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This research has a research object, namely the
optimization of the LEACH (Low-Energy Adaptive
Clustering Hierarchy) algorithm in the context of wire-
less sensor networks. The problem in this research is
the imbalance in energy consumption across clusters,
which has an impact on battery life and affects net-
work performance. Other problems include selecting
a cluster head that is not focused so that it is difficult
to balance network performance as well as computa-
tional limitations that require optimization. The results
obtained from this research are in the form of optimiz-
ing the leaching algorithm by modifying the cluster-
ing-based leaching algorithm that will be used in wire-
less sensor networks. In carrying out modifications, this
research uses several stages in the process of select-
ing sensor nodes that will become members who func-
tion as cluster heads in a cluster that will be used in a
wireless sensor network. In the LEACH (Low-Energy
Adaptive Clustering Hierarchy) algorithm the cluster
head will be selected based on the modified probabili-
ty value. Modifying the algorithm by considering two
Jfactors, namely distance and remaining energy used in
the Cluster Head selection process on the network and
increasing network usage time must be based on the
energy consumption used and then compared with the
remaining energy. When modifying the LEACH (Low-
Energy Adaptive Clustering Hierarchy) algorithm, it
is necessary to pay attention to the distance factor
between the nodes on a sensor and the selected cluster
so that it can result in increased network performance.
Network lifetime is indicated by the average death time
of the first Node in the network. This research is novel
in producing a modified leaching algorithm by improv-
ing network performance and extending battery life so
that it can be used for wireless sensor networks in the
context of natural disaster mitigation
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1. Introduction

The increasing development of internet of things (IOT)
technology in various applications means that devices are
always connected to internet media, in the process IoT
changes physical devices into shortcut devices that provide
intelligent services [1-3]. The IoT application framework
generally consists of various layers such as the perceptual
layer, network side layer, data processing layer, and applica-
tion side which are integrated with each other [4, 5]. In its
development, IoT technology requires a wireless sensor net-
work which is used to carry out observation processes over
large areas using small computer devices. WSN technology
with many sensor Nodes uses wireless communication meth-
ods [6, 7]. Wireless sensor networks integrate communica-
tion and data processing technologies using sensor Nodes
to collect data and collect information around the sensor
range. WSN can carry out monitoring directly and has ad-
vantages including speed, low power requirements and the
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ability to limit interference that has a large strength. The
wider reach of WSNs is influenced by strong data acqui-
sition and processing capabilities [8]. WSN can detect the
surrounding environment such as earthquakes, humidity,
light intensity, pressure, speed and electromagnetism [9].
Routing algorithms that are often found on the Sensor Net-
work side with Wireless technology will be used to optimize
energy consumption. In optimizing energy consumption
there are processes from Nodes with BTS to routing that can
increase energy efficiency on data transmission communica-
tion lines. The routing process is also needed because of the
large amount of energy at each Node and the bandwidth for
communication on the wireless network [10, 11]. In routing
protocols, there are three approaches that are often used in
wireless sensor networks, namely chain-based, clustering,
and tree-based approaches [12, 13]. The routing algorithm
that will be used in WSN technology is the cluster-based
LEACH algorithm. In this algorithm, Node selection aims to
determine the cluster head which will be based on collecting




data obtained from Node members so that the communica-
tion process can be carried out by the cluster head [14]. In
this research there is an urgency such as the large number
of sensor nodes that are battery operated so that when the
battery power is almost empty it becomes a challenge to
recharge the battery so it is necessary to design a route with
the aim of saving the energy that will be used in limited
amount of energy in WSN. In the context of routing, there
are two architectures in WSN such as flat architecture and
hierarchical architecture. In a flat architecture, it will re-
spond to excess data provided that the density at the Nodes
increases, resulting in an incomplete distribution of energy
so that in a hierarchical architecture its use increases. Previ-
ous research conducted by [15] will implement a cluster head
by utilizing the LEACH algorithm for the remaining Node
energy parameters which results in an increase in energy
consumption of 15 %, another research conducted by [16]
will increase network uptime by implementing Cross-layer
Energy based Clustering (CEC) which produces CEC in
better processing time on energy consumption and number
of packets based on research related to the LEACH algo-
rithm to be applied.

Therefore, studies that are devoted modification of algo-
rithms on cluster selection are scientific relevance because
the results of such studies will improve network performance
and extend battery life for use in wireless sensor networks in
the context of mitigating natural disasters.

2. Literature review and problem statement

In research [17] it is determined flight routes and sched-
ules using a Simulated Annealing (SA) based heuristic algo-
rithm combined with mixed integer mathematics for routing
and scheduling in the aviation industry which will consider
the proposed variable data. The complexity of this problem is
determining the next route when passengers change planes
to the next destination and there is a problem of uncertainty
so that analysis and use of mixed integer mathematics can
overcome this problem. However, this research has weak-
nesses in terms of complicated calculations, especially when
discrete form variables are processed into the model which
makes optimal solutions difficult to achieve.

In research [18] it is introduced the energy-efficient
LEACH (EE-LEACH) protocol for data collection. This
helps provide a better package delivery ratio with less energy
usage. But it may suffer from security attacks because they
only focus on reducing energy consumption and ignore data
confidentiality and integrity.

In research [19] it is presented a centralized routing pro-
tocol called Base-station controlled dynamic clustering pro-
tocol (BCDCP), which distributes energy dissipation evenly
among all sensor Nodes to save average energy and increase
network lifetime. However, the design idea and process of
the BCDCP algorithm are not given in detail. Taking into
account the advantages of channel resources and using the un-
even clustering method, This study proposes a modified clus-
ter-head selection algorithm based on LEACH-LEACH-M.

In research [20] it is implemented a WSN network to
monitor services in the environment, health, agriculture and
disaster mitigation. This research applies an energy efficient
algorithm by utilizing a dynamic canopy and a combination
of the K-Means clustering algorithm. The results of this
research provide a more effective and efficient network ser-

vice life. The weakness of this research is that it is based on
clustering which allows for irregular residual energy so that
it requires implementation and optimization of the leach
algorithm.

In research [21] it is applied the leach algorithm in rout-
ing with a typical concept to reduce energy consumption in
transmission. This research uses a probing model to search
for nodes randomly so that the required cluster head can be
selected. This research combines using fuzzy to form Fuzzy-
LEACH which produces sensitivity at each node to location
dynamically. However, Fuzzy-LEACH has a weakness for
irregular node movements so it is necessary to use optimiza-
tion of the LEACH algorithm.

In research [22] it is optimized the lifetime of the sensor
network (WSN) by saving energy in the data transmission
process. This research selects the cluster head for each WSN
sensor by proposing a solution where particle optimiza-
tion (HPSO) is combined with the LEACH algorithm so
that the distance between nodes and cluster members be-
comes more optimal. However, this research has weaknesses
in the synchronization of HPSO particles so that further
development is needed.

In research [23] it is explained that wireless sensor
networks (WSN) have been used for various applications,
especially on the environmental side, such as monitoring
water quality. The problem that occurs is that WSN often
experiences a lack of energy in devices for operating resourc-
es, which affects performance. To overcome this problem, use
the LEACH algorithm with a combination of the K-means
algorithm to determine the performance and quality of deci-
sion making in determining water quality. Grouping with the
K-means algorithm can help analyze water quality. However,
this research has shortcomings in the use of data because the
k-means algorithm is very influenced by the quality of the
data in grouping so that cluster head selection is more optimal.

In research [24] it is applied a wireless sensor net-
work (WSN) to many applications that require sensors. In
the WSN process, nodes are grouped based on the WSN
needs of each cluster, then each cluster head will collect
data obtained from sensor nodes and synchronize the sub-
merged distance for decision making using an optimization
algorithm so that the cluster head can be optimized so that
parameter values must be optimized to determine network
age and network stability.

In this research single and multi-clusters will be pro-
posed so that it can show the effectiveness of the algorithm.
This lack of research often results in failure in determining
single and multi-clusters so that further development needs
to be carried out.

3. The aim and the objectives of the study

The aim of this study is to present the results of mod-
ifying the LEACH algorithm to improve the performance
of WSN networks by optimizing the LEACH algorithm for
the process of selecting Cluster Heads based on remaining
energy. This research will result in efficient use of energy
and produce a longer network life.

To achieve the following objectives were set:

— determine parameter values and approaches in modify-
ing the LEACH algorithm;

— determine the age of the network;

— determine network stability.



4. Materials and methods

In this research, there will be a research object, namely the
LEACH (Low-Energy Adaptive Clustering Hierarchy) algo-
rithm in the context of wireless sensor networks. The hypothe-
sis in this research is to test the impact of leach algorithm opti-
mization in terms of selecting cluster heads based on remaining
energy which will result in a balance of energy consumption
and increased network sensor performance. This hypothesis
will produce a balanced distribution of energy. The problem in
this research is that many sensor Nodes are battery operated so
that when the battery is almost empty it becomes a challenge to
recharge the battery so routes need to be designed with the aim
of saving the energy that will be used. limited amount of energy
in WSN. This research will use hardware such as a laptop with
Windows 10 specifications with a Core i5 processor and soft-
ware such as Microsoft Word and the use of NS2.

This research will be designed according to Fig. 1 which
consists of the implementation stages of the LEACH algo-
rithm which will be a solution in resolving problems related
to network age and network stability as well as excessive
energy consumption in the LEACH algorithm. Then the
NS2 Simulator is used to analyze and test the algorithm that
has been created. The results that will be obtained are based
on simulation analysis carried out to see network age, net-
work stability, residual energy. The following architecture
is in Fig. 1 which will explain the stages of determining the
cluster head based on residual energy.

algorithm design. This research provides better network
efficiency results, increased network performance and
better management of operational costs. In the process,
the determination of nodes to become CHs is carried
out alternately based on time, where there is one session
which is interpreted as one round. During the initial stag-
es of setting up a wireless sensor network, a new round is
started, and each Node in the network selects a random
number and then compares the threshold values used in
that round. Which is calculated as a probability function
used in LEACH, which is taken into consideration to
determine the Node to be CH during the round. In this
research there are detailed limitations and assumptions
contained in the basic framework, such as this research
limiting the number of sensor nodes to evaluate algorithm
performance and then limiting the network that will be
used to focus on certain conditions. The assumption re-
lated to this research is energy power consumption. In
this model, if data is directly sent to two nodes that are
only separated by distance, it will produce energy that
immediately expands and can then be interpreted in (1):

eny, (d,mts)=eny,, . (d)+eny, .. (dmts), )

en, *d+en,, *d* mts’mts < mts,
eny, (d,mts)= )
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In equation (1), (2) there will be the
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Energy transmit, receive,
Distance and delay

symbol en gy, which will display the
energy consumed by each packet at each

Solution 2

Node to be sent and received, while the

Solution n

symbols en_rpy o and en_gppy gmp will
be used as a parameter in carrying out

Initialization

network optimization. Then the energy
that will be used by the sensor Node in

Cluster head
optimization steps

receiving will be represented by equa-

Fitness Evaluation

tions (1), (2). Each bit Node will consist
of data bits which contain important
information such as information on the

use of coding in transferring data source

LEACH Algorithm
Process

and destination addresses to be encrypt-
ed for security purposes. Then, in mea-

suring the distance between Nodes, let’s

Terminate

use an equation with the mathematical
formula in equation (3). Then in equa-

tion (4) it is possible to measure the

Optimal cluster heads

for energy consumption

Fig. 1. Proposed architecture

In Fig. 1 there are stages of the LEACH algorithm which
are then modified at the cluster selection stage using the
distance and amount of remaining energy. Fig. 1 will ex-
plain that the energy model that can be used in optimizing
the LEACH algorithm uses a radio model. In the process,
the modification of the LEACH algorithm will consider the
remaining energy in LEACH so that it can optimize the
cluster threshold so that it can create a relatively good clus-
ter process and save energy. In today’s modern conditions,
efficient energy consumption in WSN networks is very nec-
essary to integrate the latest innovations with the LEACH

distance between normal and CH Nodes:

dst
dstn= ::,MEZ;, )
A™ (d) =X, |B.-CH, " +
+|cn, - B @

The equations in (3), (4) have symbols A% (b) which
shows the distance between Nodes with the normal number
of Nodes which will then be given in equation 5 after that
value A% (@) must be in that value range. 0 and 1 are sym-
bolized as BS:

A™ (b) = Zfﬂ z.]::i

B.-B,| 5)



In the process of sending data there will be a delay pro-
cess which can affect the delay in sending data by each Node
according to equation (5). In this process the delay occurs in
the range 0 and 1 so each feature can be reduced. The total
duration of the delay by reducing the number of Nodes in each
WSN feature. In the CH and WSN equations it will be rep-
resented by the total Nodes symbolized by M which is found
in equation (6):

el

_ max; (CHy)

6
I ()

Based on the equation that has been explained, it will be
concluded that a node that has a lot of remaining energy will
have a good network address that will have a threshold value
for its cluster head. The equation notation used in the model
being built is in Table 1 below.

Table 1
Notation Set and Notation Parameter
SET Information
N Energy spent to transmit | bits
(d, mts) The order of cluster heads in energy consumption
eNThy elc Energy spent on each cluster move
€NThy amf Energy spent on the new cluster
€Ngle Energy spent to transmit or receive one bit
enjyp Amplification factor for the cluster head model
Ny Parameters for computes L—'bit messages tr'ansmitted
over free space multipath propagation
A% (@) | Energy required for sending and receiving the data bi
s s The function of the algorithm is to determine the
eyt cluster head
CH, Energy consumption cluster head function
B, The unit of measurement for the simulation
BS Base station

Then from this equation a pseudo code modification al-
gorithm from LEACH is produced as follows:

Pseudo code Modification algorithm LEACH

K_opt=Calculate ()

If (Random<T(n))

FOR(i=1,J=1;i<(en) (Thx elc) ,j<(en) (Thx_ amf))

Calculate (en)_fsp*d, (en) amf*d

Calculate T(n)

(id)_head={id|T(n) _Max=max(t)<(en) (Thx_elc),
j<(en) (Thx_amf),(id)_cluster

brodcast=(id) head)

else
End.

5. Results of development of leach algorithm optimization

5. 1. Modify the LEACH algorithm for network per-

formance

This research produces performance in applying the
LEACH modification algorithm to cluster head selection so
that it can improve overall performance in the network. In its
application, a number of parameters are adjusted by selecting
the cluster head according to needs. In this case, a scenario

simulation will be carried out to see the results of the LEACH
algorithm modification. In the first scenario there will be 60,
80, 100 nodes in an area of 100x100m? which will be shown in
Fig. 2—4 for the number of nodes which will result in network
longevity and network stability. Following are the distribu-
tion results from Nodes 60, 80 and 100.
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Fig. 2. Distribution of 60 sensor Nodes over an area
of 100x100 m?
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Fig. 3. Distribution of 80 sensor Nodes over an area
of 100x100 m?
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Fig. 4. Distribution of 100 sensor Nodes over an area
of 100x100 m?

In Fig. 2—4 there is a distribution of 60, 80 and 100 sen-
sor Nodes in an area that has been determined by distribu-



tion in random positions with the position of the 100
base station at position 50 vertically and horizon- 90

tally at position 50 which will then produce life %
network time and network stability which will be 80
discussed below. 2 70
n

3. 2. Network life time s 60

Life-time or what is defined as the lifetime E 50
of the network, is a time interval from the start -3
of communication until the condition of the last zo 40
member Node is dead. This research resulted in 5 30
a better modification of the LEACH algorithm _§ 20
as evidenced in Fig. 5-7, which are shown in z
round 100. In the 60 Node scenario, the result =z 10
was 58 % with a number of 34 Nodes still alive, 0
yvhiic the ubnrnO(giIgng L01a50h algoirlilthlltn resulted 0 500 1000 1500 2000 2500 3000 3500 4000
in the number of Nodes 15 are still alive in sce- .
nario 80 it produces 65 % with 52 Nodes still Wambeol Hetion
alive, while the unmodified leach algorithm —®—LEACH—®—Modification LEACH
produces 19 Nodes still alive. In the 100 Node Fig. 6. Comparison of the number of nodes in live status
scenario it produces 75 % with a number of in the 80 Node scenario
75 Nodes that are still alive, while the leach
algorithm that has not been modified produces 100
a number of Nodes that are 27 that are still alive.  , gg
Thus, the Node that is the cluster head uses more 3
energy to transmit data. The LEACH algorithm %3 80
still has shortcomings compared to the modified & 70
LEACH algorithm because at the end of the sim- @& 60
ulation more Nodes die. This can be caused by g
the cluster head constantly changing and cluster 'y 50
members being sometimes far apart, thus requir- 8 4q
ing greater energy. The following are the network &
life time results in Fig. 5-7. g 30

In Fig. 5-7 there is a scenario for each modi- 8 20
fication of the LEACH algorithm which produces g 10
a total representation for the modified LEACH <
algorithm which produces 162 nodes that are still 0
alive, while for the unmodified LEACH algorithm 0 500 1000 1500 2000 2500 3000 3500 4000
it produces 61 nodes that are still alive. From these Number of Iteration

results for the life time side, it can be concluded
that the modification of the LEACH algorithm is
very effective for the life time side.

—&— LEACH—®— Modification LEACH

Fig. 7. Comparison of the number of nodes in live status
in the 100 Node scenario

100 .1
5. 3. Network stability

e %2 Network stability can be interpreted as the
2 80 time it takes for the first Dead Node (FDN) con-
= dition to occur until half of the total number of
= 70 simulated Node members die. This research will
60 use 3 scenarios in Fig. 8—10 with the number of
E 5 nodes in each scenario. The number of important
o . ) . )

£ nodes is determined in each scenario to be able
= 40 to interpret each cluster in selecting the cluster
s 30 head. The following are the network stability
5 results in Fig. 8—10.

’E 20 In the first scenario in Fig. 8 with a total
Z 10 of 60 nodes, it produces network stability with

member nodes in the WSN in the first dead con-
dition in the modification algorithm occurring in
the 20" round and half of the dead nodes (HDN)
occurring in the 79" round, while the member

0
0 500 1000 1500 2000 2500 3000 3500 4000
Number of Iteration

®—LEACH —®— Modifikasi LEACH nodes are in this condition. The first death in the
Fig. 5. Comparison of the number of nodes in live status LEACH protocol occurred in the 12 round and
in the 60 Node scenario some of the nodes died (HDN) in round 62.



100 nodes (HDN) occurred in round 88 while the Node
90 members were in a condition The first death in the

L
E LEACH protocol occurred in round 16 and some
g 80 nodes died (HDN) in round 68. In scenario 3 in
% 70 Fig. 10 with a total of 100 nodes, round 60 occurred
260 and some dead nodes (HDN) occurred in round
g 5 98 while members of the first node in the dead condi-
3 tion in the LEACH protocol occurred in round 25 and
2 A the partial dead node (HDN) in round 78.
s 30
-g 20
£ - 6. Discussion of leach algorithm optimization results
z
0 The result of this research is a modification of the
0 500 1000 1500 2000 2500 3000 3500 4000 clustering-based LEACH algorithm which will be used
Number of Iteration for wireless sensor networks. In modifying this research,
—8— LEACH—®— Modification LEACH several stages were used for the process of selecting
sensor nodes that will become members who function
Fig. 8. Comparison of the number of dead Nodes as Cluster Heads in a cluster that will be used in a
in the 60 Node scenario wireless sensor network. This modification will result in
100 Network Stability and Life time. In the life time section
there will be a scenario shown in Fig. 5-7 which pro-
e 9% duces a total representation for the modified LEACH
Z 80 algorithm producing 162 nodes that are still alive,
; 70 while for the unmodified LEACH algorithm it produces
2 61 nodes that are still alive. From these results for the
o 60 life time side, it can be concluded that the modification
w50 of the LEACH algorithm is very effective for the life
'qé 40 time side, while in the Network Stability section there is
Z a scenario in Fig. 8—10 which results in network stabil-
e 30 ity at each node in the WSN with a total of 100 nodes,
2 20 where the second round occurs. —60 and several dead
ZE 10 nodes (HDN) occurred in the 98" round while the first
member node in the dead condition in the LEACH pro-
0 tocol occurred in the 25" round and the partially dead
0 500 1000 15.00 2000 2500 node (HDN) in the 78t round.
Number of Iteration In the LEACH algorithm, CH will be selected based
—&— LEACH—®— Modification LEACH on the modified probability value, which is different

from previous research conducted [25,26]. Modifica-
tion of the algorithm in this research takes into account
two factors, namely distance and remaining energy used
100 in the Cluster Head selection process in the network.

The modified LEACH algorithm was tested with a sim-

Fig. 9. Comparison of the number of dead Nodes
in the 80 Node scenario

% 2 ulator to obtain increased network lifetime values and

% 80 network stability. The LEACH algorithm selects a node

2 7 as a cluster head then collects information in the form

3 of data from all nodes which can then communicate the

& 60 scope of the cluster head. The cluster head that deter-

g 30 mines the variable used is the distance between nodes

B 40 with the criterion that if the distance of the cluster head

Z 30 is close to the sink then it will be the Node member’s
; choice.

E 20 The limitations of this research are the complexity of

Z 10 the algorithm which requires better computing and re-

0 source use and modification of the algorithm can cause

0 500 1000 1500 2000 2500 Communication overhead between nodes which causes

T an increase in energy resources and modification of the

LEACH algorithm must be adapted to the environment

~®—LEACH—®—Modification LEACH that requires it due to the large resource factor while for

Fig. 10. Comparison of the number of dead Nodes weaknesses In this research, energy is a consideration

in the 100 Node scenario in dealing with multiple cluster head and stray node

problems, even though in several existing WSN routing

In the second scenario in Fig.9 with a total of algorithms if the energy factor is taken into account it

80 nodes, it resulted in round 40 and some of the dead will result in an increase in the age of a network. So to be



able to overcome this, further analysis of the modification of
the LEACH algorithm in the Cluster Head selection method
is needed by considering distance, energy awareness, and
selecting the best Cluster Head in terms of remaining ener-
gy. Distribution of sensor node members can be done using
Gaussian distribution or Poison distribution. The condition
of static sensor nodes can be tested and analyzed the condi-
tion of moving sensor nodes or moving sensors.

7. Conclusions

1. The increase in network usage time must be based on
the energy consumption used and then compared with the
remaining energy. Based on the modification of the LEACH
algorithm, there is residual energy selected by Non-CH
members at a sensor node. In modifying the LEACH algo-
rithm, it is necessary to pay attention to the distance factor
between the node on a sensor and the selected cluster so that
it can result in increased network performance.

2. Network lifetime is shown by the average death time
of the first FND Node in the network which increased
by 779 minutes compared to without the algorithm. This
research can be developed by distributing sensor node
members using a Gaussian distribution or Poison distribu-
tion. The condition of static sensor nodes can be tested and
analyzed the condition of moving sensor nodes or moving
Sensors.

3. Network stability shows increased energy efficiency
and has the advantage of reducing the risk of failure due to
lack or running out of power and can improve network per-
formance in managing clusters.

Conflict of interest

The authors declare that they have no conflict of interest
in relation to this research, whether financial, personal, au-
thorship or otherwise, that could affect the research and its
results presented in this paper.

Financing

The study was performed without financial support.

Data availability

Manuscript has no associated data.

Use of artificial intelligence

The authors confirm that they did not use artificial intel-
ligence technologies when creating the current work.

Wu, F, Wu, T, Yuce, M. R. (2019). Design and Implementation of a Wearable Sensor Network System for IoT-Connected Safety and
Health Applications. 2019 IEEE 5th World Forum on Internet of Things (WF-IoT). https://doi.org/10.1109 /wf-iot.2019.8767280
Liu, J., Zhao, Z., Ji, J., Hu, M. (2020). Research and application of wireless sensor network technology in power transmission and
Swamy, S. N., Jadhav, D., Kulkarni, N. (2017). Security threats in the application layer in IOT applications. 2017 International
Conference on I-SMAC (IoT in Social, Mobile, Analytics and Cloud) (I-SMAC). https://doi.org/10.1109/i-smac.2017.8058395

Shivalingagowda, C., Ahmad, H., Jayasree, P. V. Y., Sah, D. K. (2021). Wireless Sensor Network Routing Protocols Using Machine
Khutsoane, O., Isong, B., Gasela, N., Abu-Mahfouz, A. M. (2020). WaterGrid-Sense: A LoRa-Based Sensor Node for Industrial IoT
Ertam, E, Kilincer, 1. F, Yaman, O., Sengur, A. (2020). A New IoT Application for Dynamic WiFi based Wireless Sensor Network.

Yahya, O. H., Alrikabi, H., Aljazaery, I. A. (2020). Reducing the Data Rate in Internet of Things Applications by Using Wireless
Sensor Network. International Journal of Online and Biomedical Engineering (IJOE), 16 (03), 107. https://doi.org/10.3991/

Mejjaouli, S., Babiceanu, R. F. (2015). RFID-wireless sensor networks integration: Decision models and optimization of logistics
You, G., Zhu, Y. (2020). Structure and Key Technologies of Wireless Sensor Network. 2020 Cross Strait Radio Science &amp;
Zhihui, H. (2015). Research on WSN Routing Algorithm Based on Energy Efficiency. 2015 Sixth International Conference on
Jin, Z., Jian-Ping, Y., Si-Wang, Z., Ya-Ping, L., Guang, L. (2009). A Survey on Position-Based Routing Algorithms in Wireless Sensor
Bendjeddou, A., Laoufi, H., Boudjit, S. (2018). LEACH-S: Low Energy Adaptive Clustering Hierarchy for Sensor Network. 2018

International Symposium on Networks, Computers and Communications (ISNCC). https://doi.org/10.1109/isncc.2018.8531049
Mittal, N., Singh, U., Salgotra, R. (2019). Tree-Based Threshold-Sensitive Energy-Efficient Routing Approach For Wireless Sensor

References
1.
2.
distribution system. Intelligent and Converged Networks, 1 (2), 199-220. https://doi.org/10.23919/icn.2020.0016
3.
4.
Learning. Lecture Notes in Networks and Systems, 99-120. https://doi.org/10.1007/978-981-16-0386-0 7
5.
Applications. IEEE Sensors Journal, 20 (5), 2722-2729. https://doi.org/10.1109/jsen.2019.2951345
6.
2020 International Conference on Electrical Engineering (ICEE). https://doi.org/10.1109/icee49691.2020.9249771
7.
ijoe.v16i03.13021
8.
systems operations. Journal of Manufacturing Systems, 35, 234—245. https://doi.org/10.1016/j.jmsy.2015.02.005
9.
Wireless Technology Conference (CSRSWTC). https://doi.org/10.1109/csrswtc50769.2020.9372727
10.
Intelligent Systems Design and Engineering Applications (ISDEA). https://doi.org/10.1109 /isdea.2015.178
11.
Networks. Algorithms, 2 (1), 158—182. https://doi.org/10.3390,/a2010158
12.
13.
Networks. Wireless Personal Communications, 108 (1), 473-492. https://doi.org/10.1007 /s11277-019-06413-y
14.

Fallo, K., Wibisono, W., Pamungkas, K. N. P. (2019). Pengembangan mekanisme grid based clustering untuk peningkatan kinerja
LEACH pada lingkungan Wireless Sensor Network. Register: Jurnal Ilmiah Teknologi Sistem Informasi, 5 (2), 164. https://
doi.org/10.26594 /register.v5i2.1708



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Bhola, J., Soni, S., Cheema, G. K. (2019). Genetic algorithm based optimized leach protocol for energy efficient wireless sensor
networks. Journal of Ambient Intelligence and Humanized Computing, 11 (3), 1281-1288. https://doi.org/10.1007 /s12652-019-
01382-3

Jan, B., Farman, H., Javed, H., Montrucchio, B., Khan, M., Ali, S. (2017). Energy Efficient Hierarchical Clustering
Approaches in Wireless Sensor Networks: A Survey. Wireless Communications and Mobile Computing, 2017, 1-14. https://
doi.org/10.1155,/2017 /6457942

Palan, N. G., Barbadekar, B. V., Patil, S. (2017). Low energy adaptive clustering hierarchy (LEACH) protocol: A retrospective
analysis. 2017 International Conference on Inventive Systems and Control (ICISC). https://doi.org/10.1109/icisc.2017.8068715

Kumar, V., Malik, N., Dhiman, G., Lohani, T. K. (2021). Scalable and Storage Efficient Dynamic Key Management Scheme for
Wireless Sensor Network. Wireless Communications and Mobile Computing, 2021, 1-11. https://doi.org/10.1155/2021 /5512879
Cheikh, M., Simpson, O., Sun, Y. (2017). Energy efficient relay selection method for clustered wireless sensor network. In
Proceedings of European Wireless 2017.

Wu, M., Li, Z., Chen, J., Min, Q., Lu, T. (2022). A Dual Cluster-Head Energy-Efficient Routing Algorithm Based on Canopy
Optimization and K-Means for WSN. Sensors, 22 (24), 9731. https://doi.org/10.3390/s22249731

Cho, J. H,, Lee, H. (2020). Dynamic Topology Model of Q-Learning LEACH Using Disposable Sensors in Autonomous Things
Environment. Applied Sciences, 10 (24), 9037. https://doi.org/10.3390 /app 10249037

Sharmin, S., Ahmedy, 1., Md Noor, R. (2023). An Energy-Efficient Data Aggregation Clustering Algorithm for Wireless Sensor
Networks Using Hybrid PSO. Energies, 16 (5), 2487. https://doi.org/10.3390/en16052487

Tadros, C. N., Shehata, N., Mokhtar, B. (2023). Unsupervised Learning-Based WSN Clustering for Efficient Environmental
Pollution Monitoring. Sensors, 23 (12), 5733. https://doi.org/10.3390/s23125733

Khalifeh, A., Abid, H., Darabkh, K. A. (2020). Optimal Cluster Head Positioning Algorithm for Wireless Sensor Networks. Sensors,
20 (13), 3719. https://doi.org/10.3390/520133719

Wang, J., Zhang, Z., Xia, E, Yuan, W,, Lee, S. (2013). An Energy Efficient Stable Election-Based Routing Algorithm for Wireless
Sensor Networks. Sensors, 13 (11), 14301-14320. https://doi.org/10.3390 /5131114301

Koyuncu, H., Tomar, G. S., Sharma, D. (2020). A New Energy Efficient Multitier Deterministic Energy-Efficient Clustering
Routing Protocol for Wireless Sensor Networks. Symmetry, 12 (5), 837. https://doi.org/10.3390/sym 12050837



