart community development. In Proceedings
of the IEEE International Conference on Power Energy, Environ-
ment and Intelligent Control (PEEIC). Greater Noida (India), 2023,
p. 366–370. DOI: 10.1109/PEEIC59336.2023.10451167

[5] MEHRA, B., DATAR, A. Evaluation of the quality of service pa-
rameters for IoT in outdoor environment. In Proceedings of the
IEEE 5th International Conference on Smart Electronics and Com-
munication (ICOSEC). Tamil Nadu (India). 2024, p. 839–844.
DOI: 10.1109/ICOSEC61587.2024.10722251

[6] SINGH, S. K., KUMAR, P., SINGH, J. P. A survey on succes-
sors of LEACH protocol. IEEE Access, 2017, vol. 5, p. 4298–4328.
DOI: 10.1109/ACCESS.2017.2666082

[7] CHAN, Y.-K. Challenges and opportunities of Internet of Things.
In IEEE Asia and South Pacific Design Automation Confer-
ence. Sydney (Australia), 2012, p. 383–388. DOI: 10.1109/ASP-
DAC.2012.6164978

[8] MOTLAG ALYOUSUF, R. S. Analysis and comparison on algorith-
mic functions of LEACH protocol in wireless sensor networks. In
IEEE Third International Conference on Smart Systems and Inven-
tive Technology (ICSSIT). Tirunelveli (India), 2020, p. 1349–1355.
DOI: 10.1109/ICSSIT48917.2020.9214149

[9] KANDRIS, D., EVANGELAKOS, E. A., ROUNTOS, D., et al.
LEACH-based hierarchical energy efficient routing in wireless sensor
networks. AEU-International Journal of Electronics and Communi-
cations, 2023, vol. 169, p. 1–12. DOI: 10.1016/j.aeue.2023.154758

[10] BEHERA, T. M., SAMAL, U. C., MOHAPATRA, S. K., et al.
Energy-efficient routing protocols for wireless sensor networks: Ar-
chitectures, strategies, and performance. Electronics Journal, 2022,
vol. 11, p. 1–26. DOI: 10.3390/electronics11152282

[11] SHOKOUHIFAR, M., JALALI, A. A new evolutionary-
based application specific routing protocol for clustered wire-
less sensor networks. AEU-International Journal of Electron-
ics and Communications, 2015, vol. 69, no. 1, p. 432–441.
DOI: 10.1016/j.aeue.2014.10.023

[12] JUWAIED, A., JACKOWSKA-STRUMILLO, L. Improving perfor-
mance of cluster heads selection in DEC protocol using K-means
algorithm for WSN. Sensors, 2024, vol. 24, no. 19, p. 1–18.
DOI: 10.3390/s24196303

[13] HEINZELMAN, W. R., CHANDRAKASAN, A. P., BALAKRISH-
NAN, H. Energy-efficient communication protocol for wireless mi-
crosensor networks. In IEEE Proceedings of the 33rd Annual Hawaii
International Conference on System Sciences. Maui (USA), 2000,
p. 10. DOI: 10.1109/HICSS.2000.926982

[14] HEINZELMAN, W. R., CHANDRAKASAN, A. P., BALAKR-
ISHNAN, H. An application-specific protocol architecture for
wireless microsensor networks. IEEE Transactions on Wire-
less Communications, 2002, vol. 1, no. 4, p. 660–670.
DOI: 10.1109/TWC.2002.804190

[15] BSOUL, M., AL-KHASAWNEH, A., ABDALLAH, A. E. et al.
An energy-efficient threshold-based clustering protocol for wireless
sensor networks. Wireless Personal Communications, 2013, vol. 70,
p. 99–112. DOI: 10.1007/s11277-012-0681-8

[16] BEIRANVAND, Z., PATOOGHY, A., FAZELI, M. I-LEACH: An
efficient routing algorithm to improve performance & to reduce en-
ergy consumption in wireless sensor networks. In IEEE 5th Confer-
ence on Information and Knowledge Technology. Shiraz (Iran), 2013,
p. 13–18. DOI: 10.1109/IKT.2013.6620030

[17] KARMAKER, A., ALAMM, M. S., HASAN, M., et al. An energy
efficient and balanced clustering approach for improving throughput
of wireless sensor networks. International Journal of Communication
Systems, 2020, vol. 33, no. 3, p. 1–9. DOI: 10.1002/dac.4195

[18] HANDY, M. J., HAASE, M., TIMMERMANN, D. Low energy adap-
tive clustering hierarchy with deterministic cluster-head selection. In
IEEE 4th International Workshop on Mobile and Wireless Communi-
cations Network (MWCN). Stockholm (Sweden), 2002, p. 368–372.
DOI: 10.1109/MWCN.2002.1045790

[19] KANG, S. H., NGUYEN, T. Distance-based thresholds for clus-
ter head selection in wireless sensor networks. IEEE Com-
munications Letters, 2012, vol. 16, no. 9, p. 1396–1399.
DOI: 10.1109/LCOMM.2012.073112.120450

[20] DAANOUNE, I., BAGHDAD, A., BALLOUK, A. BRE-LEACH:
A new approach to extend the lifetime of wireless sensor networks.
In IEEE Third International Conference on Intelligent Computing
in Data Sciences (ICDS). Marrakech (Morocco), 2019, p. 1–6.
DOI: 10.1109/ICDS47004.2019.8942253

[21] WADII, J., HADDAD, R., BOUALLEGUE, R. Energy-efficient path
construction for data gathering using mobile data collectors in wire-
less sensor networks. Radioengineering, 2023, vol. 32, no. 4, p. 502–
510. DOI: 10.13164/re.2023.0502

[22] KARMAKER, A., HASAN, M. M., MONI, S. S., et al. An efficient
cluster head selection strategy for provisioning fairness in wireless
sensor networks. In IEEE International WIE Conference on Electri-
cal and Computer Engineering (WIECON-ECE). Pune (India), 2016,
p. 217–220. DOI: 10.1109/WIECON-ECE.2016.8009121

[23] LINDSEY, S., RAGHAVENDRA, C. S. PEGASIS: Power-
efficient gathering in sensor information systems. In IEEE
Aerospace Conference. Big Sky (USA), 2002, p. 3–1125.
DOI: 10.1109/AERO.2002.1035242

[24] YOUNIS, O., FAHMY, S. HEED: A hybrid, energy-efficient, dis-
tributed clustering approach for ad-hoc sensor networks. IEEE Trans-
actions on Mobile Computing, 2004, vol. 3, no. 4, p. 366–379.
DOI: 10.1109/TMC.2004.41

[25] LOSCRI, V., MORABITO, G., MARANO, S. A two-level hierar-
chy for low-energy adaptive clustering hierarchy (TL-LEACH). In
IEEE Vehicular Technology Conference (VTC). Dallas (USA), 2005,
p. 1809–1813. DOI: 10.1109/VETECF.2005.1558418

[26] LEI, Y., SHANG, F., LONG, Z., et al. An energy efficient
multiple-hop routing protocol for wireless sensor networks. In
IEEE International Conference on Intelligent Networks and In-
telligent Systems (ICINIS). Wuhan (China), 2008, p. 147–150.
DOI: 10.1109/ICINIS.2008.69

[27] ARUMUGAM, G. S., PONNUCHAMY, T. EE-LEACH: Develop-
ment of energy-efficient LEACH protocol for data gathering in WSN.
EURASIP Journal on Wireless Communications and Networking,
2015, p. 1–9. DOI: 10.1186/s13638-015-0306-5

[28] LIU, Y., WU, Q., ZHAO, T., et al. An improved energy-efficient rout-
ing protocol for wireless sensor networks. Sensors, 2019, vol. 19,
no. 20, p. 1–20. DOI: 10.3390/s19204579



RADIOENGINEERING, VOL. 34, NO. 2, JUNE 2025 323

[29] PANCHAL, A., SING, R. K. Energy aware distance based cluster
head selection and routing protocol for wireless sensor networks.
Journal of Circuits, Systems and Computers, 2020, vol. 19, no. 20,
p. 218–266. DOI: 10.1142/S0218126621500638

[30] SENNAM, S., KIRUBASRI, ALOTAIBI, Y., et al. EACR-
LEACH: Energy-aware cluster-based routing protocol for WSN
based IoT. Computers, Materials & Continua, 2022, vol. 72, no. 2,
p. 1546–2218. DOI: 10.32604/cmc.2022.025773

[31] SURESH, B., PRASAD, G. S. C. An energy efficient se-
cure routing scheme using LEACH protocol in WSN for IoT
networks. Measurement: Sensors, 2023, vol. 30, p. 1–10.
DOI: 10.1016/j.measen.2023.100883

[32] NADERLOO, A., FATEMI AGHDA, S. A., MIRFAKHRAEI, M.
Fuzzy-based cluster routing in wireless sensor network. Soft Comput-
ing, 2023, vol. 27, no. 10, p. 6151–6158. DOI: 10.1007/s00500-023-
07976-6

[33] ROY, N. R., CHANDRA, P. A note on optimum cluster estimation
in LEACH protocol. IEEE Access, 2018, vol. 6, p. 65690–65696.
DOI: 10.1109/ACCESS.2018.2877704

[34] BEHERA, T. M., MOHAPATRA, S. K., SAMAL, U. C., et al. Resid-
ual energy based cluster-head selection in WSNs for IoT application.
IEEE Internet of Things Journal, 2019, vol. 6, no. 3, p. 5132–5139.
DOI: 10.1109/JIOT.2019.2897119

[35] ULLAH, Z., MOSTARDA, L., GAGLIARDI, R., et al. A compari-
son of HEED based clustering algorithms - Introducing ER-HEED.
In IEEE 30th International Conference on Advanced Information
Networking and Applications (AINA). Crans-Montana (Switzerland),
2016, p. 339–345. DOI: 10.1109/AINA.2016.87

About the Authors . . .

Bharti MEHRA was born in India. She received her B.E
in Electronics & Communication Engineering in 2008 from
Samrat Ashok Technological Institute (Engineering College)
Vidisha M.P. India. She is received her M.Tech in Embedded
Systems in 2011 from DAVV University Indore, M.P. India.
She is currently pursuing Ph.D. degree from Samrat Ashok
Technological Institute Vidisha, Rajiv Gandhi Technical Uni-
versity (RGTU), Bhopal, M.P. India. Her research interests
include embedded systems design, Internet of Things, wire-
less sensor networks and wireless communication.

Ashutosh DATAR was born in India. He received his
B.Tech. in Electronics & Instrumentation engineering in
1989 from Samrat Ashok Technological Institute (Engineer-
ing College) Vidisha M.P. India. He received M.Tech in
Biomedical Engineering from the Institute of Technology
(Now Indian Institute of Technology) Varanasi UP in 1998.
He received the Ph.D. in Biosignal Processing from Rajiv
Gandhi Technical University (RGTU), Bhopal. Presently he
is working as the Professor in Department of Electronics
Engineering at Samrat Ashok Technological Institute (En-
gineering College) Vidisha M.P. India. His research inter-
ests include multirate signal processing, filterbanks, signal
compression, Internet of Things, AI applications in medical
signals and images etc.


