The Eastasouth Journal of Information System and Computer Science
Vol. 2, No. 02, December 2024, pp. 92-104
ISSN: 3025-566X, DOI: 10.58812/esiscs.v2i02

Trends in Digital Twin Technology for Industry 4.0: A Bibliometric

Study

Loso Judijanto?, Laila Qadriah?, Iwan Ady Prabowo?, Widyatmoko?, Puji Chairu Sabila®

TTPOSS Jakarta
2 Universitas Jabal Ghafur
3 STMIK Sinar Nusantara
4 Universitas Dian Nuswantoro

5 Universitas Tjut Nyak Dhien Medan

Article Info

ABSTRACT

Article history:

Received Dec, 2024
Revised Dec, 2024
Accepted Dec, 2024

Keywords:

Bibliometric Analysis
Digital Twin Technology
Industry 4.0

IoT Integration
VOSviewer

Digital Twin (DT) technology has emerged as a critical enabler of
Industry 4.0, bridging the physical and digital worlds through real-
time data integration, simulation, and optimization. This study
conducts a comprehensive bibliometric analysis to explore the research
trends, key contributors, and thematic clusters in DT research over the
past decade. The analysis reveals China's leading role in DT research,
supported by strong international collaborations with the United
States, Germany, and other countries. Key themes include
technological enablers such as 10T, sensors, and infrastructure, as well
as emerging applications in sustainability, smart cities, and energy
systems. Challenges such as risks, uncertainties, and feasibility
constraints remain significant barriers to DT adoption, highlighting the
need for interdisciplinary collaboration and standardization efforts.
The study identifies opportunities for integrating DT with technologies
like blockchain and Al, as well as expanding applications in healthcare
and agriculture. These findings provide valuable insights for
researchers, practitioners, and policymakers to advance DT technology
and its transformative potential in Industry 4.0.
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1. INTRODUCTION

The advent of Industry 4.0 has
revolutionized manufacturing and
production landscapes across the globe,
introducing a suite of technologies aimed at
improving
enhancing  self-

Among  these

increasing automation,

communication, and

monitoring  processes.
technologies, Digital Twin technology has
emerged as a cornerstone, promising to

bridge the physical and digital worlds by
creating virtual replicas of physical systems
[1]. This technology not only provides a real-
time look at how a physical asset is
performing but also allows for simulations,
predictions, and optimizations based on the
collected data, potentially transforming how
industries approach maintenance, innovation,
and service management.

Digital Twin technology’s role within
Industry 4.0 extends to various applications,
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including but not limited to predictive
maintenance, lifecycle management, and the
customization of manufacturing processes.
The potential for Digital Twins to improve
efficiency and reliability in operations makes
it a focal point for companies aiming to
leverage Industry 4.0's capabilities to sustain
competitive advantages [2]. As industries
continue to evolve, the integration of Digital
Twin technology could dictate the pace and
direction of this evolution, influencing a range
of sectors from automotive to healthcare.

The development and
implementation of Digital Twin technology
have been accompanied by significant
research interest, as evidenced by the growing
number of publications and studies dedicated
to exploring its potentials and limitations.
Bibliometric analysis has become a vital tool
in such explorations, providing a systematic
method to quantify and visualize the
development trends and intellectual
structures of this burgeoning field [3].
Through such analysis, researchers and
practitioners can identify seminal works,
emerging trends, and knowledge gaps within
the realm of Digital Twins.

However, despite its rapidly growing
body of research, the landscape of Digital
Twin technology in Industry 4.0 is vast and
complex, marked by rapid technological
advancements and diverse applications
across different sectors. The need to
understand this landscape is critical not only
for leveraging the full potential of Digital
Twins but also for steering future research
and development efforts in directions that
maximize both technological and economic
benefits [4], [5].

While there is a consensus on the
importance of Digital Twin technology within
Industry 4.0, the extensive range of its
applications and rapid pace of developments
pose challenges in obtaining a consolidated
view of the field. Previous studies have either
focused narrowly on specific applications or
have not sufficiently captured the
evolutionary trends and impacts of this
technology across different industries. There
is a noticeable gap in comprehensive studies

that collate and analyze the extensive research
to highlight prevalent trends, major
contributors, and pivotal publications that
shape the field of Digital Twins in Industry
4.0.

This study aims to fill the
aforementioned gap by conducting a
comprehensive bibliometric analysis of the
literature on Digital Twin technology within
the context of Industry 4.0. The primary
objective is to uncover the developmental
trends, core themes, and research trajectories
in this field over the past decade. By mapping
out the bibliometric landscape, this study
seeks to provide a structured and detailed
overview of how Digital Twin technology has
evolved, identifying key research clusters,
influential studies, and emerging themes that
could guide future research directions and
technological advancements in Industry 4.0.

2. LITERATURE REVIEW

2.1 Evolution and Definition of Digital
Twins

The concept of Digital Twins

has evolved significantly since its
inception, initially rooted in the
mirroring of physical assets for space
missions by NASA, to becoming a
fundamental element of Industry 4.0
[6]. A Digital Twin is defined as a
dynamic digital replica of a physical
asset or system, which is updated
from real-time data, and uses
simulation, machine learning and
reasoning to help decision-making
[4]. This technology enables the
simulation, prediction, and
optimization of product performance
and has the capability to
revolutionize industries by providing
detailed insights into product
operations, maintenance, and failure
predictions.

2.2 Key Applications of Digital Twins in
Industry 4.0

The  implementation  of

Digital Twin technology in Industry
4.0 is vast, spanning across several
sectors including manufacturing,
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automotive, energy, and healthcare.
In manufacturing, Digital Twins are
utilized to create and simulate models
of production processes before
physical systems are built [7]. This
application allows for the prevention
of potential issues and the
optimization of production
efficiencies. In the automotive sector,
Digital =~ Twins  facilitate  the
monitoring and testing of vehicles in
virtual environments, thereby
enhancing the safety and
customization of new models [1]. The
energy sector benefits from Digital
Twins in the optimization of
operations and maintenance of assets,
especially in remote and inaccessible
locations ([1]v, while in healthcare,
this technology helps in the
personalized treatment of patients by
creating virtual replicas of organs or
systems [2].
Technological  Foundations  and
Frameworks

The backbone of Digital Twin
technology lies in its integration of
IoT, AI, and machine learning
technologies, which facilitate the
continuous synchronization between
the virtual and physical worlds [8].
The frameworks typically involve
several layers including data
collection, synchronization,
simulation, and the application of
analytics to drive decisions [9].
Successful implementation requires
robust data architectures and
effective integration of IT
(Information Technology) and OT
(Operational Technology), which are
crucial for real-time data transmission
and analysis.
Challenges and Barriers in Adoption

Despite the advantages, the
adoption of Digital Twins faces

several challenges. One of the
primary barriers is the high cost
associated with setting up and
maintaining the necessary
infrastructure for creating and
managing Digital Twins [10]. Data
security and privacy concerns also
present significant challenges, as the
use of extensive sensor networks and
IoT devices increases the
vulnerability to cyber-attacks [11].
Additionally, there is a substantial
requirement for skilled personnel
who are proficient in both the
technology and the application
domain, which is often a scarce
resource [12].

3. METHOD

This study employs a bibliometric
analysis to systematically evaluate and map
the research landscape of Digital Twin
technology in the context of Industry 4.0. Data
was collected from peer-reviewed journals
and conference proceedings indexed in
Scopus focusing on publications from 2016 to
2024 to capture the development trends over
the past decade. The study utilized
bibliometric tool such as VOSviewer to
analyze co-authorship networks, keyword co-
occurrence, citation patterns, and thematic
clusters. A descriptive analysis was
conducted to quantify the annual growth of
publications, ~while network mapping
visualized the relationships between authors,
institutions, and keywords. The findings are
synthesized to highlight influential works,
emerging themes, and potential research
gaps, providing a comprehensive overview of
the field’s evolution and intellectual structure.

4. RESULT AND DISCUSSION
4.1 Results
a. Bibliometric Overview

Table 1. Bibliometric Overview

Metrics Data

Information

Publication years

2016-2025
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Metrics Data Information
Citation years 8
Papers 1680
Citations 36857
Cites/year 4607.13
Cites/paper 21.94
Cites/author 11395.92
Papers/author 530.16
Authors/paper 3.98
h-index 88
g-index 162
hlnorm 48
hl,annual 6.00
hA, index 51
Paper with ACC >= 1,2,5,10,20:1110,866,523,320,174

Source: Output Publish or Perish, 2024

The
provides a comprehensive snapshot
of the research landscape on Digital
Twin technology in Industry 4.0 from

bibliometric overview

2016 to 2025, capturing significant
growth and scholarly impact. Over
the eight-year citation span, 1,680
papers were published, accumulating
36,857 citations,
indicating a high level of interest and
influence in the field. The average
citations per year (4,607.13) and
citations per paper (21.94) reflect the
robust engagement and quality of
Authors
contributed extensively,
average of 3.98 authors per paper,
suggesting collaborative research is
prevalent in this domain. The h-index
of 88 signifies a substantial number of

an impressive

research outputs. have

with an

b.

papers with high citations, while the
g-index of 162 highlights the broader
influence of highly-cited works.
Normalized h-index (hLnorm) and
h-index  (hl,annual)
values of 48 and 6.00, respectively,
demonstrate consistent impact over
time. Additionally, the hA-index of 51
further corroborates the depth of
influential research. Papers with
citation counts exceeding thresholds
of 1, 2, 5, 10, and 20 are recorded at
1,110, 866, 523, 320, and 174,
respectively, indicating a significant
proportion of impactful studies. This
data collectively underscores the
dynamic and rapidly advancing
nature of Digital Twin research
within Industry 4.0.

Citation Analysis

annualized

Table 2. Most Cited Article

Citations | Author and Year Title

Digital Twin: Enabling Technologies, Challenges and Open

1240 [13]
Research

1144 [14] Digital Twin and Big Data Towards Smart Manufacturing and
Industry 4.0: 360 Degree Comparison

1026 [15] Digital Twin Shop-Floor: A New Shop-Floor Paradigm Towards
Smart Manufacturing

970 [16] Industry 5.0: A survey on enabling technologies and potential
applications

958 [17] Digital Twin-driven smart manufacturing: Connotation,
reference model, applications and research issues
Digital Twins and Cyber-Physical Systems toward Smart

844 [18] . . .
Manufacturing and Industry 4.0: Correlation and Comparison
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Citations | Author and Year Title
617 [19] Five-dimension digital twin model and its ten applications
485 [20] Digital twin: Origin to future
454 [21] Digital twin paradigm: A systematic literature review
432 [22] Digital twin workshop: a new paradigm for future workshop

C.

Source: Output Publish or Perish, 2024
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Figure 1. Network Visualization
Source: Processed Data, 2024

The above visualization
shows the relationships between key
topics in Digital Twin (DT) research
in the context of Industry 4.0. Each
node represents a keyword or
research topic, while the connecting
lines between nodes indicate the
strength of the relationship between
topics based on the frequency of co-
mention in the literature. The size of
the node reflects the dominance or
importance of the topic in the
literature, while the color of the
cluster indicates interrelated themes.
The red cluster depicts topics related
to “sensors,” “risks,” and “digital
twin systems.” These topics focus on
technical aspects, such as uncertainty

in  simulation results, entity
virtualization, and intelligent
manufacturing. This shows that

research related to risk and
optimization of DT systems plays an
important role, especially in the
context of real-time data simulation
supported by sensor technology. The

green cluster groups topics such as

“digital twin models,” “power
systems,” and “nuclear power
plants.”

These topics are closely

related to DT applications in the
management of power and energy
systems, including nuclear power
plants and electricity grids. This

relationship ~ shows  significant
attention to the role of DT in
supporting the efficiency and

reliability of modern energy systems.
The blue and yellow clusters cover
themes, “ToT,”
“Infrastructure,” “Smart City,” and

broader such as

Vol. 2, No. 02, December 2024, pp. 92-104



The Eastasouth Journal of Information System and Computer Science (ESISCS)

a 97

“Energy System.” This reflects the use
of DT in the development of smart
cities, infrastructure, and sustainable
energy systems. The use of DT to
improve infrastructure productivity
and resilience, as well as mitigate
carbon emissions, is a growing
trend, reflecting the
relevance of this technology in the
global sustainability agenda. Overall,
this visualization

research

illustrates how

virtualentity

“

digital twin system

windtgrbine

feasibility

nuclear pewer plant twin sodel

enterprise
intelligengioperation W

¢ digital twin model M

research on DT in Industry 4.0 covers
technical themes, energy
applications, and integration with
other technologies such as IoT and
blockchain. The relationships
between topics show that this
research is not only multidisciplinary,
but also supports the development of
intelligent solutions to
industrial and societal challenges.
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Figure 1. Network Visualization
Source: Processed Data, 2024
The visualization above indicate that this research has been

shows the evolution of research
themes related to Digital Twin (DT)
technology in the context of Industry
4.0 based on the time dimension, with
a color scale from blue (2022) to
yellow  (2023.5). Nodes and
connecting lines still represent the
main keywords and relationships
between topics, but the color of each
node reflects the period of its
emergence and relative popularity.
This allows for the analysis of
temporal trends in DT research.
Topics represented by blue nodes,
such as “digital twin model,” “power
system,” and “nuclear power plant,”

intensive since 2022. This shows that
the application of DT in energy
systems and digital models has been
a major focus of research earlier,
especially energy  system
optimization and electricity
infrastructure management. This
research  provides a  strong
foundation for the implementation of
DT technology in the energy sector.
Yellow nodes, such as “resilience,”
“infrastructure,” and “digital twin
solution,”

in

reflect themes that are
increasingly popular in 2023.5. These
topics reflect the shift in research

focus towards utilizing DT to
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improve infrastructure resilience and
sustainability in various sectors. This
trend also shows the increasing
attention to the integration of DT with
other  technologies  such  as
blockchain, IoT, and smart city-based
solutions. Thus, this visualization

& VOSviewer

illustrates the dynamics of the
evolution of DT research themes,
from technical approaches in the
early years to the focus on
sustainability and socio-economic
impacts more recently.

Figure 1. Network Visualization
Source: Processed Data, 2024

The visualization above
employs a density map to illustrate
the intensity of research on specific
topics within the study of Digital
Twin (DT) for Industry 4.0. The colors
on the map reflect the frequency of
topic or keyword occurrences in the
analyzed literature. Areas with
lighter colors (yellow) indicate topics
that are more frequently researched
and have higher relevance, while
areas with darker colors (blue)
indicate lower intensity.

Topics such as "sensor," "IoT,"
"internet,” "DT technology,” and
"infrastructure" emerge as central
areas with high intensity, reflecting a
significant research focus on the
integration of IoT technologies and
sensors in Digital Twin applications,
as well as their role in supporting

smart infrastructure and DT
technology as a whole. Conversely,
topics like "nuclear power plant” and
"virtual entity" are found in areas
with lower intensity, indicating more
specific or limited research focus
within the DT context.

This map reveals how
research in the DT  field
predominantly centers around the
integration = of key  enabling
technologies with practical
applications in energy systems, smart
cities, and infrastructure solutions.
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d. Co- Authorship Visualization
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Figure 1. Network Visualization
Source: Processed Data, 2024

The visualization above
represents a co-authorship network
in the field of Digital Twin (DT)
research, where each node represents
an author, and the size of the node
indicates the author's contribution or
influence within the network based
on the number of publications and
citations. The colors group authors
into clusters, highlighting
collaborative networks or research
communities. Prominent nodes like
"Tao F.," "Liu Y." and "Zhang Y."
indicate influential authors with
strong connections across multiple
research groups. The links between
nodes  represent  co-authorship
relationships, and the density of

connections shows the extent of
collaboration among researchers. The
green cluster, led by Tao F., reflects a
significant hub of research focused on
advancing DT  concepts and
applications, often involving
collaborations with other influential
authors such as Nee A.Y.C. and
Kritzinger W. The red and blue
clusters highlight additional active
research communities with key
contributors like Liu Y. and Wang Y.,
focusing on complementary areas of
DT applications. This visualization
underscores the collaborative nature
of DT research and identifies key
contributors and clusters shaping the
field's direction.
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Figure 1. Network Visualization
Source: Processed Data, 2024

The visualization represents
a co-authorship network among
countries in Digital Twin (DT)
research. The size of each node
reflects the volume of research output
from that country, with China
emerging as the  dominant
contributor, followed by the United
States. The thickness of the
connections indicates the strength of
collaboration between countries.
Notable partnerships include strong
links between China and the United
States, as well as
involving countries like Germany,
India, and Russia.  Regional
collaborations are also evident, such

collaborations

as those between European countries
and between Asian nations like
China, South Korea, and Japan. This
network highlights China's central
role in driving DT research and the
importance of international

collaboration in advancing this field.

4.2 Discussion

a.

The Central Role of China and
International Collaboration

The bibliometric analysis
highlights China’s dominance in
Digital Twin (DT) research within the
context of Industry 4.0. The country's
significant contribution, as reflected
by its high volume of publications
and strong collaboration networks
with the United States, Germany, and

other countries, underscores its
commitment to advancing this
transformative  technology. This

aligns with China's broader industrial
and technological agenda, which
emphasizes smart manufacturing and
innovation. China's central role can
also be attributed to its robust
infrastructure, large-scale
manufacturing sector, and strategic
investments in  Industry 4.0
technologies. However, the findings
also emphasize the global nature of
DT research. Strong international
collaborations, such as between
China and the United States,
highlight  the  importance  of
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knowledge sharing in tackling the
challenges associated with DT
implementation, including
standardization, scalability, and
integration with other technologies
like IoT and Al While China leads in
terms of volume, countries like the
United  States and  Germany
contribute significantly to
foundational theories, frameworks,
and high-impact studies, suggesting a
complementary relationship between
nations.
Research Themes and Trends

The keyword co-occurrence
analysis reveals distinct clusters of
research themes in DT. Prominent
themes include "sensor,” "IoT," and
"infrastructure,” which represent the
technological enablers of DT. These
themes suggest a strong emphasis on
integrating DT with real-time data
acquisition systems, smart devices,
and infrastructure. The importance of
sensors in DT research is expected, as
they serve as the primary interface
between the physical and digital
realms. Similarly, IoT integration
highlights the need for
interconnected systems to enable
seamless data flow for effective DT
implementation. Emerging themes
like "resilience," "energy system," and
"smart city" reflect a shift in research
focus towards sustainability and
societal applications. The inclusion of
resilience in the context of DT
indicates  growing interest in
developing systems capable of
adapting to disruptions, such as those
caused by climate change or cyber
threats. Meanwhile, the focus on
smart cities and energy systems
underscores DT's potential to address
critical global challenges, such as
urbanization and energy efficiency.
Evolving Research Collaboration
Networks

The co-authorship analysis
highlights the interconnectedness of

researchers and institutions in DT
research. Notable contributors, such
as Tao F,, Liu Y., and Zhang Y., have
emerged as central figures in
advancing this field. These authors
often collaborate across institutional
and  geographical  boundaries,
reflecting the interdisciplinary nature
of DT research. Such collaboration
networks are essential for addressing
complex, multi-faceted challenges in
DT, as they bring together expertise
from different domains, including
computer science, engineering, and
manufacturing. The  co-authorship
analysis highlights the
interconnectedness of researchers
and institutions in DT research.
Notable contributors, such as Tao F.,
Liu Y., and Zhang Y., have emerged
as central figures in advancing this
field. These authors often collaborate
across institutional and geographical

boundaries, reflecting the
interdisciplinary nature of DT
research. Such collaboration

networks are essential for addressing
complex, multi-faceted challenges in
DT, as they bring together expertise
from different domains, including
computer science, engineering, and
manufacturing.
Challenges in DT Research and
Implementation

Despite its promising
potential, DT research faces several
challenges. The bibliometric analysis
reveals that themes like 'risk,"
"uncertainty,” and "feasibility" are
frequently  discussed, indicating
significant barriers to DT
implementation. These challenges are
particularly acute in industries with
complex systems, such as energy and
manufacturing. Risks associated with
data security, privacy, and system
vulnerabilities remain critical
concerns, especially as DT relies
heavily on IoT and real-time data.
Another challenge is the high cost of
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developing and deploying DT
systems, which is evident from
discussions  around  feasibility.
Implementing DT requires significant
investment in sensors, data
infrastructure, and advanced
analytics tools. Additionally, the lack
of standardization in DT frameworks
complicates  its  adoption, as
industries often have to customize
solutions to their specific needs.
Addressing these challenges requires
coordinated efforts among
researchers, industries, and
policymakers to develop scalable,
cost-effective, and secure DT
solutions.
Implications for Sustainability and
Smart Systems

One of the most notable
findings of this study is the increasing
focus on sustainability and smart
systems in DT research. The
prevalence of themes like "smart city,"
"energy system,” and "carbon
emission" reflects the alignment of DT
technology with global sustainability
goals. DT offers unique advantages in
optimizing resource use, reducing
emissions, and enhancing the
efficiency of urban and industrial
systems. For instance, DT
applications in energy systems can
enable real-time monitoring and
optimization of power grids,
reducing  energy waste and
improving resilience. One of the most
notable findings of this study is the
increasing focus on sustainability and
smart systems in DT research. The
prevalence of themes like "smart city,"
"energy system,” and "carbon
emission" reflects the alignment of DT
technology with global sustainability
goals. DT offers unique advantages in
optimizing resource use, reducing
emissions, and enhancing the
efficiency of urban and industrial
systems. For instance, DT
applications in energy systems can

4.4

4.5

enable real-time monitoring and
optimization of power  grids,
reducing  energy  waste and
improving resilience.
Opportunities for Future Research
The bibliometric analysis
highlights several opportunities for
future research. First, there is a need
for more interdisciplinary studies that
integrate DT  with  emerging
technologies like blockchain, Al, and
5G. These technologies have the
potential to address some of the
current limitations of DT, such as data
security and real-time processing. For
instance, blockchain could enhance
the security and transparency of data
transactions in DT systems, while Al
could improve predictive analytics
and decision-making
Second, future should
explore the social and ethical
implications of DT technology. As DT
systems become more integrated into
industries and cities, questions about
data privacy, job displacement, and
digital equity  will
increasingly important. Addressing
these issues requires a holistic
approach that considers not only the
technical aspects of DT but also its
broader societal impact. Third, there
is an opportunity to expand DT

capabilities.
research

become

research into
domains, such as healthcare and
agriculture. While DT has already
shown promise in manufacturing and
energy, its potential applications in
other  sectors largely
untapped. For example, DT could be
used to create digital replicas of
biological systems for personalized
medicine or to optimize agricultural
processes for improved food security.
Limitations of the Study

While this study provides
valuable insights into the research
landscape of DT, it is not without
limitations. The analysis is based on
bibliometric data from specific

underexplored

remain
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databases, which may not capture all
relevant publications. Additionally,
the focus on keywords and co-
authorship networks provides a high-
level overview but does not delve into
the qualitative aspects of individual
Future could
complement this analysis with in-
depth case studies and meta-analyses

studies. research

Industry 4.0. The findings highlight
significant advancements in integrating DT
with IoT, sensors, and infrastructure, as well
as emerging applications in sustainability and
smart cities. However, challenges related to
risk, feasibility, and standardization persist,
requiring  collaborative  efforts among
researchers, industries, and policymakers. By

addressing these challenges and exploring

analysis underscores the

to provide a more nuanced
understanding of DT research.

new opportunities, DT technology has the

potential to  drive innovation and
sustainability across various sectors. This
study foundation  for
understanding the current state of DT
research and guiding future efforts in this

rapidly evolving field.

CONCLUSION

serves as a

bibliometric
dynamic and

In conclusion, the

interdisciplinary nature of DT research in

REFERENCES

(1

(2]

(3]
(4]

(5]

6]
(7

(8]

(%]

S. H. Khapekar, S. Wankhade, S. Sawai, S. Agrawal, and P. Jaronde, “Al-Driven Data Analytics Within Digital Twins:
Transformative Potential and Ethical Consideration,” in Digital Twin Technology and Al Implementations in Future-
Focused Businesses, IGI Global, 2024, pp. 61-69.

C. Assawaarayakul, W. Srisawat, S. D. N. Ayuthaya, and S. Wattanasirichaigoon, “Integrate digital twin to exist
production system for industry 4.0,” in 2019 4th Technology Innovation Management and Engineering Science
International Conference (TIMES-iCON), IEEE, 2019, pp. 1-5.

I. Zupic and T. Cater, “Bibliometric methods in management and organization,” Organ. Res. methods, vol. 18, no. 3,
pp. 429-472, 2015.

Y. Quan and S. Park, “Review on the application of Industry 4.0 digital twin technology to the quality management,”
J. Korean Soc. Qual. Manag., vol. 45, no. 4, pp. 601-610, 2017.

M. Raza, P. M. Kumar, D. V. Hung, W. Davis, H. Nguyen, and R. Trestian, “A digital twin framework for industry
4.0 enabling next-gen manufacturing,” in 2020 9th international conference on industrial technology and management
(ICITM), IEEE, 2020, pp. 73-77.

D. A. Howard, Z. Ma, C. Veje, A. Clausen, ]. M. Aaslyng, and B. N. Jergensen, “Greenhouse industry 4.0-digital twin
technology for commercial greenhouses,” Energy Informatics, vol. 4, pp. 1-13, 2021.

E. Negri, L. Fumagalli, and M. Macchi, “A review of the roles of digital twin in CPS-based production systems,”
Procedia Manuf., vol. 11, pp. 939-948, 2017.

J. Vachalek, L. Bartalsky, O. Rovny, D. Sigmisova, M. Morh4é, and M. Loksik, “The digital twin of an industrial
production line within the industry 4.0 concept,” in 2017 21st international conference on process control (PC), IEEE,
2017, pp. 258-262.

F. Tao, H. Zhang, A. Liu, and A. Y. C. Nee, “Digital twin in industry: State-of-the-art,” IEEE Trans. Ind. informatics,
vol. 15, no. 4, pp. 2405-2415, 2018.

W. Hu, K. Y. H. Lim, and Y. Cai, “Digital twin and industry 4.0 enablers in building and construction: a survey,”

V. Jovanovic et al., “Digital twin in industry 4.0 and beyond applications,” in Digital Twin Driven Intelligent Systems
T. Y. Pang, ]J. D. Pelaez Restrepo, C.-T. Cheng, A. Yasin, H. Lim, and M. Miletic, “Developing a digital twin and
digital thread framework for an ‘Industry 4.0’Shipyard,” Appl. Sci., vol. 11, no. 3, p. 1097, 2021.

A. Fuller, Z. Fan, C. Day, and C. Barlow, “Digital twin: Enabling technologies, challenges and open research,” IEEE
Q. Qi and F. Tao, “Digital twin and big data towards smart manufacturing and industry 4.0: 360 degree comparison,”
F. Tao and M. Zhang, “Digital twin shop-floor: a new shop-floor paradigm towards smart manufacturing,” IEEE

P. K. R. Maddikunta et al., “Industry 5.0: A survey on enabling technologies and potential applications,” J. Ind. Inf.

Y. Lu, C. Liu, I. Kevin, K. Wang, H. Huang, and X. Xu, “Digital Twin-driven smart manufacturing: Connotation,
reference model, applications and research issues,” Robot. Comput. Integr. Manuf., vol. 61, p. 101837, 2020.

[10]

Buildings, vol. 12, no. 11, p. 2004, 2022.
[11]

and Emerging Metaverse, Springer, 2023, pp. 155-174.
[12]
[13]

access, vol. 8, pp. 108952-108971, 2020.
[14]

leee Access, vol. 6, pp. 3585-3593, 2018.
[15]

access, vol. 5, pp. 20418-20427, 2017.
[16]

Integr., vol. 26, p. 100257, 2022.
[17]
[18]

F. Tao, Q. Qi, L. Wang, and A. Y. C. Nee, “Digital twins and cyber—physical systems toward smart manufacturing

Vol. 2, No. 02, December 2024, pp. 92-104



The Eastasouth Journal of Information System and Computer Science (ESISCS) O 104

and industry 4.0: Correlation and comparison,” Engineering, vol. 5, no. 4, pp. 653-661, 2019.

[19] F. Tao et al., “Five-dimension digital twin model and its ten applications,” Comput. Integr. Manuf. Syst, vol. 25, no. 1,
pp- 1-18, 2019.

[20] M. Singh, E. Fuenmayor, E. P. Hinchy, Y. Qiao, N. Murray, and D. Devine, “Digital twin: Origin to future,” Appl.
Syst. Innov., vol. 4, no. 2, p. 36, 2021.

[21] C. Semeraro, M. Lezoche, H. Panetto, and M. Dassisti, “Digital twin paradigm: A systematic literature review,”
Comput. Ind., vol. 130, p. 103469, 2021.

[22] F. Tao, M. Zhang, ]J. Cheng, and Q. Qi, “Digital twin workshop: a new paradigm for future workshop,” Comput.
Integr. Manuf. Syst., vol. 23, no. 1, pp. 1-9, 2017.

Vol. 2, No. 02, December 2024, pp. 92-104



