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Systematic Literature Review: Development of The Leach
Protocol Algorithm for Efficient Energy Consumption in WSN

Abstract. Efficient energy consumption routing protocols in the field of Wireless Sensor Networks (WSN) still receive considerable attention from
researchers. One model is the Low Energy Adaptive Clustering Hierarchy (LEACH) which has continued to develop from 2000 until now. The level of
energy efficiency is determined by the size of energy consumption. The benefit of increasing energy efficiency is to extend the life of the network.
The aim of this research is to present published information about the development of the LEACH protocol in its role in overcoming the problem of
limited energy in WSNSs, which has an impact on network lifespan. This research uses the Systematic Literature Review (SLR) method, to analyze
high quality articles from the last six years (2017 — 2023) taken from six databases, namely IEEEXPLORE, Springer, Elsevier, ScienceDirect, Taylor
& Francis, and MDPI. The results of the study show that researchers are very enthusiastic about conducting research in the field of energy
consumption in WSNs with the development of the LEACH protocol. The information obtained contained 68% of protocols with Leach's
development, 16% of protocols related to Leach, and 16% of protocols not Leach, From the Geographic Space study, it can be seen that there are
11 active countries, with nine countries having quite high activity, India ranks first as the most active country reaching 33%. Based on research
methodology, it shows that the experimental method is in the highest position with a total of 37 papers published.

Streszczenie. . Protokoty routingu efektywnego zuzycia energii w dziedzinie bezprzewodowych sieci czujnikbw (WSN) nadal cieszg sie duzym
zainteresowaniem badaczy. Jednym z modeli jest hierarchia klastrow adaptacyjnych niskoenergetycznych (LEACH), ktéra rozwija sie od 2000 r. do
chwili obecnej. Poziom efektywnosci energetycznej zalezy od wielko$ci zuzycia energii. Korzyscig ze zwigkszenia efektywno$ci energetycznej jest
wydtuzenie zywotnosci sieci. Celem badan jest przedstawienie opublikowanych informacji na temat rozwoju protokotu LEACH w jego roli w
przezwycigzaniu problemu ograniczonej energii w WSN, ktéry ma wptyw na zywotno$¢ sieci. W badaniu wykorzystano metode Systematic Literature
Review (SLR) do analizy wysokiej jakosci artykutéw z ostatnich szesciu lat (2017 — 2023) pobranych z sze$ciu baz danych, a mianowicie
IEEEXPLORE, Springer, Elsevier, ScienceDirect, Taylor & Francis i MDPI. Wyniki badania pokazujg, ze badacze z duzym entuzjazmem podchodzg
do prowadzenia badan w zakresie zuzycia energii w WSN wraz z rozwojem protokotu LEACH. Uzyskane informacje zawieraty 68% protokotéw z
opracowaniem Leacha, 16% protokotow zwigzanych z Leachem i 16% protokotéw niezwigzanych z Leachem. Z badania przestrzeni geograficznej
wynika, ze istnieje 11 aktywnych krajéw, przy czym dziewiec krajow ma do$¢ wysokiej aktywno$ci, Indie zajmujg pierwsze miejsce wéréd najbardziej
aktywnych krajéw, osiggajgc 33%. Z metodologii badan wynika, ze na najwyzszym miejscu znajduje sie metoda eksperymentalna, w ktorej
opublikowano ogétem 37 prac. (Systematyczny przeglad literatury: Opracowanie algorytmu protokofu wymywania w celu efektywnego
zuzycia energii w WSN)
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Introduction nodes, reducing overhead by implementing a chain-based

A wireless sensor network (WSN) is a system that uses
wireless communications to connect many sensor nodes,
with applications covering various fields such as military[1],
environmental monitoring[2], medical care[3], smart city[4],
and industrial  automation[5]. Researchers  have
emphasized the importance of energy conservation in
WSNs due to limited battery capacity at sensor nodes and
the need to extend the network's lifetime. In response, they
have explored various protocol algorithm techniques,
including duty cycling, data aggregation, clustering, and
energy harvesting, to reduce energy consumption and
improve network performance [6][7]. Some energy efficient
routing protocols used in WSN include HEED (Hybrid
Energy Efficient Distributed) which was first published in
2004[8], TEEN (Threshold sensitive Energy Efficient sensor
Network), which is designed to transmit data only when
significant changes occur in the data measured[9], EORA
(Energy Optimized Routing Algorithm) which focuses on
saving energy in multi-sink networks[10], PEGASIS (Power
Efficient Gathering in Sensor Information Systems) which
uses a chain-based structure to reduce energy
consumption[11], and LEACH (Low-Energy Adaptive
Clustering Hierarchy) was created in 2000 and continues to
be developed to balance energy consumption at each node
in the network[12]. LEACH is one of the most popular
energy-efficient routing protocols in WSN [13][14][15].

Each of the protocols mentioned has undergone
significant version development and has been proposed in
the literature with various specific improvements that
optimize its performance. The updated PEGASIS protocol,
for example, has integrated the energy consumption of all

approach without the need to form dynamic clusters,
resulting in a reduction in overhead and a marked increase
in energy efficiency[16]. Meanwhile, the improved HEED
protocol  succeeded in reducing communication
requirements between sensor nodes, which resulted in
reducing communication overhead and improving
clustering, with the aim of designing energy-efficient
networks that can extend the lifetime of wireless
sensors[17]. In addition, in a survey of communication
protocols for WSN, the SPIN protocol changed the
communication paradigm from one-to-one to one-to-many,
which aims to reduce energy consumption and increase
efficiency in wireless sensor networks[18]. Meanwhile, the
TEEN protocol is an evolution of LEACH, where all nodes
take turns acting as Cluster Head (CH) to maintain short
routes, resulting in benefits in the form of energy savings,
increased accuracy, data transmission speed,
reproducibility, and error reduction[19][20]. The LEACH
protocol, as one of the early protocols in WSNs, has been
the focus of extensive research, with researchers pursuing
continuous improvements in the cluster formation process,
CH selection algorithms, stability, and energy efficiency to
overcome various challenges arising in the use of these
networks[13][21]. Thus, continuous developments and
improvements in WSN protocols have resulted in significant
improvements in the energy efficiency and performance of
wireless sensor networks.

The results of the experimental comparisons that have
been carried out reveal significant progress in the improved
LEACH protocol in terms of energy conservation. This
protocol successfully maintains its nodes over long periods

148 PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 7/2024



of operation, namely up to 9000 seconds, while its network
life cycle is also more durable than the standard LEACH
version. These results confirm the reliability of the improved
approach as presented in the study[22]. More importantly,
the energy consumption during operation of the enhanced
protocol is consistently lower compared to standard
LEACH, a fact that is particularly advantageous in the
context of WSN deployment[22][23]. Therefore, the
improved LEACH communication protocol provides a strong
theoretical foundation for energy-efficient and effective
transmission in WSNs, which can support further
development and application in the ever-expanding world of
WSNSs.

In continuing efforts to improve WSN efficiency, it has
been found that the Anchor Point Algorithm with Clustering
(APAC) algorithm plays an important role. APAC uses a
more optimal approach by selecting anchor points via a
point substitution method, which in turn collaborates with
the LEACH protocol to implement an intelligent clustering
method. The results of this research show that by utilizing
APAC, data transmission latency in the network can be
reduced significantly, surpassing the performance of the
single point substitution method[24]. Thus, the integration of
APAC with LEACH shows great potential for improving the
operational efficiency and overall performance of wireless
sensor networks, having a positive impact on the future
development of wireless sensor technology.

In recent years, there has been a significant increase in
literature reviews related to energy consumption efficiency
in WSNs. Many surveys and review scientific articles have
been published on this topic, with research including a
careful classification of routing protocols based on various
aspects such as operation, environment, and purpose, as
well as a synthesis of several related publications. The aim
is to provide an in-depth analysis of how reducing energy
consumption can extend the lifetime of WSN[25]. In
addition, a literature review that focuses on efforts to
minimize energy expenditure, maximize node utilization,
and extend network lifetime has also been conducted to
explore concepts that can improve energy consumption
efficiency in WSNs[26]. Literature research covers various
aspects, both technical and non-technical, such as the
integration of wireless technology and the collaboration of
various types of Wireless Sensors (WS) to form WSNSs. In
this case, they provide a comprehensive overview of the
role of WS and present a complete list of Key Performance
Indicators (KPI)[27]. All of this research is highly relevant to
developments in computing, WSNs, and machine-to-

machine networks, which are increasingly becoming the
Internet of Things (loT). In IoT, communication over the
internet connects heterogeneous physical devices with
unique address identification. In this literature review, the
communication protocol architecture is also explained and
described extensively[28]. Lastly, in an effort to meet WSN
energy needs, Radio Frequency (RF) has been identified as
an energy source that can be utilized through energy
harvesting.This paper details the motivation for RF energy
harvesting to power WSN components, and discusses the
latest techniques in order to improve the overall rectenna
power conversion efficiency[29].

All these studies together have a positive impact in
achieving higher levels of energy efficiency and extending
the lifetime of wireless sensor networks.

Based on literature studies that have been published
over the last six years, it can be concluded that in this
research domain, there has been no in-depth systematic
literature review (SLR) regarding the development of the
LEACH protocol algorithm, to increase the efficiency of
energy consumption in WSNs. Therefore, this SLR research
aims to fill this gap by identifying, classifying, selecting,
evaluating and synthesizing papers relevant to the
development of the LEACH algorithm for WSN. The method
used involves collecting reliable and detailed data from
scientific articles discussing the development of the LEACH
algorithm in the period 2017 to 2023. The objectives of this
literature study are as follows:

» Collect data systematically regarding the development of
the LEACH algorithm for energy consumption efficiency
in WSN.

+ Conduct in-depth
consumption in WSN.

» Present informative evaluation results regarding energy
consumption in WSN.

» Identifying challenges that may be faced in developing
the LEACH protocol algorithm to increase energy
consumption efficiency in WSNs. The results of
This literature study will be presented in an organized

structure, consisting of theoretical sections “related to the

development of the LEACH algorithm”, “research methods
used”, “results of classification”, “selection and evaluation,”
and “discussion of the findings”. The findings and

“conclusions”. All this information will be illustrated in a

diagram as shown in Figure 1 which will be presented in

detail in our paper.

analysis regarding  energy
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C. The Research Methodologies

D. The Protocols Energy- Efficient Consumption

Fig. 1. Structure Diagram of Paper

The Theoritical Framework
A. Wireless Sensor Networks (WSN)

Low-power Wireless Sensor Networks today remain an
important computing platform that is widely used for
monitoring and surveillance purposes[30]. Mobile Wireless
Sensor Networks (MWSN) are a fundamental element of
the Internet of Things (loT) involving hundreds to thousands
of Sensor Nodes (SN) connected in a Wireless Networks
(WN) and providing a digital interface to devices.
Nevertheless, there are still challenges to be overcome
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including energy consumption, connectivity, scalability, and
security[31].

B. The Leach Protocol algorithm.

Based on our knowledge, the LEACH protocol algorithm
was first written by W.R. Heinzelman in 2000. This protocol
was developed from two different approaches. The first
approach is a direct communication protocol, where each
sensor node sends data directly to the base station with the
support of a large amount of energy. Meanwhile, the
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second approach is a "minimum-energy" routing protocol
that uses multi-hop routing with minimum energy usage in
sensor networks. The radio model used in this research is
illustrated in Figure 2.
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Fig. 2. Radio Model

The energy consumption of information transmission is
described in equation (1),

ETx(k' d) = ETx—elec(k) + ETx—amp(d)
(1) Erx(k,d) = Egec xk + €amp * k+d?
The energy consumption of the receiving part is described
in equation (2),

ERx(k) = ERx—elec(k)
(2) ERx(k) = Eglec * k

C. Leach Protocol Algorithm Development Model

The development of the LEACH algorithm by B.
Pitchaimanickam, which uses CH selection optimization in
Leach Clustering (Leach-C) combined with the Hybrid
approach of Firefly Algorithm with Particle Swarm
Optimization (HFAPSO) technique, has resulted in an
increase in energy consumption efficiency when compared
to Leach-C[32].. Leach protocol modification is carried out
by improving the hierarchical protocol which uses a CH
selection algorithm based on cache node selection to send
information from the CH to the sink. CH selection is based
on a comparison between the residual energy and the
energy threshold, and data transfer from the CH to the sink
is carried out by finding the shortest distance. Cache node
replacement is based on priority[33].

Stability of the Improved-LEACH (SILEACH) works by
balancing the load between nodes by considering the
distance between the node and the sink, as well as the
remaining energy in determining CH[34]. Five input fuzzy-
based unequal clustering protocol (FSNUCP) uses five input
parameters: remaining energy, distance to BS, distance to
its neighboring nodes, link quality, and node degree. The
approach used is non-probabilistic in selecting a tentative
CH by using a countdown time that is set based on the
remaining energy of the node[35].

LEACH Algorithm based on Energy Consumption
Equilibrium does not select nodes close to the sink as CH
simultaneously, but rather nodes communicate directly with
the sink[36]. Anchor point algorithm with clustering main
aim is to reduce latency by combining node substitution and
clustering methods[24]. Author R. Gantasi proposed a
combination of the LEACH-K protocol, Mobile Data
Collectors (MDC), and Traveling Salesman Problem (TSP)
to form a protocol development called MDC-TSP-LEACH-K
[37]. Hybrid protocol of MDC-K is a combination of
algorithms between K-Means machine learning clustering
and mobile data collector (MDC) to improve QoS
performance in large-scale wireless sensor networks
(LSWSNs)[8]. Fuzzy Logic (FL) low-energy adaptive
clustering hierarchy (LEACH) technique-based particle
swarm optimization (PSO) combines FL to select primary
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CH (PCH) and secondary CH (SCH), LEACH, as well as a
combination of PSO and K-Means to form clustering[38].

D. Related Work

This section aims to provide an overview and analysis of
existing literature studies as well as a survey of relevant
research in the same field. The focus is on research works
that can make an important contribution to understanding and
strengthening the needs of this Systematic Literature Review
(SLR). One relevant research is the work carried out by S. El
Khedhiri, who examines K-means clustering algorithms that
have been optimized to improve energy efficiency in the
context of Wireless Sensor Networks. The main goal of this
algorithm is to efficiently manage the energy consumption of
wireless sensor nodes so as to increase the lifetime of
wireless sensor networks, which often operate within a limited
scope. This research introduces a new methodology that uses
an improved K-means clustering algorithm, known as Optimal
K-means (OK-means), to form multiple clusters of sensor
nodes. Simulation results show that this algorithm
successfully achieves an even distribution of clusters in the
Cluster Head spatial domain and efficiently balances energy
consumption [39]. In addition, this SLR also provides
comprehensive insights related to Industry 4.0, identifies
research areas that require further attention, and details
potential future research directions. It covers various aspects,
from the initial design stage to the required network security
protocols, as well as the network deployment and
classification process[5]. In the context of the significant
growth of the Internet of Things due to the more affordable
costs of sensors and actuators, loT network security has
become a major concern. Especially, IoT network layer
security issues, such as routing protocols, have become the
focus of attention. To overcome this, an Intrusion Detection
System (IDS) is used to detect potential threats. In addition,
this article also discusses Adversarial Machine Learning
(AML) in the context of wireless and mobile systems. AML is
an attack on Machine Learning (ML) models that can deceive
modeling with samples that appear normal but have
imperceptible interference. This research explores the
challenges and opportunities in the field of artificial
intelligence to improve the security and efficiency of
increasingly important wireless and mobile networks[40][41].
The literature study reviews the optimization of the trajectory
of mobile elements in WSNs as well as energy saving
schemes in WSNs to increase efficiency and battery life. Apart
from that, research also discusses routing problems in
autonomous flying networks (FANET) using Bio-Inspired
Algorithms (BIA) through a Systematic Literature Review [42]
[43] [44]. Although a lot of research has been carried out in
developing the LEACH protocol algorithm to increase the
efficiency of energy consumption in Wireless Sensor
Networks, to date there has been no systematic investigation
carried out through a Systematic Literature Review (SLR).
Table 1 provides a list of relevant research observations,
survey studies, and methods, along with the limitations of
each study. Reference [3] focuses research on energy
efficiency in WSNs with non-SLR methods and non-LEACH
protocols. While references[40], [42][43][44] focuses on
research on energy efficiency in WSNs, using the SLR
method, but with a different protocol from LEACH. Reference
[40] discusses the topic of WSN, but does not focus on energy
efficiency and does not use SLR. On the other hand,
references[39], [45][46][47][48][49][50][51] focuses research
on energy efficiency in WSNs, but uses non-SLR methods
and develops different protocols from LEACH. The conclusion
that can be drawn is that there is no SLR method that focuses
on LEACH development. Therefore, the main aim of this
research is to fill this knowledge gap.
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Table 1. Survei Papers and Observation

Ref.| Year Observation Protocol
Num Non- Proposed

SLR

SLR| LR

[3] | 2017 v Algorithm/Protocol Not Leach
Model: AQM (Active

Queue Management)

[39] | 2020 v Leach

Development]

Algorithm/Protocol
Model: Optimal K-
means (OK-means)

[40]1| 2021 | v explore the IPv6 Not Leach
Routing Protocol for
Low Power and Lossy

Networks (RPL)

[41]| 2022 v acknowledges the Not Leach
vulnerability of
Machine Learning
(ML) models to

adversarial samples,

[42]| 2019 v provide a Not Leach
comprehensive
overview of trajectory
optimization for mobile
elements in enhancing
the performance of
Wireless Sensor

Networks (WSNs)

[43] | 2020 v investigate and Not Leach
discuss various
energy-saving
schemes in Wireless

Sensor Networks

[44]| 2023 | v to investigate routing [Not Leach
methods in Flying Ad
hoc Network (FANET)
utilizing Bio-Inspired
Algorithms (BIA), both

non-hybrid and hybrid

[45] | 2021 v Leach

Development

Algorithm/Protocol
Model: Second-Fold
Clustering (SFC)

[46] | 2022 v Leach

Development

Algorithm/Protocol
Model: Sector-Based
Lightweight and
Flexible Clustering
Algorithm

[471| 2018 v Leach

Development

Algorithm/Protocol
Model: MA-LEACH
(Mobile Aggregator
LEACH)

[48]| 2017 v Leach

Development]

Algorithm/Protocol
Model: Mobile CH
Nodes, Fixed CH

Nodes - Weighted
Voronoi Clustering

[49] | 2020 v Leach

Development

Algorithm/Protocol
Model: Fuzzy Logic
based Effective
Clustering (FLEC)

[50] | 2021 v Leach

Development

Algorithm/Protocol
Model: Fuzzy Logic
(FL)-Based Clustering
Architecture

[51] | 2022 v Leach

Development

Algorithm/Protocol
Model: EC-DSR with
Chicken Swarm
Optimization (CSO)

[62] | 2023 v Leach

Development

Algorithm/Protocol
Model: multihop
routing mechanism
between the CHs and
the base station is
constructed by Q-

learning

Research Method

The Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses (PRISMA) statement, published in
2009, was designed to help preparing review reports in a
systematic and transparent manner. It was later
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strengthened by PRISMA 2020, which confirmed that
reporting should include methods of identification, selection,
assessment, and study synthesis [53]. To increase
transparency, this study adopted an evidence-based search
strategy and study selection process. Therefore, to conduct
SLR, an open, impartial and fair search strategy must be
used. Thus, the search plan must ensure that the search is
carried out thoroughly for assessment [54]. To the best of
the authors' knowledge, there has been no SLR study that
thoroughly investigates and analyzes the current work on
the development of the LEACH protocol algorithm for
efficient energy consumption in WSNs.

A. Research Desain

In the theoretical basis of SLR proposed by Kitchenham
and Charters, strict procedures were introduced that were
previously established to guide researchers through the
entire study process[55]. This process not only aims to
detect bias, errors, and knowledge gaps in the research but
also provides direction to areas where additional research
might be beneficial. SLR is defined as the process in which
researchers identify, evaluate, and synthesize all research
relevant to a particular research question, topic area, or
phenomenon of interest [55].

According to O.M. Dekkers et al. (2019), there are
general procedures that must be followed in creating,
conducting, and presenting a systematic review in the field
of literature studies[56]. First, researchers need to
understand the reasons behind conducting the review and
identify questions that need answers. Inclusion and
exclusion criteria need to be clearly defined to determine
the topic, methods, study design, and methodological
quality of the studies to be reviewed. The next step is to
design a search strategy to find studies relevant to the
research question. The study selection process involves the
evaluation of the identified studies in two important stages:
evaluation of the title and abstract, followed by evaluation of
the full text of the articles that were not excluded in the
initial stage. To minimize bias, a minimum of two reviewers
were assigned to each stage, with protocols to address
discrepancies between them. The next stage involves the
use of specific evaluation tools to assess the quality of each
study to be included in the review. After that, the process of
extracting related data from each study was carried out by
two reviewers simultaneously, using a predetermined form.
This is followed by a stage involving the analysis and
presentation of results using a previously established
methodology, including sensitivity analysis if possible. In the
final stage, to interpret the results correctly, researchers
must consider the limitations of the review and the strength
of the evidence found. Additionally, it is important to reflect
on how research questions have been answered and
identify potential areas for future research.

Briefly, the procedures required in conducting a
systematic literature review can be summarized into eight
steps: (1) formulating review questions, (2) establishing
inclusion and exclusion criteria, (3) searching for related
studies, (4) selecting studies to include or exclude , (5)
evaluating the quality of studies, (6) extracting related data,
(7) summarizing and synthesizing the evidence, and (8)
interpreting the findings[57].

B. Research Question

Evidence of actual feasibility is obtained by applying the
steps in an actual Systematic Literature Review, in this case
an advanced study, which is carried out by formulating a
Research Question (RQ)[58]. The aim of this research is to
gain a deeper understanding of research efforts that rely on
data acquisition within the framework of the LEACH
protocol algorithm development for energy consumption
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efficiency in WSNs. Therefore, to thoroughly understand

this particular research area, an SLR was conducted, which

resulted in four Research Questions. The proposed RQ will

aid in the classification and understanding of existing

literature in this field, as well as highlight barriers and

potential avenues for future research in this research area.

The following four research questions have been

formulated,

1. RQ1: What is the distribution of publications over the
last six years?

2. RQ2: What is
publication?

3. RQ3: What are the research methodologies that have
been employed?

4. RQ4: What protocols are necessary to achieve
energy-efficient consumption?

the geographical scope of the

Table 2. Database Source of 2017-2023

C. Search Technique and Selection Criteria

SLR research uses main data sources from six
databases, namely |IEEEXPLORE, Springer, Elsevier,
ScienceDirect, Taylor & Francis, and MDPI, as seen in
Table 2, with selection criteria following the PRISMA flow,
as illustrated in Figure 3, Selection Flow Diagram PRISMA
Articles. This research specifically considered English-
language articles published in the last six years, specifically
between January 2017 and February 2023. The search
strategy used involved the application of specific keywords
and search operators, namely (“Wireless Sensor Networks”
OR “WSN”) AND ( “Energy Consumption” AND (“efficient”
OR “saving”) AND/OR (“study literature review” OR “SLR”)
AND/OR (“Low Energy Adaptive Clustering Hierarchy” OR
“LEACH").

Leach development
Review, Survey,
Num Dsa;tt:ze Web Site SLR Literature non-SLR
Journ Confer Jour Confer Jour Confer
Books Books Books
als ences nals ences nals ences
1 |ieeexplore https://leeexplore.|'eee. 0 0 0 7 13 0 46 305 0
org/ Xplore/home.jsp
2 [Springer rrmps://lmk.sprlnqer.co 0 0 0 5 9 1 3 9 11
3 [Elsevier gtntqr;s://www.elsewer.c 0 0 0 79 105 456 137 25 1743
4 [ScienceDirect| https://www.sciencedir 0 0 0 7 1 0 47 14 1
ect.com/
5 tandfonline https://www.tandfonlin 43 9 5 86 9 5
e.com/
6 MDPI https://www.mdpi.com/ 185 36 1 286 37 1
326 173 473 605 419 1761
Total 3757
| Identification :
[
I
: The identified record was obtained The removal of redundant entries that :
| through a search of a database | have been detected during the search |
: (N=3757) process (N=1510) I
I
I
: L !
I
| Data after eliminating duplicate o Reames l_.vere_e:acc Iu_ded h_ase_d ook :
| entries (N=2247 ) #| predetermined inclusion criteria 1, 2, i
I 3,4, and 5 (N=1275) |
I |
e B e TR J
e e e e e e e e e e e e e e e ]
| Screening !
[ Y :
I
| Following an intermediary scanning of The articles that are not relevant to :
! the abstract and title, records were | the specific area of interest have been |
: ohtained (N=972 ) excluded (N=646) |
I
I
N i e e el e e e s et e L S e e et e S R e S _
F e O S T o e o T e et SXAE e T e S 2ok 2 2 Lo =
| Eligibility |
I I
| ; Participant luded f the |
P[RR > study based on predetermined | |
| € Lile exclusion criteria (N=266) :
| |
F::___._______::__“_____::__:__::__:::__—_—_:__::::::__:::__:::__:__—_T‘
| Inclussion |
| Y :
: The primary review encompasses the |
| studies that have been included :
: (N=60) |
I |
|

Fig. 3. Article Selection Flow Diagram
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Table 2: Database exploration yielded 3755
identifications, with IEEEXPLORE at 391, Springer 48,
Elsevier 2545, ScienceDirect 70, tandfonline 157, and MDPI
546. Prior to the filtering process, a thorough check of the
records was carried out to ensure that no redundant data
was extracted from the database. Deletion was carried out
for 1510 articles that were detected as redundant data
entries during the search process. An additional 1275
records were excluded due to the unavailability of full text
after the application of inclusion and exclusion criteria. In
the screening process,

after scanning the abstracts and titles, a total of 972
articles were obtained. However, there were 646 articles
that were deemed irrelevant to the topic and were then
excluded, so at the eligibility stage, there were 326 articles
that met the requirements. An additional 266 articles were
excluded because they did not meet the correct inclusion
criteria or were not relevant to the scope of the
investigation. After the initial screening process, a total of
60 articles were deemed eligible for further examination and
follow-up analysis, as described in the results section,
which is displayed in Figure 3.

D. Inclusion and Exclusion Criteria

Figure 3 depicts the article selection process based on
the PRISMA framework, which involved a comprehensive
record search for these SLRs. The search and selection of
articles in this survey involved inclusion (IC) and exclusion
(EC) criteria to facilitate the selection of related studies from
available data sources. The established criteria are applied
uniformly to all studies collected during the various phases
of the Article Selection Flow Diagram (ASFD). The data
collection period was set from January 2017 to February
2023, spanning a decade, to ensure the inclusion of only
recent studies during the search process. Additionally, we
have included cited studies at an early stage, provided the
full text of the study is accessible. Table 3 presents the IC
and EC criteria used in this systematic literature review to
identify relevant studies. These criteria were used during
the screening and eligibility phases of the ASFD, as
illustrated in Figure 3. During the screening phase, the Ki
and KE criteria were applied to the title, keywords, abstract,
and conclusion of the study. The results of the IC and EC
processes are shown in Table 3 below:

Table 3. Inclusion and Exclusion Criteria
No. Inclusion
1. Publication  must  be
written in English.
2. The article was published
between 2017 and 2023.

Exclusion
The article isn’'t written in
English.
The article is duplicated.

3. The article is based on | The article can'’t be
journal, proceeding, and | downloaded in a full text.
book.

4. The study is focused on | The article isn't focused on
energy consumption on | energy  consumption  on
WSN, with the main | WSN.
outlain on the protocol
LEACH algorithm

development.
5. The article study from full
text.

Article that has no clear
result.

Results

The research questions have been prepared, and this
section will explain in detail the discussion regarding WSN,
energy consumption efficiency, and the development of the
LEACH protocol algorithm in its role in answering the
research questions.
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A. Distribution of Publications Over The Last Six Years

Figure 4 shows a literature analysis for the period 2017
to 2023, with a focus on studies on the theme of energy
consumption in Wireless Sensor Networks that use the
Leach development protocol, related to Leach, and not
related to Leach. In 2017, one journal was found relevant to
the topic, while in 2018, three journals were found. 2019
saw the discovery of two related journals, indicating
continued interest in the research. A significant increase
was seen in 2020 and 2021, with eight journals published in
each. This marks an intensification phase in understanding
and exploring energy consumption in WSNs by
implementing the Leach protocol. In 2022, the number of
journals found remains significant, namely five journals,
reflecting the continuation of research interest despite a
significant decline. It is important to note that as of
September 2023, nine related journals have been identified.
Assuming that one journal is published every month on the
same topic, projections for the entire year 2023 show the
potential for publication of 12 journals. This marks the peak
of publication activity and confirms the significance of the
contribution to the understanding of energy consumption in
WSNs with a focus on the Leach protocol.

Publication Distribution
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4
u
o i
2017 2018 2019 2020 2021 2022 2023

Fig. 4. Distribution of Publications during the period 2017 — 2023

B. The Geographical Scope of The Studies

Based on Figure 5, the nine countries with the highest
level of activity in this field of study are presented. The
reason why these nine countries are considered the top is
because they are countries that conducted two or more
studies. In total, 20 countries were identified as currently
active. Twenty studies were conducted by India, eight by
the United Kingdom, seven by China, three by Egypt and
Malaysia, two by Saudi Arabia, Algeria, Australia and
Indonesia. Meanwhile, countries such as Canada, Iran,
Ireland, ltaly, Korea, South Korea, the Netherlands, Spain,
Morocco, Thailand and the United States each have one
study. According to the findings presented in Figure 5, India
shows the highest level of activity.

The Geographical Distribution

Maroko
Netherlands

Shouth Korea

= Thailand
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Fig. 5. The Geographical Distribution
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C. The Research Methodologies

The research methodology was implemented to
evaluate and analyze existing articles with the aim of
grouping them based on the type of method applied by the
researcher. The evaluation results show that most studies
in the domain of energy consumption efficiency in Wireless
Sensor Networks (WSN) were carried out using various
methods, such as experimental, combination, Systematic
Literature Review (SLR), theory, surveys and reviews. The
use of the term "combined methods" is applied because
many studies adopt more than one method in one study.
For example, some studies combine experimental methods
with surveys, literature, or simulations. This classification
refers to data taken from the references presented, and to
provide better readability, coding is applied to each
reference. For example, the first reference is denoted as
R1, the second reference as R2, and so on. The collected
research results are then presented in graphical form in
Figure 6 and tables in Table 4 to provide a clearer and more
structured view. The results show that the experimental
method has 37 publications, the combined method has 6
publications, the SLR method has 5 publications, the
theoretical method has 5 publications, the survey method
has 4 publications, and the review method has 3
publications

Research Methodologies

Review
survey
Theory

SLR

Combine

Experimen

o

10 20 30 40

Fig. 6. Research Methodologies

Table 4. Research Methodologies

Research Number References

Methodologies

Experimen 37 | R8,R11, R23, R29-R36, R38,
R44-46, R48-R51, R58-74

Combined 6 | R1, R3, R27, R28, R40, R75

SLR 5 | R4, R39, R43, R53, R54

Theory 5 | R24, R25, R47, R52, R57

survey 4 | R2,R41, R42, R76

Review 3 | R26, R55, R57

D. The Protocols Energy- Efficient Consumption

Innovation in the development of energy consumption
protocols in WSN greatly determines the level of efficiency,
which has an impact on network longevity. To fully
understand the contribution of protocol development in
terms of the evaluation mechanisms used by the selected
studies, we describe and classify the development protocols
identified in the process of reviewing the literature on
routing protocol development implementations used by the
researchers. The research results are presented in Table 5
below.

Table 5. Protocol development

Ref. Protocol Development Basic
Protocol

[9] MDC-TSP-LEACH-K Leach

[12] LEACH Leach

[24] APAC, LEACH, DLMP Leach

[25] Routing Protocol related Leach
[31] DTC-BR, MCCA, LEACH-MEEC, Leach

[32] HFAPSO Leach

[33] I-Leach Leach

[34] SILEACH Leach

[35] F5NUCP, TEEN, LEACH Leach

[36] Leach DEEC Leach

[37] K-Means, TSP, MDC-LEACH Leach

[38] FL-Leach, PSO Leach

[39] K-Means Clustering related Leach
[45] SFC, R-LEACH Leach

[46] LEACH, TSC, MHTSC Leach

[47] MA-LEACH Leach

[48] CVT related Leach
[49] FLEC, LEACH-Fuzzy Leach

[50] MOFCA, FLDUCF, EUCF Leach

[51] IJO-LF, IOCA, PEGASIS not Leach
[52] Q-Learning, ACA-Leach Leach

[59] SEP, DEEC, Leach

[60] Q-EBloT not Leach
[61] UAVSs, Leach

[62] HEWSN, TLM, MOPSO Leach

[63] Fuzzy-Logic not Leach
[64] PEGCP Leach

[65] FEBUCA, TM-ORT not Leach
[66] HEUC, EBULRP, AECR not Leach
[67] ACO, NPPRN, ECRC-UCA related Leach
[68] CSO-UCRA related Leach
[69] E-FUCA related Leach
[70] Fuzzy-Logic Leach

[71] ESCVAD Leach

[72] HMGEAR-Leach Leach

[73] MFPC-Leach Leach

[74] W-Leach Leach

[75] HEED not Leach

Table 5. It can be simplified in figure 7 as below,

Protocol Development

Leach
Development
68%

® Leach Development Related Leach ® Not Leach

Fig. 7. Protocol development

Figure 7 provides information about the results of a
literature study on the theme of efficient energy
consumption in the WSN field, showing that there are 68%
LEACH development protocols, 16% of protocols are
related to the LEACH protocol, and 16% of protocols are
not related to the LEACH protocol.
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Conclusions

This research effort involved conducting a systematic
literature review (SLR) that provided a comprehensive
review of the existing literature regarding energy
consumption data collection in WSNs over a ten-year period
from 2017 to 2023. A total of 3757 papers were initially
retrieved from the search. Furthermore, 2247 papers were
selected after thorough analysis. Of the 2247 papers, 972
studies were selected based on established IC and EC
criteria, and the final inclusion result was 60 papers. This
study reveals that research in this area is relatively recent,
with a consistent and moderate number of publications in
the last half decade. With this level of consistency, it is
anticipated that there will be an increase in contributions
regarding the proposal in the next few years. Additionally, it
is critical for researchers to consider research challenges
and future research directions to address those challenges.

This article presents a systematic literature review (SLR)
on environmental energy consumption data collection in
WSNs. Energy consumption data collection in WSNs has
attracted significant interest among researchers over the
last decade. Currently, it is urgently necessary to acquire
sensor data from sensor devices that have network lifetime
endurance. This section provides a summary and
discussion of the results related to the research questions.
Research findings, challenges encountered during the
research, and potential directions for future research are
presented. The main aim of this systematic literature review
(SLR) is to analyze the existing literature in the area of
investigation. To accomplish this task, a total of 75 studies
were selected for analysis based on the methodology
described in the Research Methods Section. Therefore, a
thorough analysis and synthesis of the selected studies was
conducted to help resolve the research questions, as
presented in Figure 3. The main results of this Systematic
Literature Review (SLR) are described as follows.
Examination of the demographics of the selected studies
reveals a degree of stability, as is evident from consistent
publication output over the past six years, despite an
assumed upward trend. From the Geographic Space study,
it can be seen that there are 11 active countries, nine
countries with high levels of activity, with India as the most
active country reaching 33%,. The research methodology
shows that the experimental method has the highest
percentage, namely 68%.
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