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ABSTRACT: This paper explores through a bibliometric analysis the evolution and research directions associated with
communication protocols used in embedded systems. The study uses data extracted from the main international bibliographic
databases, applying visualization tools and scientometric metrics to identify dominant trends, high-impact authors and institutions, as
well as connections between key concepts. The results show that interest in communication protocols has experienced an accelerated
development in the context of the expansion of IoT applications, autonomous vehicles and intelligent industrial networks. The analysis
highlights the diversity of the technologies investigated, from low-power protocols (such as ZigBee and BLE) to high-speed and
reliable solutions (CAN, industrial Ethernet). At the same time, an increase in international collaboration is highlighted, with a
significant contribution from the academic and industrial environment. By characterizing the structure of publications and emerging
directions, the paper provides an integrated perspective on how communication protocols support innovation and performance of
embedded systems.
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1. INTRODUCTION
NTRODUCTIO clarity). Adopting PRISMA-style transparency has

Bibliometric analysis is now a widely used, rigorous become a crucial quality indicator in several domains
method for charting the evolution of research  as  bibliometric studies increasingly present
domains over time and synthesising extensive themselves as methodical, repeatable mappings of a

scientific literatures. By establishing methodical, knowledge domain [2].
transparent, and repeatable processes for identifying
influential publications, authors, journals, and
thematic frameworks, it enhances (and occasionally
partially replaces) narrative reviews. Thanks to
enhanced bibliographic databases, computational
tools, and uniform reporting standards, this
methodology has evolved over the past ten years
(2015-2025) from highly specialised "science
mapping" methods into a widely used research design
spanning discipline [1].

The proliferation of user-friendly software
significantly reduced the entry barrier for
bibliometric research between 2015 and 2025. The
integration of end-to-end processes into open
analytical ecosystems, particularly the R package
bibliometrix, which formalised procedures for
importing data (including Web of Science and Scopus
exports), generating descriptive indicators, and
creating networks for co-citation, coupling,
collaboration, and co-word analysis, was a significant

The growing focus on transparent workflows - turning point. Simultaneously, systematic reviews of
explicit search techniques, documented science mapping have clarified the conceptual
inclusion/exclusion rules, and repeatable underpinnings and best practices for such visual
preprocessing and analysis steps - is a significant analytics, and CiteSpace continued to influence
state-of-the-art development from 2015 to 2025. science mapping practice by supporting temporal and

Concurrently, evidence synthesis communities  structural analyses (e.g., burst detection, timeline
published revised reporting guidelines, most notably views, cluster labelling) [3] [4].

PRISMA 2020, which, although initially intended for
systematic reviews, has had a significant impact on
how bibliometric studies report search, screening, and

Another popular tool for creating and displaying
bibliometric networks (co-authorship, co-citation,
bibliographic coupling, term maps) is VOSviewer.
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Significantly, VOSviewer's role as the main
visualisation engine in modern bibliometric studies
was strengthened by the 2020-2023 releases, which
specifically increased compatibility with additional
data sources and enhanced export handling (including
fixes for Web of Science data and support for new
data formats). Additionally, the tool ecosystem has
expanded to include open  bibliographic
infrastructures. For instance, VOSviewer workflows
are increasingly incorporating open sources like
OpenAlex for creating term co-occurrence maps and
bibliometric networks, which reflects a larger trend
towards open and API-based metadata access [5] [6].

The reliance of results on database coverage (e.g.,
Web of Science vs. Scopus), which can impact corpus
size, citation counts, and topic representation, is a
recurring methodological problem in bibliometrics.
The use of merged datasets, which incorporate
Scopus and Web of Science records, increased
between 2015 and 2025 in order to reduce database-
specific bias. Deduplication and harmonisation came
next. The suggestion of easy-to-use merging
processes that maintain dataset integrity while
lessening the manual labour of balancing disparate
export formats is a notable contribution. In contrast
to manual operations, complementary research
suggests more automated methods for combining and
deduplicating bibliographic exports, emphasising
both accuracy improvements and notable time
savings [7][8][9].

The establishment of "protocol papers" and detailed
operational guidelines that formalise bibliometric
operations, with an emphasis on institutional access
constraints, data cleansing, and consistent
parameterisation of tools like CiteSpace and
VOSviewer, is a more recent change (approximately
2023-2025). This pattern shows maturation:
bibliometrics is becoming more and more of a
standardised research process that can be audited,
replicated, and taught, rather than just a collection of
methods. Additionally, this protocolization lessens
frequent hazards (such as wuneven keyword
normalisation, unreported thresholds, or unclear
deduplication procedures) and enhances
comparability between research [10].

Using traditional narrative reviews alone to maintain
an up-to-date, thorough understanding of any study
subject has become more challenging due to the
tremendous expansion of scientific output over the
past ten years. As a result, bibliometric analysis has
become a popular and repeatable method for
statistically mapping academic landscapes, detecting
key publications, collaborative mechanisms, and
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changing topic clusters. Because it allows researchers
to create and visualise bibliometric networks (such as
co-authorship, co-citation, bibliographic coupling,
and keyword co-occurrence) in a way that is
transparent and understandable for readers,
VOSviewer has emerged as one of the most popular
tools within this methodological family. Bibliometric
studies in very different fields, like medicine and
finance, clearly demonstrate this trend. The authors
use VOSviewer to analyse large datasets retrieved
from the Web of Science (WoS) and create
knowledge maps that highlight key topics, actors, and
future research directions [11].

2. “COMMUNICATION PROTOCOL”
BIBLIOMETRIC ANALYZES KEYWORD

For researchers, bibliometrics serves as a vital
methodological framework for mapping scholarly
literature, enabling the identification of seminal
works, prominent authors, emerging trends, and high-
impact journals. This approach enhances scientific
rigor by guiding research trajectories, informing the
selection of collaborative partners, and strategically
positioning research findings within the broader
academic discourse. Furthermore, citation analysis
provides objective feedback on the visibility and
impact of individual publications, thereby refining
dissemination strategies.

To investigate the communication mechanisms and
interoperability processes between interconnected
embedded systems, this study prioritized the analysis
of the compound keyword "Communication
protocol." The bibliographical research was
conducted using the Web of Science (WoS) database,
covering the period from 2010 to 2025. Data sets for
each keyword were exported from WoS and
subsequently analyzed wusing the bibliometric
software VOSviewer (version 1.6.20). The volume of
papers exported for bibliometric analysis is presented
in Table 1.

Table 1. Number of papers subjected to bibliometric analysis

keyword Number of papers Period
“Communication 6858 2010-2025
Protocol”

The records were extracted as "Tab Delimited Files"
using the "Full Record and Cited References" option,
ensuring a comprehensive dataset that encompasses
complete metadata alongside the respective citation
lists.

The research included the term "communication
protocol," which appears more than five times in the
primary WOS database. 1062 of the 17994 keywords
met the required minimum of five occurrences.
"Communication protocol" (total link strength of



1215), "internet of things" (1368), "security" (1302),
"protocols" (1572), and "internet" (1153) were the
most common keywords. The co-occurrence of terms
in articles concerning "communication protocol" is
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Figure 1. Bibliometric analysis of keywords in publications on "communication protocol". Co-occurrence of keywords (Generated
by VOSviewer [12])

The distribution analysis reveals that 4,010 journals
have published research pertaining to
"communication protocol," with 164 of these outlets
contributing more than five papers each. Collectively,
the top ten most active journals indexed in the Web
of Science (WoS) Core Collection accounted for 555
publications.

Figure 2 presents the top 10 most prolific journals
regarding the "communication protocol” theme. The
highest-ranked journal in terms of output was "IEEE
Access," with 138 papers.
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Conversely, "Sensors" emerged as the most
influential publication in terms of citation count,
garnering a total of 2,252 citations.

The top ten countries, organizations, and authors with
the highest scientific output regarding the keyword
"communication protocol" are detailed in Tables 2, 3,
and 4. Notably, Zidong Wang from Brunel University
London has authored 37 papers, which have garnered
2,074 citations. Furthermore, at the institutional level,
the Chinese Academy of Sciences has contributed
104 publications, totalling 836 citations.
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Figure 2. The most active Top 10 journals. Journals with the most published papers in the field of "communication protocol" (data
extracted by VOSviewer [12])
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Figure 3. The most active Top 10 journals. Journals with the most cited papers in the field of "communication protocol” (data
extracted by VOSviewer [12])

Table 2. The top ten most active countries in the field of

"communication protocol” A highly concentrated research output in the

Country Number of | Number of "communication protocol" keyword is indicated by
papers citation S T ' S
Peoples R China 3019 19929 the couptry distribution. People's R China is the most
USA 961 13345 productive country (2019 papers), followed by the
India 300 4048 USA (961) anq Ir}dia (509). Hoyvever, the pattern
Germany 366 3933 changes when citations are normalized by the number
Italy 349 5204 of publications: Despite having fewer publications,
England 249 6343 England has the highest average citation impact
South Korea 244 3175 (~25.5 citations/paper), whereas the USA and Italy
ljzar;cne ;38 izig have comparably high citation intensity (~14.9 and
Spr;in 223 2842 ~14 .4 citations/paper, respectively). The citation rates
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of China (~9.9 citations/paper) and India (~8.0



citations/paper), on the other hand, indicate that
publication volume does not directly convert into
proportional citation influence. This could be due to
variations in publication age, venue mix, and
worldwide visibility.
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Figure 4 indicates the graphical distribution of
Citation-Countries in the field of "communication
protocol".
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Figure 4. Citation-Countries in the field of "communication protocol" (Generated by VOSviewer [12])

Table 3. The top ten most active organizations in the field of
"communication protocol”

Organization Number of Number of
papers citation
Chinese Acad Sci 104 836
Beijing Univ Posts & 69 854
Telecommun
Southeast Univ 58 954
Tsinghua Univ 55 1148
Univ Shanghai Sci & 46 1143
Technol
Beihang Univ 42 147
MIT 39 382
Xidian Univ 39 738
Zhejiang Univ 39 1272
Brunel Univ London 38 2010

At the organisational level, seven of the ten most
active institutions are Chinese, and the journal's
output in the "communication protocol" keyword is
heavily concentrated in China. With 104 publications,
the Chinese Academy of Sciences is the most
productive, demonstrating its strong research
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capabilities and consistent output. Impact-normalized
indicators, however, paint a different picture:
Zhejiang University and the University of Shanghai
for Science and Technology both have high citation
densities (=32.6 and =24.8 citations/paper,
respectively), but Brunel University London has the
highest citation intensity (2010 citations over 38
works; =52.9 citations/paper). Conversely, a number
of very productive organisations show lower average
citation rates (e.g., CAS =8.0 citations/paper),
indicating that citation influence is not directly
correlated with institutional production. Overall,
Table 3 shows a structure in which the most citation-
intensive contributions are provided by fewer
organisations with relatively smaller journal counts,
whereas research volume is concentrated in a small
number of Chinese universities.

Figure 5 indicates the graphical distribution of
Citation-Organizations in the field of
"communication protocol".
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Figure 5. Citation-Organizations in the field of "communication protocol" (Generated by VOSviewer [12])
Table 4. The top ten most active authors in the field of publications in the top-author set, Wang, Zidong has
"communication protocol” a disproportionately high level of influence and
Author Number of N“}t‘":_“fr of dominates both productivity and impact (37 papers;
: papers citation 2074 citations). Hu, Jun; Hovorka, Roman; Khalgui,
Wang, Zidong 37 2074 Moh d: Liw. H o d Wei. Guoli

Takizawa, Makoto T 73 ohamed; Liu, Hongjian; an ei, Guoliang are
Li. Jian 17 155 among the agthorg w1‘th nr'lodera.te pubhcatlon.cm.mts
Liu, Hongjian 17 663 who show high citation intensity (<3848 citations
Wei, Guoliang 16 608 per paper), indicating that their contributions form a
Hu, Jun 15 714 highly visible knowledge base in the "communication
thlgm’ héOha;?ed i i g;g protocol" literature. However, some productive
ong, ongt authors (e.g., Takizawa, Makoto; Li, Jian) exhibit

Hovorka, Roman 14 622 latively 1 e densi indicati h
Enokido, Tomoya 3 33 relatively low citation density, indicating that

publication volume alone does not always translate
into citation impact. This could be because of author-
name disambiguation effects, topic specialisation,
publication age, or venue mix.

The results at the author level show that a small
number of contributions have a significant
concentration of effect. With over one-third of the
citations and approximately one-fifth of the
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Figure 6. Citation-Authors in the field of "communication protocol" (Generated by VOSviewer [12])

Figure 6 indicates the graphical distribution of 3. CONCLUSIONS

Citation-Authors in the field of "communication  Using records acquired from Web of Science and
protocol". processed using VOSviewer (v1.6.20), this study
produced a bibliometric and visual mapping of the
research landscape linked with the compound
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keyword "communication protocol" throughout the
period 2010-2025. As evidenced by the most
common and closely related keywords (such as
protocols, security, and internet of things), the
resulting keyword co-occurrence networks, along
with country, organisation, author, and source
analyses, verify that "communication protocol"
research is  both  extensive and  highly
interdisciplinary, with strong conceptual links to [oT,
security, and protocol engineering themes. These
results align with how VOSviewer is commonly used
to produce co-occurrence and cooperation maps that
highlight key subjects and structural relationships
within a field.

From the standpoint of productivity and effect, the
findings show a significant concentration of output
among a select group of top nations and
organisations. China is the country with the highest
publishing volume, followed by the USA and India.
However, citation-normalized trends show that some
countries with lower volume could have higher
citation intensity. The most citation-intensive
contributions are not solely linked to the biggest
publishers, indicating that productivity does not
always translate into proportionate citation influence.
At the organisational level, a number of Chinese
institutions (such as the Chinese Academy of
Sciences) dominate publication volume. This kind of
"volume vs. citation-density" divergence is
commonly seen in bibliometric maps, where
publication counts may be outweighed by network
position and  highly referenced landmark
contributions.

The data reveals a clear concentration of power
among a small number of contributors at the author
level, with Wang and Zidong leading the top-listed
writers in terms of both productivity and total
citations. A subset of contributions serves as a high-
visibility knowledge base inside this corpus, as
evidenced by the high citation intensity of a number
of writers with moderate publication counts. These
concentration patterns are consistent with more
general protocol-centric scientific mapping in related
fields, particularly in linked mobility systems and
vehicles, where security and protocols are key
research pillars. For instance, bibliometric studies on
intelligent connected vehicles and the Internet of
Vehicles emphasise the importance of security and
protocol technologies (such as V2X-related
communication) as current study areas [13][14]. The
idea that protocol ecosystems evolve unevenly and
focus on a few prominent standards is supported by
protocol-focused  bibliometric  work in IoT
application-layer communication, which shows
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unequal study interest across protocol families (e.g.,
MQTT and CoAP popularity) [15]. The strong
"security + IoT + protocol" clustering seen in our
keyword network is reflected in the growing coupling
between protocol research, cybersecurity, and
emerging edge/Al-enabled architectures in vehicular
contexts, which is further highlighted by in-vehicle
communication protocol bibliometrics [16].
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