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Abstract

Wireless Sensor Network (WSN) is a group of small, intelligent sensors
with limited resources. WSN has limited energy restrictions, so, the network
lifetime is the major challenge that directly affect the efficiency of the
network. This work presents an energy-saving clustering hierarchical algo-
rithm for WSNs; it is an improvement of Low-Energy adaptive Clustering
Hierarchy (LEACH) algorithm. The aim of this algorithm is to minimize
power consumption by the appropriate election of new cluster heads in every
data transfer round and avoid network collisions. This goal achieved by using
an efficient function to select the best cluster heads nodes in each round,
which takes into account the current energy in the sensors. The proposed
algorithm improves the cluster formation process by relying on the shorter
distance to the base station. The Time Division Multiple Access (TDMA)
mechanism also utilized to schedule the transmission of data packets to
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cluster heads nodes and to avoid data packet collisions at the base station.
Experiments conducted in MATLAB R (2020a) software showed that the
suggested algorithm extended the network lifetime by 14.5%, and improved
the network throughput by 16.8% compared to the LEACH algorithm.
That means, the proposed energy-saving clustering hierarchy algorithm has
improved the performance of the LEACH algorithm in term of enhancing
network lifetime and increasing network throughput.

Keywords: WSNs, LEACH, clustering, TDMA, MATLAB.

1 Introduction

The great development in microelectronic and electromechanical circuits, in
addition to the recent development in wireless communication systems, led to
the production of small-sized smart sensors with limited power, which have
the ability to communicate wirelessly with each other, forming a network,
which called wireless sensor network (WSN). These sensors designed to read
the physical changes in the respective environments, convert them into digital
signals, and then send them to the base station via other nodes [1]. Since,
network sensors have limited battery power and it is very difficult to recharge
or change the battery, researchers have developed many solutions to this
problem by producing sensors with low-power architectures and developing
several energy-saving routing protocols [2].

Low Energy Adaptive Clustering Hierarchy (LEACH) [3] is a common
hierarchical clustering protocol proposed to reduce nodes power consumption
in WSNs. The LEACH protocol relies on the probabilistic method when
choosing which nodes will represent the clusters heads (CHs), since each
node will create a random number and then compare it to a certain threshold
value, if it is smaller than that, then this node chosen as the CH node.
According to this scenario, there are some shortcomings as there is no
guarantee in balancing the distribution of power consumption among nodes
in clusters, whereas, the remaining energy in the nodes was not taken into
consideration when choosing a CH. In addition, the LEACH protocol did not
take into account the distance between the sensors and the sink when forming
the clusters, which causes poor distribution of nodes to the clusters properly,
thus a large waste of energy [3, 4, and 5].

Zhen Zhao, et al., in 2019 [6] proposed a modified protocol depended
on the original LEACH algorithm. The proposed protocol addresses the
problems of the LEACH protocol, with consideration the factor of remaining
power in the nodes as a criterion for selecting cluster heads, and the proposed
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protocol determines the optimal number of CHs in the network. The results
obtained after conducting experiments with the MATLAB simulator showed
that the suggested algorithm enhances the stability, lifetime and performance
of the network compared to the LEACH algorithm.

Gou, et al., in 2019 [7] defined an energy efficient clustering rout-
ing (EECR) method for wireless sensor networks. The suggested method
improves upon the LEACH algorithm at the cluster formation stage, as it
uses four sub-thresholds, all of which, when designed, depend on the amount
of remaining power in the nodes, the number of nodes that represent the
CHs, the distance to the base station, and the cycle number in which the
node becomes a CH. The proposed protocol also optimized the steady-state
phase, utilizing ideal path, multipath attenuation and free spatial models for
data transmission to the base station. The results of the experiments displayed
that the EECR method effectively extends the lifetime of the WSN compared
to LEACH-C, LEACH, EEUC and HEED.

Shilpi Jain, and Navneet Agrawal, in 2020 [8] defined an energy-effective
clustering hierarchical algorithm; it is an enhancement of LEACH approach.
The proposed approach designed to extend the network lifetime by appropri-
ate election of the cluster heads nodes, depending on the remaining power in
the nodes after comparing it to a certain threshold. The proposed algorithm
relies on the shortest distance as a determinant to transfer data from CHs
nodes to cache node. Simulation result showed that the suggested algorithm
performed preferable performance in terms of power consumption, network
throughput, alive and dead nodes compared to LEACH approach.

Ikram Daanoune, et al., in 2021 [9] suggested an algorithm to improve the
LEACH protocol. The proposed algorithm designed to extend the lifetime of
WSNs by appropriate selection of the best nodes to represent as a CHs, taking
into consideration the residual power in the nodes, the appropriate number of
nodes in each cluster, identifying dead nodes and determining the optimal
route for sending packets to the base station. The results of the experiments
proved that the suggested approach provided better performance towards
extending the network lifetime compared to that achieved by the LEACH
protocol.

So, this article focuses on the design and implementation of an energy-
saving clustering hierarchy algorithm for the WSNs. The proposed algorithm
designed for overcoming the limitations of the LEACH algorithm. The sug-
gested algorithm improves the function of choosing the cluster heads nodes
by taking into account the residual power in the sensors, so, the power
consumption between the clusters nodes will balanced by precisely selecting
the nodes that will represent the CHs nodes. The proposed algorithm also
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improves the clusters formation process in the LEACH protocol by relying
on the shortest distance to the base station as a determinant to connect the
node to its appropriate cluster. In addition, the proposed algorithm used
a Time Division Multiple Access (TDMA) approach [10] to schedule the
transmission of data packets to cluster heads nodes and to avoid data packet
collisions at the base station. This article organized as follows: Section 1
introduces WSN with a brief review of the previous literature. Section 2
show an overview of the LEACH protocol. Section 3 provides an overview of
the offered system. Section 4 presents details about the suggested algorithm.
Section 5 provides analyses of simulation results. Section 6 outlines the
conclusions.

2 LEACH Protocol Overview

Low Energy Adaptive Clustering Hierarchy (LEACH) protocol is an impor-
tant hierarchical clustering algorithm, which designed to minimize power
consumption in WSNs. The hierarchical structure of the LEACH protocol
built based on distribution of sensors in several clusters, and then every
cluster chooses an appropriate node representing as CH, who elected by
probability [3]. The processes steps in the LEACH protocol can divided into
two main phases: the set-up phase and steady state phase. The first phase
includes the process of identifying the CHs nodes in addition to the process
of forming the clusters. The second phase of the LEACH algorithm involves
initiating nodes to perform their function by sensing data from the respective
environments and then sending it to the CHs, which deliver data packets to the
sink according to the algorithm’s hierarchical distribution [3, 11]. The process
of electing cluster heads based on the principle of probability, where, in every
round, each node will generate a random number between zero and one.
When, the random number lesser than a certain threshold (Th(N.S)), this
node will chose as the CH node for this round only. However, in the event
that the random number is greater than the specified threshold, this sensor
will arranged for a specific cluster, based on the approximate distance to the
closest CH node. Threshold value (Th(N.S)) can calculated according to the
following Equation (1) [3]:

Th(N.S) =


Per

1− Per × (Ro mod 1
Per )

N.S < S

0 Other

(1)
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Here, (N.S) indicates the number of sensor nodes in the network. (Per)
represents the ratio between the expected numbers of the selected cluster
heads to the number of sensors. (Ro) represents the value of the current cycle.
(S) Refers to the set of sensors that was not acted as a cluster head in the final
(1/per) cycles.

The LEACH protocol has many advantages, but it also has some weak-
nesses, which are as follows [12, 13, and 14]:

1. Do not take into account the amount of energy remaining in the nodes
when choosing CHs, so, When a CH node loses power (dies), all cluster
sensors become unused, because their packets does not reach the base
station in the current cycle.

2. The LEACH algorithm does not care about the distance between the
CHs and the sink when transmitting data, which leads to a large waste
of energy if the transmission distance is large.

3. The LEACH protocol does not have a specific metric to define the
ideal number of CHs in the network, because it adopts the principle of
randomness when selecting CHs.

4. After selecting the CHs nodes, the other nodes distributed to the CHs
according to the distance between them, so there is a large discrepancy
between the numbers of nodes in the different clusters.

5. Some clusters have a CH in the middle, and some at one end of the
cluster, which results in a great waste of energy.

6. LEACH algorithm is not effective for very wide WSNs.

3 Overview of the Proposed System

In the LEACH protocol, cluster heads nodes are elected without taking into
account the amount of energy remaining in the sensors, sometimes a CH node
is selected that does not have enough power to collect and transfer data from
the rest of the cluster members to the sink [15]. Therefore, the proposed
algorithm used the remaining energy in the nodes as the main parameter
when choosing the next CH node, which leads to an increased balance of
energy consumption among the network sensors, thus increases the network
lifetime. The proposed algorithm also uses the distance parameter (between
nodes and the sink) as a determinant of nodes belonging to the appropriate
clusters at the stage of cluster formation (in the LEACH protocol, the non-
CHs nodes organized with CHs depending on their proximity). The suggested
algorithm relies on the multi-hop method to transmit data when the distance
between the nodes and the sink is large and the one-hop method when the
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Figure 1 Network topology.

nodes are close to the sink. These methods reduce the energy consumption of
the nodes and gives an opportunity for irregular cluster nodes to connect and
transmit data to the sink directly. Figure 1 illustrates the network topology
used in this work. It includes a number of sensors randomly installed in
a specific area. For obtaining the hierarchical structure, we assumed that
the homogeneous network sensors consist of two classes, all of which send
data to one fixed base station (sink). The first class of sensors represents the
members of clusters. The second category is the nodes representing the CHs,
which are the nodes responsible for collecting data packets from other sensors
(cluster members) and sending it directly to the sink.

In the proposed algorithm, sensors devices randomly distributed in the
specific area, so, in order to have a high chance of relax in working from
some limitations, we will define the following assumptions:

1. All devices are fixed in their locations and do not move after installed.
2. The base station is stable in place.
3. All sensors are similar in terms of computational capability and initial

power (the network is homogeneous).
4. A GPS antenna does not support sensors.
5. There are no restrictions on the base station in terms of memory,

computing capability and power.
6. The sensors do not have any power boost after they are installed, which

means that their battery cannot be recharged or replaced once it is in
place.

The following algorithm reviews the basic steps of the proposed model:

Step 1. Forming a WSN by deploying (100) sensors with the base station
(sink) in a specified area (100 × 100) meter.
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Step 2. The base station broadcasts requests (packets of information) that
contain its coordinates in the area.

Step 3. Sensor nodes respond by broadcasting packet of information con-
taining the sensor ID, power level, and coordinates, after receiving a
base station request.

Step 4. Neighbours sensor discovery (number of neighbour nodes, remaining
energy, distance among sensors and distance to sink).

Step 5. In each cycle, the sink will choose the CHs nodes by comparing the
random number generated by each node in the network with a certain
threshold (taking into account the amount of energy left in the nodes).

Step 6. CHs nodes broadcast an announcement to the remaining neighbour-
ing nodes for forming the clusters according to the distance between
sensors and the sink.

Step 7. CHs (parent nodes) allocate TDMA to each child node, and then
sensors start sending their data to their CH (If the distance between
the sensor and the CHs is less than the distance between the sensor
and the sink, otherwise the node will transmit its data directly to the
sink).

More details about the proposed algorithm provided by the following
flowchart:

4 The Proposed Energy-Saving Clustering Hierarchy
Algorithm

4.1 Cluster Heads Determination Phase

Setup phase is the first and most important process in the LEACH protocol,
in which CH selected and clusters formed. The process of selecting the
cluster heads nodes in the LEACH protocol depends on the principle of
probability, and according to this principle, the process of distributing energy
consumption among all nodes is not done well (there is no balance in energy
consumption between the network nodes). In addition to the fact that the
selection of the CHs nodes did not care about the amount of energy remaining
in the nodes, in some cases the CH node is chosen and it does not have enough
energy and this leads to the death of the nodes at early and varying times [16].
In order to improve the balance of power wastage in the wireless sensor
network, the process of determining the suitable CHs nodes will implemented
in the proposed algorithm according to the following scenario:

The base station (sink) broadcast the Hello message to all sensor’s devices
deployed in the work area. When, the sensors receive hello message, they
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Figure 2 Flowchart of the suggested approach.

broadcast an acknowledgement message that includes the node’s ID, the
amount of power it has, and the coordinates of its location within the respec-
tive region. After the base station receives the acknowledgment message from
the sensors, it stores the sensors information in its memory (sensors ID,
power level and sensor’s location). Therefore, the base station will learn the
complete network topology, based on the information stored in its memory.
After that, All network nodes generate a random number with a range from
(zero to one), these random numbers will be compared to a certain threshold
the CHs nodes. In each round (except for the initial round: the residual power
and the initial power are equal), the energy remaining at each node will
calculated to determine the appropriate threshold for it. The remaining energy
in the contract calculated based on the following relationship [17]:

R.E(node) = C.E(node) − (E.tx+ E.rx)(node) (2)
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Here, (R.E(node)) represents the remaining energy in the sensor.
(C.E(node)) stands for the current energy in the sensor. (E.tx(node)) denotes
the energy consumed to send (i) bits to distance (d), and it achieved as follows
Equation (3). (E.rx(node)) denotes the energy consumed to receive (i) bits
from the transmit node, it achieved as follows Equation (4) [9, 18, and 19]:

ETx = Eelec × i× Eamp × i×Dα (3)

ERx = Eelec × i (4)

Here, (i) is the number of bits. The symbol (α) refers to the path loss
exponent, which takes the value (4) when sending the node to the sink, and
takes the value (2) when sending the node to the CH. (Eelec) represents the
energy wasted by the electronic circuits of the device. The symbol (Eamp)
denotes the amount of power used by the amplification circuits, it takes the
value (0.0013 pJ/bit/m4) when sending the sensor to the sink, and takes the
value (10 pJ/bit/m2) when sending the node to the CH [20, 21].

According to the above, if the amount of remaining energy in a sensor
is greater than or equal to 50% of the initial energy of the sensor, then the
random number will compared to the threshold used in the LEACH protocol
Equation (1). Otherwise, the proposed algorithm will use the following
threshold (Equation (5)) to compare with the random number generated in
the node.

E − TH (node) = 2Pro(node) × (R.E(node)/I.E(node)) (5)

Where, (E − Th(node)) represents the threshold value. (Pro(node))
indicates the probability that the device will become CH node. R.E(node)

indicates the amount of remaining power in the device. (I.E(node)) indicates
the initial energy of the node. According to the previous energy threshold
(Equation (5)): when the random number created in a device (between zero
to one) is less than the threshold value (E − Th(node)), this node will be
chosen to be CH.

4.2 Clusters Formation Phase

Agglomerative hierarchical clustering (bottom-up approach) adopted in the
proposed algorithm. Where, the clustering approach starts from nodes that are
considered as simple clusters, which are collected into new clusters (by dis-
tance), until it reaches one cluster. The agglomerative hierarchical clustering
method used because the sensors need only one hop to neighbouring nodes
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to form clusters (therefore, the restrictions of base station are eliminated).
In addition, the aggregation algorithm can implemented with or without
knowing the location of the nodes (qualitative and quantitative data). After
precisely determining which sensors are likely to represent the CHs nodes
in this round, the CHs nodes start broadcasting an advertisement message
(contains its coordinates) to the surrounding nodes by using CSMA-based
MAC protocol [22, 23]. When non-CH nodes receive advertisement messages
from CHs, they will decide which CH to join and form the cluster depends
on the distance (distance between nodes and CHs, taking into account the
distance among CHs and sink). This means that the non-CH nodes will cal-
culate the total distance to the sink through all neighbouring CHs sensors (the
distance to neighbouring CH plus the distance from cluster head to the base
station), and then choose the CH device that achieves its shortest distance.
In the proposed algorithm, the distances calculated according to the Euclidean
model [24]. The Euclidean distance adopted because it calculates the distance
in a two-dimensional (or multi-dimensional) space. Also, because the sensors
features are in the same physical dimensions. Also, because the clustering
depends on the shortest straight distance (between each node and adjacent
CHs plus the straight distance between the CHs and the base station).

Dis(C,D) =

√
(C1 − C2)

2 + (D1 −D2)
2 (6)

Where, (C1, C2) denotes the x-coordinate of the given nodes. (D1, D2)
denotes the y-coordinate of the given nodes.

The agglomerative hierarchical clustering mechanism can depicted using
a Dendrogram. Dendrogram is a tree-like diagram that shows the processes of
merging or splitting of elements to form clusters, as in the following Figure 3

                                    (a)                                                                     (b) 

Figure 3 Clustering by hierarchical technique (a. nodes distribution, b. hierarchical cluster-
ing dendrogram).
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(the root is the base station (the last singular cluster), the leafs represent the
sensors.

After the non-CH nodes selects the appropriate CH that achieves the
shortest distance to the base station, this node will send a notification message
to the chosen cluster head to telling it that it will join it to form the cluster.
This scenario repeated until all network nodes joined to appropriate CH and
clusters formed.

4.3 Data Packets Transfer Phase

After the non-CH nodes joined to the appropriate CH node and clusters
formed, the data transmission phase begins (steady state period). The CHs
sensors will use the Time Division Multiple Access (TDMA) method [6, 25],
for allocating a certain time to each member node in their clusters to send
data. This means, the member nodes will deliver their packets to their CH
device in time slots within a certain period frame. According to the TDMA
method, when member nodes have data to transmit at their appointed time,
they will switched to wake-up mode. In the event that the member node
does not have data to transmit, it will switch to the sleep mode. According
to the previous, using TDMA method will reduce nodes energy loss, thus
will increase nodes lifetime [26]. In addition, using the TDMA method will
reduce packets loss caused by packets collisions, by scheduling the process
of sending nodes to the CH, which will save more energy in the nodes [27].
To save more nodes energy, and allow non-uniform nodes to a certain clus-
ter, the proposed algorithm used the following mechanism when sending
data:

When a device has data to transmit, it will compare the distance to the sink
with the distance to the CH, if it is shorter, it will send its packets directly to
the sink, otherwise, it will send its data to its associated CH.

5 Simulation and Discussion of Results

In this part, we used MATLAB R (2020 a) as a simulation software to prove
the performance of the suggested algorithm towards reducing node power
consumption, extending network lifetime and increasing network throughput.
So, the simulation results were compared with the results of the LEACH
protocol [3] (according to several performance metrics), to prove the suit-
ability of the suggested protocol for WSNs. The proposed algorithm used
Chipcon CC2420 wireless radio parameters, because it consumes little power



286 F. M. Salman et al.

Table 1 Simulation parameters
Parameters Values
Number of Homogeneous Sensors 100
Simulation Area 100 × 100 m2

Packet Size 4000 bits
Hello Packet Size 25 bytes
Initial Energy of each Sensor 0.5 J
Base Station Coordinates (50,100)
Electronics Energy (Eelec) 50 nJ/bit
Free Space Transmission Amplifier Model (Efs) 10 pJ/bit/m2

Amplification Energy (Eamp) 0.0013 pJ/bit/m4

Energy for Data Aggregation (EDA) 5 nJ/bit/signal

Figure 4 Network lifetime.

when sending data [28]. Simulation parameters with their values described in
Table 1 [20, 21, and 29].

Three important performance metrics used to validate the results of the
suggested algorithm by comparing them with the results of the LEACH
protocol, as described in the following subsections:

1. Network lifetime: It refers to the time from the first data packet transmit
across the network until the death of the last device in the network.
Figure 4 outlines the number of live nodes of the WSN when using the
proposed method compared to their number when using the LEACH
protocol, per rounds. We clearly note that the number of live nodes
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Table 2 Dead nodes, per rounds
Protocols First Sensor Die Middle Sensor Die Last Sensor Die
Proposed 982 R 1039 R 1428 R
LEACH 821 R 1003 R 1297 R

during the trial rounds of the suggested method is much larger than
that with the LEACH protocol. Where, with the suggested method,
the first sensor died after 982 rounds, and all sensors died after 1428
rounds. However, with the LEACH protocol, the first node died after
821 rounds and all sensors died after 1297 rounds. That means, the
suggested method has increased the total network time by 14.5% more
than using the LEACH protocol. The good performance of the suggested
method came because of the high accuracy in selecting new cluster
nodes in each data transfer round, depending on the remaining power in
the sensors as the key parameter. In addition to the optimal distribution
of nodes on groups (based on the distance closest to the sink) and the
avoidance of network congestion using TDMA, one-hop and multi-
hop techniques, which reduces dropped packets, and thus reduces the
power lost to retransmission lost packets. Table 2 describes the death of
wireless sensor network devices, when using the proposed protocol and
the LEACH protocol, per rounds.

2. Residual energy: This metric indicates the amount of energy wasted
to complete the node tasks (aggregating, sending and receiving data).
Figure 5 shows how much power consumed in the network during the
simulation period when using the proposed algorithm and the LEACH
protocol. Figure 5 clearly shows that the proposed algorithm consumed
less power up to 95% of simulation time, compared to its amount
when using the LEACH protocol. This means, the proposed algorithm
has increased network lifetime and throughput much more than when
using the LEACH algorithm. The good performance of the suggested
algorithm due to the appropriate selection of the CHs nodes (based on
the amount of power left in the nodes), which led to an increase in
the balance of power exhaustion among sensors and an increase in the
network stability period.

3. Network throughput: This metric indicates the total number of pack-
ets transmitted over the network, which successfully reached the final
destination (sink), per second. Figure 6(a) clearly showed that the total
number of packets that successfully reached the sink when using the
suggested method is much greater than when using the LEACH protocol.
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Figure 5 Residual energy (J).

                                      (a)                                                                      (b) 

Figure 6 No. packets received at the sink.

That means the suggested method achieved the highest throughput
compared to the LEACH algorithm, because the network throughput
is largely dependent on the total number of data packets successfully
accessed at the sink. Where, the LEACH protocol achieved 4280 × 108

data packets, while the suggested method achieved 4991 × 108 data
packets received at the sink. This means, the suggested method has
increased network throughput by 16.8% compared to its throughput
when using the LEACH algorithm. Figure 6(b) displays that the sug-
gested method achieved higher throughput than that achieved with
LEACH during the simulation period, relative to first node death (FND),
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Table 3 Network throughput, per rounds
Protocols Number of Data Packets Received at the Sink
Proposed 4991 × 108

LEACH 4280 × 108

half nodes alive (HNA), and last node death (LND). The high network
throughput achieved by the suggested method came because of having
more live nodes during the simulation period (more live nodes means
sending more packets to the CHs and sink [30]). In addition, the high
throughput of the suggested method is definitely the result of using a
mechanism to send data packets through the shortest path, which reduces
dropped packets. As well as, using the TDMA method that defines the
scheduling process to send nodes to the base station and thus reduce data
packet collision, which leads to a reduction in the number of lost packets.
Table 3 shows the total WSN throughput, when using the proposed
protocol and the LEACH protocol, per rounds.

6 Conclusions and Future Works

In this work, we introduced an energy-saving cluster hierarchy algorithm for
WSN networks, which designed as an optimization of the LEACH protocol,
with the aim of reducing sensors power consumption and extending network
lifetime. The MATLAB simulator used to perform simulation experiments
and analyse the results of the suggested algorithm by comparing it with the
performance of the LEACH protocol using three metrics (network lifetime,
residual power and network throughput). The results of the experiments
clearly displayed that the proposed algorithm extended the network life-
time by 14.5% more than when using the LEACH protocol. Experiments
showed that the proposed algorithm consumes less energy up to 95% of
the experiments time compared to the energy consumed with the LEACH
protocol. Our results also showed that the suggested algorithm increased
the network throughput by about 16.8% compared to its throughput when
using the LEACH protocol. According to the results of the experiments,
the proposed algorithm is more energy effective and more throughput than
the LEACH algorithm. This is because the proposed algorithm uses the
remaining energy in the nodes as a key parameter in the process of selecting
cluster heads, addition to using the distance to the base station as the main
determinant of the distribution of sensors over the clusters. However, there are
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still some shortcomings in the proposed algorithm: first, it does not specify
the ideal number of sensors that will act as CHs (because the algorithm adopts
the principle of randomness in the process of selecting CHs). Second, the
suggested algorithm is not ideal for wide area networks (because the data
goes directly from the CHs to the sink). In the future, the proposed algorithm
can be developed through the use of precise search methods (such as fuzzy
logic or genetic algorithm) to select suitable CH nodes, form clusters, and
determine the least expensive transmission paths. In the future, we plan to
enhance the suggested algorithm by applying the principle of multiple levels
to its structure, to make it suitable for very wide networks. The proposed
algorithm extends by implementing a mechanism to determine the ideal
number of CHs, and to identify the secondary CHs in order to minimize the
energy consumption of the main CHs. In the future, it is possible to add new
security features to increase the reliability of the suggested algorithm in order
to keep the transmitted data confidential.
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