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ABSTRACT: Energy optimisation algorithms play an essential role in reducing energy usage. Hence, it is
mandatory to identify current themes and predict future research study in energy optimisation algorithms
(EOAs) in wireless sensor networks (WSNs). Several reviews have been conducted on energy optimisation
algorithms (EOAs) in WSNs, although many focused on narrative reviews. This study focuses on the
findings of a bibliometric analysis of the literature on the status of EOAs proposed to reduce energy
consumption in WSNs. The main objective is to inform future research on the status of EOAs in WSNs. In
this study, a systematic literature review and bibliometric analysis are performed to evaluate the depth and
extent of the research done in EOAs in WSNs. The literature searched broadly and systematically
concerning WSNs from the WOS database (WOS) from 2019 to 2023 articles. The analysis considers
bibliometric data from bibliometric coupling, co-citation analysis, co-authorship analysis, and keyword co-
occurrence units of analysis retrieved from VOSviewer software. Following the study of the bibliometric
data, various themes on WSNs and their applications have emerged. The results of the bibliometric analysis
revealed that many schemes are used for these WSNs. This article has projected a detailed bibliometric
analysis of PSO and LEACH protocols in WSNs by searching the WOS Database. The study also revealed
opportunities to improve research work in WSN’s by using different routing protocols.

KEYWORDS: wireless sensor networks, optimisation algorithm, energy efficiency, clustering, routing, bibliometric
analysis, literature review

1. Introduction useless because the data collected by the cluster nodes
never reaches its destination. PSO, [14]-[21], [22]-[25] is
an optimisation technique in which the social behavior of
natural species is considered for the calculation. It is a
population-based swarm intelligence technique that
performs an optimisation process to optimize a fitness
function. This approach uses a swarm to find each particle

We have reviewed the previous articles from other
authors involved in the same research. A few algorithms
were also performed to correct the challenges we still face
in WSNs. These algorithms have also contributed to
improving the network performance. A few algorithms
that have been performed that are very popular are the
LEACH (Low Energy Adaptive Clustering Hierarchy)
algorithm [1], the PSO (Particle Swarm) algorithm [2],
EECA[3](Energy Efficiency Clustering Algorithm),
Firefly = optimisation algorithm[4], Ant Colony
optimization algorithm [5] etc. In this paper we only focus
on LEACH and PSO as they are the most popular as
compared to the rest. LEACH [6]-[13] is an energy-
efficient routing protocol that ensures that the selected
cluster heads are regularly distributed over the network
and that there is no possibility that all cluster heads
concentrate on a single part of the network. It also
balances the energy consumption of the sensor nodes and
spreads it evenly in the entire network before the energy

and records the fitness value of each particle. Then, the
particles are linked with their appropriate speed. The best
position of all the local intelligence particles optimizes the
global best position to identify the cluster head position
and minimize overall energy consumption. This
algorithm has more efficiency and throughput than other
mathematical and heuristic approaches; however, the
distance  between the sensor mnodes is still
unknown and reacts with environmental conditions.

Another big disadvantage of this algorithm is that it
can converge prematurely and, especially for complex
problems, be trapped in a local minimum. Poor battery
performance directly impacts the WSNs performance and

' _ i lifespan. This is the biggest challenge these days that
is depleted. One of the major drawbacks of LEACH s that 4o ts the lifetime of WSN's [26]. The time used in WSNs

if the cluster head dies for any reason, the cluster becomes o~ 14 10 1on g enough to keep them operating for an
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extended period. A bibliometric analysis review was used
to conduct this research. We implemented the
exclusion/inclusion criteria to remain with the most
relevant literature for analysis.

To address the research statement, the following
objectives will be considered:

(1) To identify the current publication trends in WSNs.

(2) To identify the most influential authors, countries, and
organizations in WSNs.

(3) To analyze the current state of collaboration involving
WSNE.

(4) To recognize which area of study needs additional
study or improvement in WSNss [27].

This
optimisation techniques, namely the PSO and LEACH
Algorithms and their applications in WSNs. This article is
written to understand the correlation between different
research works carried out so far in using these
algorithms. The application of bibliometric analysis [28]
reviews is still a new topic for WSNs. This method is not
only applied in WSNs but can be applicable in other areas
of research such as in references [29] and [30], where the
authors classically do a detailed bibliometric analysis,
dividing the references into smaller groups related to the
given topic, while in this paper, we do a different way of
bibliometric analysis. Many of the publications have used
the Scopus database. Hence, we selected to focus only on
the WOS. The other reason is that the vast majority of
cited materials are peer-reviewed articles based on other
publications from different databases. These peer-
reviewed articles have been analyzed and checked by
experts more knowledgeable in the subject area. However,
our future review proposed to extend our study to
conference papers, book chapters, reviews, etc. So many
papers have looked at the same algorithms this paper is
reviewing. However, none of them has done a systematic
literature [31] review coupled with the bibliometric
analysis [32]. The significance of this study is summarised
as follows. The overall energy consumption in WSNss will
be reduced by implementing energy optimisation
algorithm in the wireless network at each transmitter.
Furthermore, it balances total energy consumption across
the network by implementing an intelligent clustering
approach to select cluster heads based on a well-defined
energy gradient adaptively.

article explores a bibliometric review of

The following shows how the paper is organized:
Section 2 focuses on the bibliometric analysis research
design, followed by Section 3, which concentrates on the
review report; Section 4 is the study's contributions;
Section 5 is the study's discussions and recommendations;
and Section 5 is the conclusions.

2. Bibliometric Analysis Research Design

The bibliometric analysis process followed is shown in
Figure 1 below, showing briefly how the whole process
was followed to conduct this research.

Step 1: Define the scope of the research study.

4

Step 2: Select suitable methods aligned to the aim(s).

!

Step 3: Consolidate data for bibliometric analysis.

!

Step 4: Implement the bibliometric analysis.

1!

Step 5: Report bibliometric findings.

Figure 1: Flow diagram of bibliometric analysis adopted from [33]

Step 1: This first step is to define the aims and scope
of the bibliometric study, which must occur before
selecting bibliometric analysis techniques[34] and
gathering the data. A bibliometric study's objectives
ought to be connected to evaluating the effectiveness and
science of a particular field of study. Regarding
performance, bibliometric studies frequently aim to
analyze the various research components in the subject,
such as authors, institutions, nations, and journals.
Scientifically speaking, bibliometric investigations are
typically intended to highlight the bibliometric structure,
which captures the networks among research
components that contribute to the intellectual structure
based on groups of relevant themes in the research field.

Step 2: The second step is to design the bibliometric
study, wherein the techniques for bibliometric analysis
are chosen to meet the aims and scope of the study in the
previous step. One challenge that researchers often
encounter at this stage is picking a technique based on the
bibliometric data sought or choosing a method and then
preparing the bibliometric data according to that selected
technique. Bibliometric data is often retrieved in a raw
format, as in this case. To conduct a comprehensive
review of a research field utilizing an extensive
bibliometric collection, a blend of co-citation analysis
(past), bibliographic coupling (present), and co-word
analysis (future) and future research directions of full
texts can be chosen.

Step 3: The third step is to gather the data required for
the selected bibliometric analysis techniques in the second
step. To provide broad search results to justify
bibliometric analysis and narrow to stay within the
specific research subject. Researchers must define their
search terms in this step. In this regard, researchers have
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two options: the first is to consult the literature to identify
a relevant combination of search terms, and the second is
to brainstorm among themselves or with subject matter
experts to curate suitable search terms. Following that,
researchers will need to ascertain the bibliometric data
that needs to be collected from the returned search results.
Researchers should revisit the bibliometric analysis
methods they selected for the investigation in this context.
Researchers should concentrate on gathering the title,
abstract, keywords, and full text of publications in the
search results, for instance if they chose co-word analysis
in the second step. However, in cases where the required
data is unavailable, the first and second steps should be
revisited. To reduce the need for the consolidation of
different databases, the paper suggests choosing a single
suitable database because reducing the number of
pointless action items can reduce the possibility of human
error. The researchers should then eliminate duplicates
and incorrect entries. Researchers should clean the entry
in such cases so that only one valid affiliation, “the
affiliation of the author at the time of publication,
“remains in the final dataset.

Step 4: Conducting the bibliometric analysis is the
fourth step. Theoretically, conducting the bibliometric
analysis and composing the bibliometric review are two
distinct processes. But these action items frequently
complement one another. This paper presents the
bibliometric analysis, which produces bibliometric
summaries, and the writing of the findings as a single step
considering this feedback loop. The journal the researcher
is writing for, and the field the study is conducting
typically influence the writing style. For instance, one
journal might prefer that researchers concentrate on the
theoretical elements of the study. Still, another journal
might prefer that researchers go directly to the summary
of study findings. In this regard, this paper recommends
researchers check targeted journals to see if they have a
history of publishing review papers, and if yes, then to
retrieve those papers, and if possible, those that use
bibliometrics, so that a similar style of writing can be
crafted. Lastly, the paper challenges academics to create
perceptive debates that address pertinent trends and
comparable arguments.

Step 5: The final step is to report the findings. The final
phase involves interpreting the results of the bibliometric
analysis. To do this, it is critical to comprehend the
meaning associated with the topics of publications in each
thematic cluster and the content within each one. To
understand the content well, it is also important to
examine its contextual meaning in relation to the entities
or events that characterize that content. For example, the
co-word analysis presents researchers with different
clusters of words. Researchers may depend on terms that
appear frequently in the cluster to comprehend its content;
however, to interpret the context of each cluster,

researchers also need to examine the relationships
between the terms.

The following Table 1 shows how the research design
was done. We propose the following research questions:

Table 1: Bibliometric analysis techniques to address the research

questions.
RON Research Technique Usefulness
Question
RQ1 What are the Bibliometric To evaluate the
current coupling current evolution of
publication trends topics in WSN's. In
in WSNs? this study, we will
evaluate it to identify
current publications.
RQ2 | Who are the most Co-citation To provide
influential analysis information on the
authors, countries, connections between
and organizations publications and the
who most influential
researched WSNs? publications.
Counting citations in
significant research
databases and internet
sources keeps track of
authors' words, the
significance of articles,
and the development
of research ideas.
RQ3 What is the Co- To analyze the social
current state of authorship interactions and
collaboration relationships among
involving WSNs? authors, their
affiliations, and the
number of
publications they have
collaborated on.
RQ4 Which areas need Co-word/ To investigate the
additional study or co- existing or future
or improvement occurrence connections between
in WSNs? analysis research topics by
examining the written
content of a
publication.

3. Search Criteria

Using the search query string in the WOS database, 442
research articles were found, and the publication
language was English. The keywords used for searching
this WOS database were WSN, LEACH, PSO[35], Energy
optimisation, bibliometric
literature review.

routing, analysis, and
The following search criteria produced the results
that were finally used in the entire analysis[36].

(1) Identification — in this category, we have identified
records by searching through the currently available
database, which, in this case, we only concentrated
on the WOS.

(2) Screening — during this level, we check if there are
any duplicates of papers/journals, so that if there are
any, then we remove all the duplicates.

(3) Eligibility — when we check if all the articles match
the research topic we are currently working on and
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remove anything that is not in the same field.
Furthermore, we only looked at the papers for the
past five years and excluded anything before.

(4) Inclusion - this is where our refinement process was
done, and we now know exactly how many articles
we will use for the research.

Bibliometric information presented in this section is
articulated using the following details by analyzing
the .csv file obtained through WOS DB. The said
information is as follows: Bibliometrics is used to
understand the quantitative methods of analysis of
scientific journals. The bibliometric analysis includes (1)
parameters information,
publication year, journal in which articles are published,
year publication, source of the articles, territory or
geographic location of the authors, etc. (2) Understanding
meaning insights such as the relationship with the
authors and co-authors, frequency of publications, co-
occurrences of keywords and articles, top researchers in
the field of study, number of citations, etc. With all the
quantitative information obtained from the bibliometric

Various such as author

analysis, it is obvious that researchers will benefit from
exploring future publication trends, the scope of journals
that are focused on a specific domain of interest, etc. In
this section, a detailed bibliometric analysis is conducted
based on the” CSV” file obtained from the WOS database
to understand the essence of PSO techniques in
improving the LEACH[37] protocol of WSN.

The inclusion and exclusion criteria were used and
detailed below:
The criteria for inclusion are

o If the content of the article seems to discuss energy
optimisation of WSN, we obtain its full reference

e Journal articles written in English

e Articles were chosen based on those that addressed
energy optimisation in WSNss

The criteria for exclusion are

¢ Any study that is not about WSNs

e Studies before 2019, we believe someone would have
adapted the recent methodology.

e Publications other than journal articles were excluded
as they were not peer-reviewed by the top experts in
the field

e Any articles addressing anything but not WSN were
also excluded

The following PRISMA diagram shows our search
criteria regarding the method and number of documents
used for this literature review. The records found during
the search were 442 articles. Only articles were selected in
this case as we know that they are peer-reviewed by top
researchers who are knowledgeable in the subject area.

the duplicates were removed and ended up with 194
records.

Records identified through

Database searching (n=442)
Identification

Web of Science (n=442)

—

Duplicates removed (n=0) ‘ Duplicates per database (n=0)
Screening ‘ Web of Science (n=0)
Records after screening(n=194)
Records excluded with
reasons(n=248)
Eligibility Fu.l\.tel).d articles assessed for 1 Articles were addressing medical
eligibility (n=194) stuff (n=156)

2 Studies over 5 years (n=1570)

i —

Studies Included (n=194)

Inclusion l'

Total number of studies
included (n=194)

Included records per database
(n=194)

Web of Science (n=194)

Figure 2: Prisma diagram based on our search criteria.
Adapted from [38]

4. Review Report

A Dbibliometric analysis was performed, and the
following results are based on the work done from 2018-
2023 with about 442 articles downloaded from WOS. The
topics used during the search string were WSNs, energy
efficiency,
clustering. From these articles, a screening process was
necessary to remove duplicates, which was done using
Mendeley. Then, our records after screening remained at
442. The search was further refined under categories
where only the Telecommunications category was
selected. After this refinement, the articles published
under Telecommunications went down to 194.

To produce all the figures from the Vosviewer
database, the following step-by-step illustrations were
followed: After the above refinement process,

o  The first step was to save the text file from WOS and
convert it to CSV.
° From there, we opened the VOSviewer software,

optimisation algorithms, routing, and

went under file, and click on create.

e It will then lead to a screen where you select the data
type which in this case we selected the an option to
create map based on bibliographic data.

e It will to a screen where you choose the data source
which we chose database file.

e  From there the next screen will ask you to select the
type of file you have saved from the database you are

From this, we went through a screening process where all using.
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e From here you choose the type of analysis and
counting method per your preference

3.1 Volume of publications per year

Table 2 and Figure 3 show the number of publications

Table 3 and Figure 4 from the WOS database show
the number of authors and how many times they were
cited in which issue.

Table 3: Author count and citations for the previous 5 years.

. I f Auth f Ti i
done annually since 2019 from the WOS database. The Siue Count o 3 uthors Number o 921mes Cited
results show that the overall number of authors who have > 3 6
done research in the subject matter that we are currently 3 3 21
researching is 50, the number of times that their articles 5 3 46
have been cited is more than 580 times, and we also see 6 4 42
the overall reference count of about 1715 which is evident 170 g 216
that researchers are still interested in the topic of energy 1 4 11
optimization [39], [40] of WSNs. 13 1 7

16 1 2
Table 2: Summary of results from the WOS for the previous 5 years. 17 1 o
Publication Year Data Total 18 1 14
2019 Count of Authors 9 21 1 6
Sum of Times Cited, All Databases 144 22 2 21
Sum of Cited Reference Count 247 24 1 1
2020 Count of Authors 17 13 164
Sum of Times Cited, All Databases 302 Grand Total 50 572
Sum of Cited Reference Count 584
2021 Count of Authors 6 3.2 Results from bibliometric coupling
Sum of Times Cited, All Databases 110
Sum of Cited Reference Count 289 The bibliometric coupling data are displayed in Table
2022 Count of Authors 8 4 below. It displays the most cited sources and the links'
Sum of Times Cited, All Databases 22 I st th. The highest cited d th
Sum of Cited Reference Count 272 overall strength. . € highest e sourc‘es ‘an €
5023 Count of Authors 10 strongest overall link strength are displayed in Figure 5.
S f Ti Cited, All Datab 5
o 1m.es maad Fasase Table 4: The topmost sources with high citations per publication,
Sum of Cited Reference Count 323 . .
Citations: TC, Total link strength: TLS
Total Count of Authors 50
Total Sum of Times Cited, All Databases 583 ID Source Documents | CT | TLS
Total Sum of Cited Reference Count 1715 1 ad hoc networks 8 196 926
2 annals of telecommunications 1 0 191
Sum of Cited Reference Cpyypy,| IEEE——— 3 applied system innovation 1 0 152
«Q S T Cited. All Datab | 4 computer communications 5 67 204
m mes Ci atahases
g Sumoriimestred atabases 5 computer networks 5 55 464
Count of Authors | 6 eurasip journal on wireless 6 128 | 475
. communications and
Sum of Cited Reference Count  INEENG_—__ .
o networking
& Sum of Times Cited, All Databases I 7 ict express 1 0 21
[\
Count of Authors | 8 ieee access 26 474 | 2164
ount of AULIOTS 9 ieee communications letters 2 78 180
Sum of Cited Reference Count I 10 ieee internet of things journal 6 100 | 457
= 11 i j 1 of th 1
S Sum of Times Cited, All Databases [l reee operhl 101.Jrna © t © 0 0
Q communications society
Count of Authors | m Total 12 ieee systems journal 2 45 359
Sum of Cited Reference Count N B reee transac.tlor.ls on greeh 2 62 129
- communications and
& Sum of Times Cited, All Databases |IEEEG—___ networking
[V}
N 14 ieee transactions on vehicular 1 47 137
Count of Authors 1
technology
Sum of Cited Reference Count NN 15 iet wireless sensor systems 1 12 17
o o ) 16 international journal of ad 1 0 20
= Sum of Times Cited, All Databases N .o
Q hoc and ubiquitous
Count of Authors | computing
17 international journal of 21 129 | 1587
0 100 200 300 400 500 600 700 communication systems
Figure 3: Results of author publications over the past 5 years. 18 international journal of 5 77 604
distributed sensor networks
19 international journal of 1 2 84
mobile computing and
multimedia communications
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20 international journal of 1 0 | & strength of 28, the 3rd one being South Korea with a total
network management citation of 348 and total link strength of 4.
21 international journal of 3 13 272
wireless information Table 5: The topmost countries with high citations per publication,
networks Citations: TC, Total link strength: TLS[41]
22 internet of things 5 90
23 journal of ambient 231 | 518 ID Country Documents CcT TLS
intelligence and humanized 1 australia 4 125 4
computing 2 canada 2 43 6
24 journal of communications 1 0 98 hij3 egypt 4 76 9
software and systems 4 england 6 157 8
25 | journal of internet technology 0 93 5 finland 1 4 4
26 ksii transactions on internet 22 244 6 india 121 1722 37
and information systems 7 iran 6 151 8
27 mobile information systems 2 17 226 8 iraq 3 55 5
28 mobile networks & 2 50 141 9 italy 2 23 4
applications 10 japan 1 14 4
29 peer-to-peer networking and 9 31 624 11 jordan 3 74 4
applications 12 malaysia 5 72 12
30 personal and ubiquitous 1 29 127 13 pakistan 5 94 9
computing 14 peoples r china 41 795 28
31 security and communication 1 14 5 15 russia 1 14 4
networks 16 saudi arabia 11 225 21
32 telecommunication systems 3 88 420 17 south korea 7 348 4
33 transactions on emerging 3 12 78 18 taiwan 4 51 8
telecommunications 19 tanzania 1 4 4
technologies 20 usa 10 76 13
34 wireless communications & 2 224 | 111 1 yemen 1 4 4
mobile computing
35 wireless networks 15 320 | 1460 . . .
36 wireless personal 11 155 | 2002 ' Flgurfz 6 below shows the topm9st countries w1t'h
communications high citations and the strongest total link strength. India
is the first top country out of this category.
eee communigations [eters
‘!Hir:l'iiﬂvm”’\\‘!mﬂviif g
nal i Wt:‘fe(munuuun PN NN T~
» X malaysia iraq z.
nemalonafurne ofds . iolosgivorks
o . T _
e el e ger-to-peer gOrking and & seartyad Gamtaionse inc )
1 t. | gurnal of mobi W peer-{o-peer neWorking and ap tyand i net ) peﬁchina
wireless persWommumcatlo efien o
adhocqgniors : S il

v

ieeeinternet gfthingsjouma. )
¢ mternanonaljggmalofcommu

et wireless sensor systems

0 ‘.
computer camunications
International journal of netwo

Ict express
Figure 5: Sources showing from high to low citations and strong TLS.

3.3 Publication impact of countries and journal articles
3.3.1 Publications per country

The maximum number of authors per document
selected was 25, with the minimum number of authors
per document being 1 and the minimum number of
citations of an author being 1. By looking at the results
shown in Table 5 below, we can see that the topmost 3
countries are India leading with a total citation of 1722
and a link strength of 37 and followed by the Peoples's
Republic of China with a total citation of 792 and a link

auswalia

england

jorglan

aaaaaaa o

Figure 6: Network visualization of country collaboration in this research

3.3.2 Publications per organizations

The research went further, and we also checked the
category of organizations. The results in Table 6 show the
topmost organizations published in the study of WSNs
with the most to the least total link strength. Figure 7
below illustrates the organizations with at least 3
documents per publication.

Table 6: Top organizations that published with the most to the least
link strength, Citations: TC, Total link strength: TLS

WWW.jenrs.com
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1 | albalqa appl univ 2 73 8
2 alagappa univ 2 79 9
3 anna univ 10 228 10
4 babol univ med sci 1 38 7
5 bonch bruevich st petersburg 1 14 8

state univ telecommu
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6 changchun univ sci & technol 1 14 8
7 chongging univ posts & 3 89 9
telecommun

8 guangzhou univ 1 38

9 harbin inst technol 1 14 8
10 howard univ 2 23 7
11 islamic azad univ 3 84 13
12 | kalasalingam acad res & educ 2 79 9
13 king saud univ 1 38 7
14 manchester metropolitan 2 52 8

univ
15 menoufia univ 1 14 8
16 | natl yunlin univ sci & technol 1 38 7
17 prince sattam bin abdulaziz 3 66 18
univ
18 princess nourah bint 4 27 12
abdulrahman univ

19 rudn univ 1 14 8
20 sastra deemed univ 2 52 8
21 saudi elect univ 2 17 11
22 srm inst sci & technol 5 95 12
23 tokyo inst technol 1 14 8
24 univ regina 1 38

25 univ sistan & baluchestan 1 38 7
26 vellore inst technol 5 173 18

sri venkateswara coll engn
indiap Lns&[hnnl ism
| P )
v
moulay ismgiluntv i,
| A 4

cent china normal univ.
centqueensland univ
duy tan univ RRAY inner mongolia univ
vellore inst techm}' i
kst ciffenign
xian univ postgé telecomn&mgu\""
@Y : acad sciﬁ:wyar res
anna univ A easnarigngn coll

G £ %
natlinst techno‘ihmgq":‘? ”“’W fotelec

china Griv petr ferhat abbas univ

banara
-
natl cent uni

O ml s (
w 7 \‘!u ot o= .
Ssrm inst sci &technol %
allengy o~
A\ 3 (manchester mefropolitan univ
prince sar{am'w abdulazizun
W

univ teknol malaysia

uni johapnesburg

alagappa univ

hodeidah univ

Figure 7: Graphical illustration of organizations with at least 3
documents per publication

3.3.3 Distribution of Publication Journals

only 501 meet the threshold, and 301 are connected
through collaborations with the other authors.

ernationalfperna

wireless persopalconfhunicatio lee¢ internet @things journa
mobie networks & sppikatons

Figure 8: Demonstration of most to the least published journals

Figure 9 below shows they each worked with authors
from two clusters in 2020, 2021, and 2022. These authors
who worked so hard and collaborated more are K
Shankar and Deepak Gupta. Shankar K has collaborated
with all the authors in clusters 1 and 2, while Gupta
Deepak has collaborated with authors in clusters 2 and 3.
Refer to Table 7 and Figure 9 below to view the outcomes.

parvathy, velmurugan subbiah alzubiafar a.

[} elhosenygmohamed

vaiyapuri, thavavel

shatkar, k. hrishnarg), n.

gupta deepak babu, fjvasim

rajan, (gundataldabligs, omar

manikandan, v. sekarafyamesh

000 205 010 2005
Figure 9: Network map of co-authorship collaboration based on the
number of documents.

Table 7: Co-authorship collaboration based on the number of
documents, Citations: TC, Total link strength: TLS.

patanggizwan

ramachandrdn, manikandan

The maximum number of authors per document ID Author Documents | Citations | TLS
. L. L 1 abasikeles-turgut, 1 218 0
selected was 25, with the minimum number of citations ipek
per document being 1 and the minimum number of abbas, sidra 1 218 5
citations of an author being 1. By looking at the results 3 abd el-latif, ahmed 1 218 6
shown in Figure 8 below, it is evident that the topmost 3 a
. . . . . 4 abdelhaq, maha 1 218 5
journals are Wireless Personal Communications leading,
. L . 5 abdennaceur, 1 218 2
with a total citation of 485 and a total link strength of 43, baghdad
followed by IEEE Access, with a total citation of 474 and 6 abdul-qawy, antar 1 143 5
the total link strength of 42, the last one being Wireless shaddad hamed
Networks with atotal citation of 320 and total link 7 abdulzahra, ali 1 143 2
h of 29 mohammed
strength of 29. kadhim
- . 8 abdulzahra, suha 1 122 2
3.4 Co-citation analysis abdulhussein
. 9 bu bakar, 1 94 3
The maximum number of authors per document K avu perar
amalrulnizam
selected was 25, with the minimum number of authors 10 acken, john m. 1 85 >
per document being 1 and the minimum number of 11 adeliyi, timothy 1 85 2
citations of an author being 1. Of the 598 authors found, 12 adhikari, kabita 1 79 5
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13 agrawal, sunil 1 72 2
14 ahn, seyoung 1 70 4
15 akilan, t. 1 68 3
16 al duhayyim, 1 68 7
mesfer
17 al-otaibi, shaha 1 68 5
18 al-qurabat, ali 1 67 2
kadhum m.
19 al-rasheed, amal 1 67 5
20 al-shdaifat, alaa 1 67 3

3.5 Co-occurrences of keywords

Table 8 below demonstrates unequivocally that
WSNs remain the most explored keyword, appearing
over 150 times more frequently than the others and
having the strongest overall link strength of over 1500.
Also, in both Figures 10 and 11, it is evident that “WSNs
[42]” is the leading keyword being researched by authors.

3.5.1  Co-occurrences word count

Table 8: Co-occurrences of keywords in a publication, Total link
strength: TLS.

air qualitymonitoring

clustering, energy consumpticn
[ fuzzy c:means
metaheuristics’ gwo
Wy  aciviy

affinity pmp;u[:mec&anism v
Q heterogeneous network

A4 3
antlion optimizer hybrid
energy
¥ .

wireless sensor networks
5 c 8 o o
routing protocol s

hellgiees black hale attack

aware data aggregation

[
ea

wireless sensor nelwerks vsn:

acolsleoig:| ®localization @
pso otocols
i)
heuristicalgorithms

bso
artificial intelligence

Figure 10: Network visualisation map of co-authorship based on all
keywords.

cluster distance

fuzzy e-means
5g system

bso bo nsors
"gepproadlien
-frosslayeﬁ;:’d balancir ‘® data aggregation
wsn leach ruzy

-

o 2 ﬁenetuc algo
'J).:‘-?H]lZatIO

- g e
wireless sensor networks

i \@@eiaptive voronoi dividin

beecup optimization

energyeefficient

1D Keyword Occurrences TLS vERY hster h o &
: - g -
1 wsn 26 291 multi~l:|?)p Fouting - cognitive radiosensor network
ant colon
2 WSNs 104 1071 dust:r elliptical curvescryprograr
3 wireless sensor network 34 324 aclity
4 SCheme 26 307 bayesian fuzzy clustering
5 routing protocols 25 320 anclon@etimizer
6 routing protocol 36 419
7 routing algorithm 14 165 Figure 11: Network visualization map of co-authorship based on
8 routing 49 500 author keywords.
9 protocols 10 135
10 protocol 47 260 3.5.2  Keywords co-occurrence statistical analysis
11 article swarm optimisation 9 102 . L. .
P mop The following statistical analysis was done on the

12 optimisation 40 466 K d d th Its f h k d
3 etwork lifefime 30 321 eywor oc_:currences, and the results for each keywor
" obile sink 9 04 were combined to get the total occurrences. The top 30
15 lifetime 31 362 words were selected to complete this exercise. The results
16 leach 11 111 for the most keywords with 50 occurrences and above are
17 iot 1 150 shown in Table 8 below, while Table 9 and Figure 12 show
18 internet of things 17 219 the keywords with high occurrences:
19 internet 23 288 The highest count being WSN; we found 6
20 fuzzy logic 12 114 occurrences of this word, the first word having 80, the
21 energy-efficient 28 253 second one having 32, the third one having 22, the fourth
22 energy efficiency 81 814 one having 8, followed by the fifth also having 8, and the
23 energy consumption 30 353 last one having 6, which makes a total of 156. The lowest
24 energy 12 105 count is the Genetic Algorithm (GA)[43][44][45] with 4
25 efficient 12 115 occurrences, the first word having 5, followed by the
26 data aggregation 12 152 second word with 4, while the third word has 3 and the
27 clustering-algorithm 1 113 fourth word having 2, which makes a total of 14.
28 clustering algorithms 20 273
29 clustering 69 5% Table 9: Author’s keywords with high occurrences.
30 cluster head selection 12 115
31 cluster head 10 103 ID Author’s keywords Acronyms | Occurrences
32 aware 10 119 1 WSNs WSN 156
33 algorithm 64 663 2 clustering algorithm CA 102

3 energy efficiency EE 92

4 routing algorithm RA 85

5 network lifetime NL 40
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6 cluster head CH 34 5 GA 3 3 1
7 energy consumption EC 33 6 ICR 3 2.67 0.577
8 internet of things 10T 25 7 10T 3 8.33 7.77
9 particle swarm optimisation PSO 25 8 LEACH 2 5.5 4.95
10 leach LEACH 19 9 NL 5 8 12.3
11 fuzzy logic FLG 18 10 PSO 3 8.33 6.81
12 genetic algorithm GA 14 11 RP 4 21.8 19.3
13 quality of service QOS 9 12 WSN 7 22.6 27.4
14 delay DLY 8
15 mobile sink MS 7 3.5.2.2. Box and whisker plots
16 multi-hop routing MHR 6
17 heterogeneity HTR 6 Box plots are helpful as they provide a visual
18 sensor node SN 6 . .

- summary of the data, enabling researchers to quickly

19 ant colony algorithm ACA 6 . . . K o
20 arey wolf optimisation GWO 6 identify mean values, the dispersion/variability of the
21 monitoring MNT 5 data set, and signs of skewness. Box plots divide the data
22 base stations BS 5 into sections containing approximately 25% of the data in
23 metaheuristics MTH 5 that set.
24 | multi-objective optimisation MOO > The median line of LEACH, EC, and NA box plots is
25 load balancing LB 4 . L .
2% mobile nodes MN B the only one showing normal distribution of data sets,
57 batteries BIT 3 while the rest show skewness of data. The median line of
28 | spread spectrum communication SsC 3 the WSN, EE, NL, IOT [46] [47] [48], and PSO box plots
29 artificial bee colony ABC 3 shows that the distribution is positively skewed, while
30 optimal path OP 2

Keywords Pie Chart

M wsn
routing protocols
PSO

network lifetime

Figure 12: Pie graph of keywords with high occurrences.

3.56.2.1 Summary statistics by groups - count, mean,
standard

Summary statistics are used to summarize a set of
observations and to communicate the largest amount of
information as simply as possible. Our results are shown
in groups of 12 below, each group consisting of the
keyword, count (N), mean (M), and standard (SD). The
largest group from the results below is WSN with (N=7,
M= 22.6, SD=27.4), while we find the two lowest groups
with interesting results. Groups 3 and 8 are the lowest
group in this summary, having (N=3) while the mean and
standard values differ. EC has (M=16, SD=19.8) while
LEACH has (M=5.5, SD=4.95).

Table 10: Summary statistics by groups - count, mean, standard.

CH is the only one with a negatively skewed distribution.
Then, when we compare the interquartile ranges (the box
lengths) to examine how the data is dispersed between
each sample, the longer the box, the more dispersed the
data, and the smaller the box, the less dispersed the data.
The longest box in our results is the CA box, which shows
that the data is primarily dispersed in this sample, while
the smallest box with the less dispersed is the GA[49].

Box and whisker plots also show the variability of data.
In statistics, data variability is the extent to which a
distribution is stretched or squeezed. We notice outliers
when we look at our results in Figure 13 below. Outliers
are data points located outside the whiskers of the box
plots. In this case, we identified four outliers in our results.

Edwsn B3 ne EJor B e
Keywords ca oH Pso 1 ma

EI EE EI EC EI LEACH

Qccurrences
IS @
5 a

~
S

1L

WSN CA

%@ —_ B

.
_
EE NL cl 10T PSO LEACH  GA NA

H
Keywords

Figure 13: Keywords co-occurrence boxplot.

5. Contributions of the study

This review is worth carrying out as it seeks to make
the following contributions:
We identified current publications by evaluating the

I? Keyg:rds Co;mt 1\;1;;1711 354]1 evolution of energy optimisation topics in WSNs[50]. We
) CH 3 i ] achieved this by performing a systematic literature
3 EC 2 16 19.8 review and a bibliometric analysis review. Previously,
4 EE 5 18.4 33.9 researchers used the normal method and did not couple
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the two. The results of the bibliometric review of
research on energy optimisation algorithms of
WSNss show that the topic is still highly interesting
and can be explored more. The study also shows that
the bibliometric methodology has become extremely
popular recently because of the accessibility and
utility of bibliometric databases and software, which
make it easier to gather and evaluate vast amounts
of scientific data for scientific research.

6. Discussions and Recommendations

All The co-citation analysis presents us with
information on the connections between publications and
the most influential publications. By counting citations in
significant research databases and internet sources, we
keep track of authors' keywords, the significance of
articles, and the development of other research ideas.

We performed a co-authorship analysis to obtain
relevant author's information and their affiliations. By
analyzing this information, we identified the extent of the
social interactions and relationships among authors, their
affiliations, and the number of publications they have
collaborated on.

Co-authorship analysis showed that India co-
authored more WSNs with the People’s Republic of China,
South Korea, Iran, Australia, Saudi Arabia, and others in
WSNs than with other countries. India, the People’s
Republic of China, and South Korea are the three most
publishing countries that collaborate with other countries.
India is the top publishing country in WSNs, and its
collaboration with other countries is also high. The
relationship between India and the People’s Republic of
China is stronger than that of other countries in terms of
collaboration. We conclude that India is one of the most
research centers in the world and can make a meaningful
impact on WSNs.

The keyword occurrence analysis has revealed many
optimisation techniques to address energy efficiency in
WSNs. The densification of network devices in wireless
networks has resulted in energy consumption challenges.
Due to this growing challenge, research will continue to
seek and propose new techniques to optimize energy in
WSNs. Thus, research on energy optimisation is still a
topic of interest to many researchers in WSNs [51]. This is
also confirmed by the network visualization results
obtained from the “co-occurrences of keywords” section

The review considered peer-reviewed journal articles.
We propose considering other sources of information to
widen the scope of the analysis. The potential sources of
information include conference proceedings, books, and
others. WOS is not the only database that can be analyzed
using bibliometric software such as VOSviewer.
Literature from other databases such as Scopus, IEEE, and

Dimension can be analyzed, and comparisons made to
evaluate their validity.

7. Conclusions

The results demonstrate the continued relevance and

necessity of this study, as evidenced by the high total link
strength and the continuous publication of research on
WSNs in comparison to other keywords. It is evident that
further investigation into the energy optimisation of
WSN:s is still required, and significant progress may be
achieved in preserving the network's lifespan. In
conclusion this paper also showed that bibliometric
analysis is a scientific approach that can be helpful for
researchers who want to look back on a wide range of rich
and expansive topics in business studies, both seasoned
and novice scholars.
The purpose of this research was to offer a review on the
literature on optimisation algorithms to address energy
efficiency on WSNs. The study considers literature
obtained from WOS database from 2019 until 2023. We
considered WOS database since it is one of the largest
databases and most widely used for the analysis of
scientific publications, including WSNs, a subfield of
wireless networks. VOSviewer. By applying the
bibliometric approach based on data from the WOS and
using simple visualization tool, we were able to address
all stated research questions.
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