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Abstract

Wireless sensor network has special features and many applications, which have attracted attention of many scientists.
High energy consumption of these networks, as a drawback, can be reduced by a hierarchical routing algorithm. The
proposed algorithm is based on the Low Energy Adaptive Clustering Hierarchy (LEACH) and Quadrant Cluster based
LEACH (Q-LEACH) protocols. To reduce energy consumption and provide a more appropriate coverage, the network was
divided into several regions and clusters were formed within each region. In selecting the cluster head (CH) in each round,
the amount of residual energy and the distance from the center of each node were calculated by the base station (including
the location and residual energy of each node) for all living nodes in each region. In this regard, the node with the largest
value had the highest priority to be selected as the CH in each network region. The base station calculates the CH due to the
lack of energy constraints and is also responsible for informing it throughout the network, which reduces the load
consumption and tasks of nodes in the network. The information transfer steps in this protocol are similar to the LEACH
protocol stages. To better evaluate the results, the proposed method was implemented with LEACH LEACH-SWDN, and
Q-LEACH protocols using MATLAB software. The results showed better performance of the proposed method in network
lifetime, first node death time, and the last node death time.

Keywords Wireless sensor network - Routing - Hierarchical method - Energy consumption - Cluster head selection -
Zoning

1 Introduction growth of electronic technology, self-organization of the

WSNs, as well as the small size and high performance of

The wireless sensor network (WSN) contains a number of
sensor nodes, which are capable of sensing, processing, and
transmitting small-scale information. Considering the
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nodes, WSNs have been used in many technologies, such
as environmental monitoring, systems controlling, track-
ing, and military/security applications. The WSN with its
own distinct design has been widely investigated by
researchers [1].

These networks collect data and information from the
environment, process them, and send them to the base
station. In other words, these networks perform two
important tasks of collecting data from the environment
and transmitting the information.

Given the small size of the sensor, its computational and
processing capabilities are limited and its battery is tiny.
Smaller battery causes early energy drain and loss of sensor
node, which affects the function and application of WSN.
As a result, ‘energy consumption’ is considered as one of
the challenges of this network. Transmission of informa-
tion is a critical task in WSN, which consumes energy
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more than other sensor node tasks, including sensing,
processing, and storing data. Therefore, different routing
protocols were categorized in these networks, which can be
broadly classified into flat and hierarchical protocols. In flat
protocols, all nodes have the same role, are connected with
neighboring nodes within their range, and transmit data
packets to the final destination. In hierarchical protocols,
the nodes have different roles; the normal nodes send their
data to the cluster head (CH) node, which sends the
information to the final destination after aggregating and
compressing. The CH node consumes energy more than
other nodes due to its greater functions (Fig. 1) [2, 3].

In the hierarchical routing algorithm, CHs are initially
formed using selected parameters and then clusters are
formed after other nodes join. Cluster members collect the
data and send them to their CH. Later, the CH sends this
information to the base station (BS) after a series of
processes.

The aims of this study were to:

e Introduce the Low Energy Adaptive Clustering Hierar-
chy (LEACH) protocol and several other protocols
along with their advantages and disadvantages.

e Determine the role of selecting a CH and investigate the
effect of considering residual

e FEnergy criteria and node distance on reducing energy
consumption.

e Study the network zoning and its role in selecting the
CH.

e Present the proposed algorithm and introduce its
advantages and disadvantages.

e Simulate the proposed algorithm and compare it with
LEACH, Quadrant-LEACH (Q- LEACH), LEACH
with Sliding Window and Dynamic Number of Nodes
(LEACH-SWDN) protocols.

e Discuss about the results and make conclusions.

2 Background

The LEACH protocol, designed by Heinzelman et al., is
considered as one of the most popular hierarchical proto-
cols. In LEACH, nodes are based on the threshold formula
and randomly selected as the CH. Node selection, as a CH
or non- CH, is done by the node itself. The LEACH
reduces CH energy consumption by decreasing rotation in
the CH selection process among nodes.

The CH node introduces itself to other non-CH nodes
and the nodes select their CH based on the strength of the
received signal. Later, the cluster is formed after nodes
inform themselves to the CH. The CH is responsible for
collecting data from its member nodes under the specified
schedule, processing and compressing data, as well as
transmitting the data into the BS.

Since the CH node in LEACH has higher energy con-
sumption, designers attempted to balance energy con-
sumption among nodes by selecting the CH on a rotating
and random basis. This protocol does not have a commu-
nication load or a complex control mechanism. It also does
not include different criteria for selecting a CH (such as
node residual energy, distance, etc.), moving nodes,
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scaling, and reliability. Therefore, these issues should be
considered in designing new protocols [4, 5].

The LEACH-SWDN is another algorithm developed
from LEACH. This algorithm has paid attention to the
issue of CH selection to reduce energy consumption. In
LEACH-SWDN, the number of living nodes in each round
was used to calculate the optimal number of CH nodes.
Furthermore, in the threshold formula of this algorithm,
residual energy of the node and node initial energy are
considered, which cause a better CH selection in each
round of the algorithm. One of the disadvantages of this
method is lack of load balancing monitoring in the network
and more energy consumption of the CH due to the addi-
tional work load [6].

The Q-LEACH algorithm, as one of the developed
protocols of LEACH, divides the network environment into
regions, where CHs are selected. Although the proposed
protocol has relative improvement compared to the
LEACH protocol, it has some disadvantages: in each
region, CH selection is based on the initial LEACH. In
other words, CH is selected randomly and based on the
threshold formula, so that residual energy of the nodes is
not considered. As a result, problems of LEACH remain in
CH selection and data transfer [7].

The FL-LEACH protocol uses the concept of a fuzzy
logic based clustering algorithm to select a super CH by
choosing appropriate fuzzy descriptors. These descriptors
include remaining battery power, centrality of the clusters,
and mobility of the BS, which represents sending a mes-
sage to the mobile BS. The idea of BS mobility along with
fuzzy logic increases the network life dramatically. In this
protocol, the fuzzy inference engine (Mamdani’s rule) is
used to select the chance of a super CH [3, 8].

The distance-based low-energy adaptive -clustering
(DISCPLN) protocol was introduced to increase the net-
work lifetime and reduce the packet latency. This protocol
divides the network into several regions (three vertical and
two horizontal planes) containing equal number of nodes to
create a better network coverage and cause proper distri-
bution of CHs in homogeneous and heterogeneous sensor
networks. In central regions of the network, nodes send
their information to the base station directly. In other
regions, according to the LEACH protocol, only one CH is
selected from each region and then information is collected
from all nodes of the region and sent to the base station [9].

Another improved LEACH protocol is the MMR-
LEACH (Multi-tier Multi-hop Routing in LEACH) Proto-
col. This protocol uses CH layering in the network by
selecting two CHs. The BS divides the entire network into
several multi-tiers. The main CH is responsible for col-
lecting, compressing, and transmitting data to the BS as
well as selecting the vice CH based on the residual energy.
In the process of data transmission, the vice CH acts as an

interface between the main CHs of the network bottom
layers and the BS. This protocol operates in three phases of
clustering with two CHs, cluster layering by BS, and
scheduling [10].

Basu et al. introduced a hierarchical algorithm to extend
the life of wireless networks using the clustering technique.
In this algorithm, another phase, called segmentation phase
is added to the set-up and steady state phases of the
LEACH algorithm, which is calculated before the other
two phases in the network. In this hierarchical algorithm,
the base station is aware of the location of all network
nodes and the number of network regions is determined by
the user (by trial and error experiments). Each node
exchanges information only with members of its regions.
Any addition or removal of nodes is noted by the base
station. In selecting the CH, a new threshold formula is
introduced according to the number of living nodes and
information transfer such as LEACH algorithm. The find-
ings showed that the proposed method had a longer lifes-
pan and lower energy consumption compared to the game
theory model algorithm [11].

Anzola et al. proposed a hierarchical routing protocol
based on the k-d tree algorithm that uses network seg-
mentation to organize nodes and clusters. This protocol
divides the network into k parts and creates clusters within
each region. The k-d tree creates a two-hop hierarchical
network, based on which the corresponding tree is con-
structed according to the position of each node to transfer
data to the base station. The results show an improvement
in network latency and performance [12].

In the EESRA (Energy-Efficient Scalable Routing
Algorithm) routing protocol, the goal is to extend the
network’s lifetime and increase its size. In this protocol, the
randomly selected CH adopts a three-layer hierarchical
routing to minimize the CH load and uses multi-hop
transmissions for intra-cluster transmission.

Furthermore, each CH selects one or more eligible
nodes to act as cluster congregation. These cluster con-
gregations are responsible for retrieving and collecting the
measured data from their cluster members and transmitting
them to the CH using the hybrid MAC protocol, which
includes sleep and collision avoidance mechanisms for
sensing data [13].

Fragkos et al. introduced a new evacuation planning
mechanism to support the distributed and autonomous
evacuation process in operation of a public safety system.
The proposed system of Evacuation Strategy through
Clustering and Autonomous Operation in Public Safety
Systems (ESCAPE) is operated based on the principles of
reinforcement learning and game theory in two layers of
decision making. As stochastic learning automata, evac-
uees initially select a path for evacuation and model to
move according to the past decisions during the current
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evacuation. As a result, a cluster of evacuees is created in
each evacuation path and the evacuators decide whether to
evacuate through the specific evacuation path in the current
time memory. The evacuees’ competitive behavior is
modeled as a minority game in each specific evacuation
path. The second layer determines whether the evacuators
of each cluster move towards the selected initial evacuation
path or not. In this process, the evacuees’ mobility during
the evacuation process is considered by taking into account
the evacuation rate along the selected evacuation path. The
proposed ESCAPE algorithm was introduced for evacua-
tion with low complexity that is distributed to implement
both above-mentioned layers of decision making. The
proposed framework, evaluated by three scenarios of 1)
Minority game, 2) Reinforcement learning, and 3) Benefits
of learning, shows better performance in a process [14].

3 The proposed algorithm

As mentioned earlier, energy consumption is an important
problem in the hierarchical routing algorithm. Therefore,
different solutions have been proposed to reduce energy
consumption. In routing methods, CH has different
responsibilities (such as clustering, collecting and aggre-
gating the data, contacting with the BS for sending infor-
mation); consequently, its energy consumption is higher
than normal nodes. Therefore, the problem of selecting the
CH has been met in the proposed algorithm by considering
some criteria, such as node residual energy, node distance,
number of active nodes per round, and node location [15].
In the proposed algorithm, CH selection is performed in
regions where the network is divided. Moreover, to reduce
the energy consumption of normal nodes and CH, the task
of selecting the CH is assigned to the BS.

Considering that the proposed algorithm was developed
from the LEACH algorithm, more attempts were made to
compare it with an important and similar algorithm. In this
regard, the Q-LEACH and LEACH-SWDN algorithms
were considered, since they are among the most important
and effective known methods in this area. The reason for
choosing these two methods is due to the special feature of
each of the algorithms. The LEACH-SWDN algorithm
takes into account the optimal number of the CH in a
dynamic environment, which is also mentioned in various
studies [16-19].

The Q- LEACH algorithm pays special attention to the
better network coverage parameter, as shown by various
studies [16, 19, 21-23].

Of course, both methods have disadvantages. In the
proposed method, we tried to use these two important
parameters (selecting the CH and network coverage) to
increase the life of the network. The proposed method also
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has disadvantages (single hop, scalability, etc.). Which will
be discussed in future studies.

3.1 Methodology

In the proposed algorithm, the network is divided into
several regions and the nodes are randomly assigned to the
network. The BS is aware of the location of each node and
the coordinates of each region. After locating the nodes in
each region, BS informs each node to select CH and form
cluster in each region.

In the proposed algorithm, the environment of 100 by
100 square meters is considered to be divided into 4
regions (al, a2, a3, a4), which can be seen in Fig. 2.

The general relationship of regions is represented in
Eq. 1:

an :A<xm7 Ym) (1)

The coordinates for 4 regions, where 100 nodes exist in the
network, are represented in Eqs. 2 to 5 [7, 24].

al : x €0,50], y € [0,50] (2)
a2: x € [51,100], y € [0,50] (3)
a3: x €[0,50], y e [51,100] (4)
ad: x € 51,100, y € [51,100] (5)

Like LEACH, this algorithm consists of several rounds
and each round has two phases of ‘set up’ and ‘steady
state’. The set up phase contains selecting CHs, getting
membership of CHs, clustering, as well as timing for
sending data. In the steady state phase, information is
transmitted from the CH to the BS based on the cluster
created in the set up phase [4].

Different criteria can affect CH selection, such as
maximum residual energy, minimum distance to gravity
center of the cluster, and minimum distance to BS.
According to previous studies, the two criteria of maximum
energy and minimum distance had a greater impact on
reducing energy consumption, which was considered in the
proposed algorithm.

3.1.1 Set up phase

After zoning the network and informing each node about
the region and center, the process of CH selection begins.
In the proposed algorithm, unlike the LEACH protocol, the
BS selects and informs the CH and notifies to nodes of each
area. The BS selects CH in each region based on the
threshold Eq. 6.

T(l‘l) — Eifcurrent * Difcurrem‘ lfl’l €G
0 otherwise

(6)
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Fig. 2 The network regions [20]
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where E; .,ren: 1S the residual energy of the node and D;.
current 18 the distance of each node from the center of the
region; D; ...r.n; has a constant value since the nodes are
static.

In LEACH protocol, variable K is defined as K = P*N;
in which, N is the total number of nodes in network and
P is the predetermined number of CHs.

In order to obtain the optimal number of CHs in the
proposed algorithm, N was used as the active nodes in each
region, which has led to dynamic and better selection of
CHs. The BS calculates K, determines the threshold value
of the nodes in each region, and selects K number of the
highest values as the CH [25, 26].

This study was designed in the small simulation envi-
ronment. In order to consider large and real environments,
the distance from each sensor to region center was mea-
sured by each node based on that regions and network
range were determined from Euclidean distance Eq. 7

d(i, CAj) = \/(Xz - XCA]»)Z“F(Yi - YCAJ)Z (7)

where Cy; is the coordinate of each center region in the
network, i is the coordinate of each node and j = 1,2,3,4.

The location of each sensor in region is determined
according to the closest distance (minimum distance) to
each center. Considering that the node computing process
consumes lower energy than information exchange of the
sensor nodes with the base station or the sensors with
Global Positioning System (GPS), the computing process
by node resulted in optimal energy consumption. It should

. — Cluster
Heads
' Normal
./ Nodes
o~ ~ a4
~ O ) ‘&
o R o)
el - l' '
P @ /]
./ / -
m oo/BO 4
O o ©
| -~
h
O O © O
S - a2
[N @) A~ ~
- &, _— ./
\ —
o \ O
- o,/ R
) O / @)
- ) v'/ D)
(_) IY ~ —
L
N 100
X-AXIS

be noted that after formation of the first round, location
information is sent to the CH at the last allotted time slot of
the sensor. Followed by data aggregation, CH transfers
locations of all its members to the base station at the last
time slot. Consequently, at the end of the first round, base
station is also aware of the location of nodes and their
regions. In the second round and after that, selection of the
CH s is done by the base station based on the threshold
Eq. 6.

For example, if 14 nodes exist in a region and P is
considered .05, then, K will be 14 * .05 = .75; in which
rounded upper and 1 CH is selected. This algorithm guar-
antees the existence of a CH in each region until the last
node is activated. It also avoids direct connection of the
normal nodes to BS in absence of a CH, reduces energy
consumption, and increases the network lifetime.

Later, BS informs the nodes of each region about CH
advertisement and its location, so that both the CH and
other normal nodes are aware of the CH node and its
location. Like the LEACH protocol, normal nodes select
and inform their CH based on the received signal strength
and distance.

Once the members of each CH are identified, the clus-
ters are formed and CH transmits the data based on the
number of member nodes and the time division multiple
access schedule.
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3.1.2 Steady state phase

Once the cluster is formed and members of each cluster are
identified, information transmission begins. Each CH
receives the data from member nodes based on the number
of members and the time division multiple access schedule.
Each normal node sends the data to its CH only in its
allotted time and goes to sleep until beginning of the next
time slots. However, CH is fully active and sends the
collected, aggregated, and compressed data to BS based on
its time schedule.

At the end of each round, each node sends its residual
energy to the CH at the last allocated time slot and the CH
sends it to the BS after being aggregated as the latest
information. This information is used for updating values,
selecting CH, and regulating the set up phase.

In the first round, all nodes have the same energy; so, the
closest node to the region center has a higher priority to be
selected as the CH. However, in the second round onwards,
residual energy and distance affect CH selection based on
the threshold Eq. 6.

Given the high cost and complexity of designing WSN,
especially on large scales with a large number of nodes,
simulation of networks seem necessary before evaluating,
testing, and validating protocols as well as establishing the
proposed algorithms prior to their real time. The aim of
simulation is to explore new ideas more quickly and under
different conditions. In this study, received signal strength
indication (RSSI) was used to estimate the distance and
formation of clusters as well as membership of the CH. The
RSSI method is more appropriate in WSN, due to the
limited power of nodes, communication overhead, lower
price, as well as less complexity in operation and signal
disorder. It also considers the RSSI in information transfer
from normal nodes to CHs and to base station. The energy
consumption of nodes and network is calculated according
to the distance, type, and power of information transfer and
energy model.

Data were transferred between member nodes of a
cluster according to the time division multiple access
schedule, in which each node transfers data to its CH at the
allotted time and the node is only sensing the environment
with no data transfer at the non-allotted times. Considering
some sensors’ proximity and overlap of the covered
regions, they may send similar information to the CH,
which is transmitted to the base station after aggregation
and compression by the CH. The energy consumption
required for this aggregation and compression process was
considered in our simulation.

It is worth noting that some rounds may consume more
energy due to the lack of replacement of the CH in con-
secutive rounds, but in general, the simulation results
showed better performance of the proposed method than

@ Springer

the other three algorithms. This can be explained by
mentioning that the balance of energy consumption and
better stability in the network were achieved by network
zoning.

3.1.3 Communication model

Due to the lack of radio spectrum, full communication
without interference is not possible. Other radio devices or
networks may cause interference using similar radio fre-
quency bands. In the case of having a proper and accurate
channel model between the transmitter and receiver, the
input signal can be reconstructed. Sometimes, interference
of other radio devices is very hard and even impossible due
to the limited radio limitation. These problems are more
apparent in real environments considering application type
of the sensor networks as well as in large-scale networks,
where the number and distance of the sensor nodes are
greater. The channel model plays an essential role in
reducing the received signal strength. In this study, single-
hop transmission was used and multi-hop complexity was
neglected due to the small space of the network. According
to the RSSI in this study, the amount of RSSI reduces by
increase of distance between the transmitter end and the
receiver end (d).

Loss of the channel path is calculated and generated
using RSSI values. Therefore, the quality of connection is
calculated using the Eq. 8

RSSI = 101gPr (d) (8)

where Pr (d) (dBm) is the receiver power at distance (d)
and the value of calculation formula for losing the channel
path PL (d) is according to Eq. 9

PL(d) =p +G +G; — Pr(d) (9)

where P, is the transmitter power, G, (dBi) is the transmitter
antenna gain, and G; (dBi) is the antenna receiver gain.
In the real world, calculation of the remaining energy
depends on various factors such as the sensor type, battery
voltage, sensor manufacturer, environment in which the
sensor network is located, and etc. Moreover, accurate
calculation of energy and battery consumption in these
networks is a function of paying attention to the sensor
nodes’ facilities and application type of these networks.
Due to financial constraints and other issues in sensor
preparation, we used the simulation method similar to
many other studies. In this study, the energy consuming
processes were considered, such as: determining the head
cluster and its membership, transferring information from
node to CH and from CH to base station according to the
type and distance of transmission, aggregating information
by the head cluster, and etc. Later, energy consumption of
each node was calculated according to its role in the
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network (a CH or a normal node). The result was sub-
tracted from the initial energy and the remaining energy
was obtained. Considering that the radio unit consumes
more energy, an energy model should be provided.

The energy model used in the proposed protocol is
represented in Fig. 3.

In this model, free-space factor &g and multi-path factor
emp are used. If the distance is less than the threshold, the
free space factor is used; otherwise, the multi-path factor is
utilized. Equations 10 and 11 represent the amount of
energy consumed by the nodes.

Erx(k, d) = Erx(k) + Erx_amp(k, d)

N k.Ee]gC(k7 d) —+ k‘Sfx.dz
Erx(k,d) = { k.Eetec(ky d) + k.pp.d*

(10)

if d<dp
else

(11)

In Eq. 11, E,,. is the amount of energy consumed in
electronic sending/receiving, K is the message size in terms
of the number of bits, d is the distance between the receiver
and transmitter, and d, is the distance threshold. In the case
that the distance between transmitter and receiver is greater
than the threshold, ¢,,, will be used; otherwise, & will be
utilized to send to close distance. Distance threshold value
is obtained from Eq. 12.

dO — 2 st

12

Emp ( )

The energy consumption for receiving k bits data is
calculated by Eq. 13.

Erx(k, d) = Erx—cle(k) = k.Eciec (13)

4 Simulation

In order to analyze, the proposed algorithm was simulated
by LEACH [6], LEACH-SWDN and Q-LEACH protocols
using MATLAB software under the same conditions. In the
simulation, all the sensors are homogeneous and a fixed
location is considered. The used parameters are shown in
Table 1. The reason for comparing the proposed method
with the two algorithms of Q-LEACH and LEACH-SWDN
was their Similarity and close relationship with the pro-
posed protocol. In this study, we attempted to examine the
advantages or disadvantages of the two common

Fig. 3 Energy model [25]
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Table 1 Simulation values
Parameter Value
The size of the simulation environment (X, Yim) 100 * 100
The number of nodes (N) 100
Base station location (BS) (50, 175)
Optimal percentage of cluster head numbers (P) %5
Primary energy of the node S
Energy data aggregation (Epa) 5 nl/bit/signal
Data packet length 6400 byte
Control packet length 200 byte
Round time (T) 20 S

Free space (eg)

10 pl/bit/m®

Multi-path () /0013 pJ/bit/m4

algorithms, considering their alterations and problems. As
mentioned in the research background, the network is
divided into several regions and clustered in the Q-LEACH
algorithm, while the remaining energy in the energy
threshold formula and the number of living nodes for the
head cluster were noted in the LEACH-SWDN algorithm.
The following criteria were considered for the analysis of
protocols:

e Death time of the first node: That is the round number
in which the first node died.

e Half node death: The round number in which half of the
network nodes died due to power outage.

e The last node death: The round number in which the
last node in the network died due to power outage.

Based on the criterion “death time of the first node”, the
network is more stable and better results are achieved in
later death time of the first node; since node death may
destroy part of the information and network coverage may
be disrupted. As Fig. 4 reveals, LEACH protocol causes
premature death of nodes and loss of network due to ran-
dom selection of the CH and lack of a proper mechanism.
In LEACH-SWDN protocol, use of node residual energy.

Criterion in CH selection leads to energy consumption
reduction. The Q-LEACH protocol had better results by
zoning and rotating CH selections in each region compared
to the two above-mentioned protocols. For a better

% Eri(k, d) ’ | Ea®
k bit packet ] | k bit packet |
— Transmit [ 1« Amplifier Rcccnv? >

! Electronics || Electronics

| Btk ke L Bwtk |
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Fig. 4 Simulation results based on network lifetime

representation and analysis of the results, a comparison of
the proposed algorithm and the three protocols is presented
in Table 2.

The proposed algorithm improved by 74%, 60%, and
40% in terms of “death time of the first node” compared to
LEACH, LEACH-SWDN, and LEACH algorithms,
respectively. This indicates stability and lifetime of the
network. Moreover, the proposed algorithm for the criteria
“half node death” and “the last node death” improved by
95% and 84% compared to LEACH algorithm, by 24% and
35% compared with LEACH-SWDN, and by 22% and 15%
compared to Q-LEACH, respectively.

4.1 About CH number

Simulation results of the proposed algorithm, compared to
the other three protocols, in terms of “CH number” are
represented in Fig. 5. In LEACH protocol, no specific rule
exists for the number of CH, which is based on probability.
In Q-LEACH protocol, the number of CH is higher than
LEACH protocol due to zoning. The LEACH-SWDN
protocol performs better than Q-LEACH and LEACH
protocols in terms of the number of CH using of the new
threshold formula, residual energy of the nodes, and sliding
window for random number selection. However, in
Q-LEACH protocol, the LEACH protocol selection pro-
cess is used, which does not include the node residual
energy mechanism.

The results are better in the proposed algorithm com-
pared with the other three protocols considering using of
residual energy, node distance, and network zoning. As
Fig. 5 illustrates, the beginning of reduction in the CH
number occurred during the round 840 in the proposed
algorithm. This can be justified by stepped energy con-
sumption of the nodes. The number of CHs decreases in the
proposed algorithm because it guarantees one CH in each
region. In the round 1354, the number of CHs was
decreased to 3, which indicates that the nodes of one region
were completely lost (all were dead). The simulation
results may be different at each simulation run due to the
random distribution of nodes and the number of nodes in
each region.

5 Results and discussion

In the proposed method, the number of CH nodes was
determined based on the number of living nodes in each
round. The number of CH nodes may be the same in dif-
ferent rounds, but based on the threshold Eq. 6, the CH
node is changing and rotating based on the residual energy
of the node and distance of each node from the center of its
region. Considering the limitations (purchasing sensors,
etc.), we had to use the simulation environment using the
MATLAB software. In order to have a better simulation of
the real environment, the location of nodes was randomly

Table 2 Comparison of the

L. Protocol name
three indicators

The First dead node

Half the active node The last dead node

LEACH 408
LEACH-SWDN 445
Q-LEACH 506
Proposed algorithm 712

519 769
708 1206
831 1231
960 1505
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determined, which made the simulator to represent differ-
ent results after each run.

In the proposed algorithm, a better network coverage
was created and death time of the first node was extended
due to network zoning and CH selection within each
region. The number of CHs improved in each region due to
the number of active nodes at each round in K equation.
Considering the new threshold formula in addition to the
residual energy criterion, the node distance was considered.

Unlike the LEACH protocol, the BS selects the CH and
informs each node of its status (whether it is a CH or a
normal node) due to the lack of energy limitation for the
BS and high processing power.

In the proposed algorithm, although the “death time of
the first node” was improved, the gap between “death time
of the first node” and “death of the last node” criteria
increased. This may affect network coverage or environ-
mental data collection, which may necessitate further
investigations.

6 Conclusion

Hierarchical routing algorithm is one of the solutions that
reduces energy consumption in WSN and has been con-
sidered by many researchers.

The proposed algorithm, developed from LEACH and
Q-LEACH protocols, introduces a new threshold formula
in which CH is selected based on the residual energy of the
node and distance criteria. Moreover, the number of active
nodes in each round was used for the number of in each
region, which caused unstable number of CHs and was
calculated based on the number of active nodes. Network
zoning and forming clusters within the region led to a
better network coverage across different regions of the
network. Furthermore, the process of CH selecting and
informing the nodes is done by the BS, which reduces the
workload on nodes to select the CHs and reduce energy
consumption of the sensor.

The simulation results show that the proposed algorithm
performs better than the other three protocols in terms of
the “first death node” criterion. In the proposed algorithm,
this criterion was improved by 74%, 60%, and 40% com-
pared to LEACH, LEACH-SWDN, and Q-LEACH proto-
cols, respectively.

The proposed algorithm does not include other param-
eters such as nodes’ load and quality assurance criteria,
which can be addressed in the future studies.
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