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Abstract. The effectiveness of safety control on construction sites directly influ-
ences the quality of construction management and the achievement of production
objectives. Traditional manual safety monitoring methods are increasingly chal-
lenged due to their inefficiency and unreliability. Advances in computing tech-
nologies—particularly in artificial intelligence (Al)—have created new opportu-
nities to address these limitations. This study utilizes VOSviewer software to per-
form a multi-perspective visual analysis of relevant literature sourced from the
Web of Science Core Collection, including publication volume, journals, coun-
tries, authors, and keywords. The aim is to investigate the current research land-
scape, emerging focal areas, and evolving trends in applying Al technologies—
particularly computer vision—to safety management on construction sites. The
results reveal a consistent increase in journal publications within this field. High-
quality research is primarily published in journals such as Automation in Con-
struction and Advanced Engineering Informatics. Core research topics include
deep learning, computer vision, tracking, equipment, construction sites, recogni-
tion, and object detection.
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1 Introduction

The construction sector represents about 7% of global employment and is widely
acknowledged as a key driver of economic growth. However, due to the inherent un-
controllability of safety conditions on construction sites, construction activities alone
are responsible for 30% to 40% of work-related fatalities worldwide. Statistical data
indicate that nearly 100,000 workers die annually on construction sites due to illegal or
improper working conditions. Therefore, improving the safety environment of con-
struction sites through effective measures is of paramount importance. the construction
sector functions in a constantly changing and uncertain environment. The production
nature of construction sites involves multiple interdependent and dynamically interact-
ing elements, which often lead to unsafe conditions among various production factors.
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Inadequate on-site management significantly increases the likelihood of safety inci-
dents, Zhao!'! mentioned that imposing substantial economic burdens on organiza-
tions—including medical expenses, compensation claims, project delays, and reputa-
tional damage. Consequently, the key to construction site safety management lies in the
effective control of potential hazards and the unsafe states of production elements.

Construction sites represent a complex interplay of natural geography, human activ-
ity, and hazardous elements. Traditional safety monitoring methods on construction
sites typically involve on-site inspections conducted manually by safety personnel, who
observe workers’ behavior and document safety conditions through direct supervision
or paper-based records. Yangmentioned These methods often result in low monitor-
ing efficiency, time-consuming procedures, high labor costs, and insufficient inspection
coverage, thereby overlooking potential safety hazards. With the rapid development of
artificial intelligence (AI) technologies, new opportunities have emerged for the con-
struction industry. Notably, The work of Luo® shows that deep learning and interdis-
ciplinary technologies have become emerging trends in the management of construc-
tion safety. Machine vision, a fast-evolving branch of Al, empowers computers and
systems to interpret valuable information from digital images, videos, and other visual
data. Utilizing machine learning, deep learning, and image processing methods, it au-
tomates tasks traditionally handled by human vision Extensive research is currently
underway to improve construction site safety using computer vision technologies. A
study by Seol® Shows that computer vision for safety monitoring, integrating object
detection, tracking, and action recognition. This comprehensive model facilitates risk
identification by analyzing the relationships among scene, location, and actions. Fur-
thermore, The work of Fangl> ¢ have developed computer vision methods for on-site
safety improvement. For instance, by integrating computer vision with ontology-based
frameworks, As Haitaol”) indicated visual information is extracted from construction
site images and used to infer site-specific risks, facilitating safety management of con-
struction workers. In addition, computer vision has been applied to identify and track
the safety status and movement trajectories of production elements on construction
sites—such as workers, As Jeelani'™ study structural components, tools and equipment,
and materials—to detect potential hazards and issue timely warnings. As Yu™ has in-
dicated skeleton-based parametric approaches to identify unsafe worker behavior by
analyzing human posture in images. In recent years, as Al-related technologies continue
to evolve, an increasing number of studies have explored new tools and techniques
aimed at improving safety management and accident prevention on construction sites.
With ongoing advancements and iterations in algorithmic technologies, it is necessary
to review the latest literature in this domain. This study adopts a bibliometric approach
to conduct statistical analysis and knowledge mapping, in order to provide a compre-
hensive understanding of the current research landscape, identify development trends,
and anticipate future research hotspots. The findings are intended to offer valuable ref-
erences for the effective and efficient control of construction site safety.
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2 Research Methodology

The Web of Science Core Collection is the main data source for this study, concentrat-
ing on literature concerning the use of computer vision technology in managing con-
struction site safety. To ensure the comprehensiveness and accuracy of the data, the
selected indexes include SCI-EXPANDED and SSCI. The search string used is:
((“safety management” OR “construction site””) AND (“computer vision” OR “vision-
based” OR “image processing” OR “deep learning” OR “vision” OR “3D”)). The
search is limited to the period from 2017 to 2025, and the document types are restricted
to articles and review articles. A total of 412 academic papers were retrieved. After
manual screening to exclude reviews and literature irrelevant to “safety management”
and “construction site”, 180 articles were retained for further analysis. Using
VOSviewer, bibliometric maps were generated to analyze co-citation networks of jour-
nals, co-authorship networks of countries, bibliographic coupling of authors, and key-
word co-occurrence networks.

3 Statistical Analysis of the Literature

3.1  Analysis of Publication Output

The 180 journal articles analyzed in this study were authored by 583 researchers affili-
ated with 208 institutions across 34 countries. These articles were published in 47 aca-
demic journals and collectively cited 6,478 references from 2,507 source journals.

As illustrated in Fig. 1, the yearly volume of publications on applying computer vi-
sion technology to construction site safety control has risen markedly since 2020, sur-
passing the levels of the previous three years. A particularly sharp growth in publication
output is observed beginning in 2022. Xiaol'% points out that This trend may be driven
by the global outbreak of COVID-19, which underscored the urgency of developing
intelligent and automated safety solutions, as well as by major technological advances
in the field of artificial intelligence. These developments indicate that this research do-
main has been attracting increasing scholarly attention and has gradually emerged as a
new focal point in construction site safety studies.
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Fig. 1. Publication frequency of relevant literature in the field from 2017 to 2025

Fig. 2 highlights the journals publishing the most research in this field. Automation
in Construction leads with 47 articles, followed by Buildings with 15, the Journal of
Construction Engineering and Management with 14, and Sensors with 13. These find-
ings suggest that the majority of research outputs in this field are concentrated in these
journals, highlighting their significant potential to further advance scholarly contribu-
tions to construction site safety supported by computer vision technologies.
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Fig. 2. Number of academic publications in relevant scholarly journals

The journal co-citation network reveals the underlying knowledge structure and dis-
tribution of intellectual resources within the research domain. As shown in Fig. 3, the
most frequently co-cited journals are identified, highlighting key sources that have
made significant contributions to the field. In the network, each node represents a single
journal, while the links between nodes indicate co-citation relationships. The thickness
and density of the links indicate the strength of co-citation, revealing thematic clusters
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and collaboration patterns within the field. The top four co-cited journals are Automa-
tion in Construction (1,807 co-citations), Advanced Engineering Informatics (452),
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition
(CVPR) (450), and the Journal of Computing in Civil Engineering (411). Among these,
Automation in Construction stands out as a key knowledge source for researchers ex-
ploring the use of computer vision and Al algorithms in construction site safety and
risk management. Additionally, Advanced Engineering Informatics provides essential
theoretical and methodological support for project management teams seeking to mon-
itor and predict engineering risks using intelligent technologies.
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Fig. 3. Most frequently cited journals (co-citation analysis)

3.2 Analysis of Countries and Key Authors

Identifying influential countries based on their academic impact is essential for under-
standing the foundational structure and evolving dynamics of this research domain. As
illustrated in Fig. 4, the map presents the research progress of each country or region
over the past eight years. The results indicate that China has published 86 articles with
a total of 2,344 citations, followed by South Korea with 51 articles (1,012 citations),
and the United States with 30 articles (969 citations). These figures suggest that these
countries demonstrate a higher level of commitment and technological investment in
this field compared to others. Moreover, China, South Korea, and the United States
have established strong academic collaboration networks both among themselves and
with other countries. Such international cooperation is conducive to promoting innova-
tion and advancing research in the area of construction site safety through computer
vision technologies.
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Fig. 4. Country-level analysis of publication output and collaboration

Author analysis sheds light on leading researchers who have significantly advanced
the use of vision-based technologies in construction site safety, along with their schol-
arly output. Identifying these key contributors helps trace the evolution of research di-
rections in computer vision and related Al technologies, offering a clearer picture of
the field’s academic landscape. In line with Lotka’s Law, a small group of authors ac-
counts for most publications, while many contribute only a single paper. Table 1 pre-
sents the most prolific and influential authors in this domain, highlighting their central
role in advancing research in this area.

Table 1. Top five most influential authors by number of publications.

Author Affiliation Do (iiation  AVErAES
ment citatin
Li,Heng Hong Kong Polytech Univ 8 558 73.5
Kim, 1Y Yonsei Univ 6 305 50.8
oungkwan
Dalian Universi f Technol-
Zhang, Mingyuan 0 an University of fechno 6 206 343
ogy
Kim, Hongjo Yonsei Univ 5 289 57.8
Park, Seunghee Sungkyunkwan Univ 5 61 12.2
Chen,Chen Zhejiang Univ 4 24 6

Analyzing the interconnections among shared references helps identify key author
clusters and categorize the knowledge structures within the field. As shown in Fig. 5, a
bibliographic coupling analysis was conducted based on the number of shared refer-
ences among articles. The resulting visualization highlights several central authors rep-
resented by larger nodes—such as Li, Zhang, Kim Hyongkwan, Park Seunghee, and
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Xiao Bo—who have made significant contributions to the field and serve as pivotal
figures within the collaborative research network.
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Fig. 5. Author bibliographic coupling network

3.3 Keyword Analysis

Keyword co-occurrence in scholarly publications serves as an effective tool for uncov-
ering central research themes and emerging trends in a specific field. In addition, the
frequency with which keywords appear together allows for the identification of concept
clusters, thereby enabling the quantification and visualization of the knowledge struc-
ture of the domain. Fig. 6 presents the keyword co-occurrence network, which illus-
trates the conceptual relationships among key terms. In the figure, each circle represents
a keyword, with larger circles indicating higher occurrence frequency. Lines between
circles denote co-appearance in the same documents, with denser links reflecting
stronger associations. Notably, 'deep learning' (DL) stands out as a central node, high-
lighting its pivotal role in applying Al-based vision technologies to construction site
safety. The co-occurrence network also reveals six distinct clusters: Cluster 1 (red),
Cluster 2 (blue), Cluster 3 (green), Cluster 4 (yellow), and Cluster 5 (purple).
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Fig. 6. Keyword co-occurrence network
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The red cluster is dominated by high-frequency keywords such as computer vision,
tracking, object detection, and construction safety, reflecting the strong association be-
tween computer vision technologies and safety control in construction sites. Given the
complexity of construction environments, which often involve a wide variety of equip-
ment, it is essential to accurately identify and interpret the behavior and status of these
machines for effective site management and safety control. Jeong!!!! combining com-
puter vision with audio data enables the identification of equipment types, monitoring
of workflows, and assessment of site conditions for hazard prediction and equipment
behavior recognition. Likewise, Zhang!'?l employed computer vision and deep in colli-
sion detection and alert systems by tracking the movement trajectories of large con-
struction machinery, such as tower cranes.

The blue cluster, marked by keywords like deep learning, construction, and manage-
ment, emphasizes the use of deep learning methods in construction management prac-
tices. Timely detection of unsafe worker behaviors and hazardous production states is
critical for ensuring site safety. Enhancing management efficiency to prevent safety
incidents is therefore essential., Wang!'3] combines wireless sensing with deep learning
has been proposed to monitor construction workers’ fatigue levels in real time, allowing
for early intervention to prevent fatigue-induced accidents.

The green cluster includes keywords such as construction site, equipment, and
safety, which emphasize the importance of personal protective equipment (PPE) in-
spections, monitoring of heavy machinery operations, and hazard avoidance mecha-
nisms. Kim{!'* has point out vision-based hazard avoidance system that proactively
warns workers of potential risks. By presenting augmented hazard information on wear-
able devices, the system improves situational awareness, allowing workers to detect
and prevent accidents in advance.

Fig. 7 displays the keyword density map, where each term is color-coded according
to the concentration of surrounding keywords. High-density regions appear in yellow,
while lower-density areas shift toward blue. This visualization reflects the relative im-
portance of terms in the literature and offers a snapshot of key research areas. Prominent
themes include keywords such as deep learning, computer vision, tracking, recognition,
model, and equipment.
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Fig. 7. Keyword density visualization
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4 Conclusion

By conducting a scientometric review using VOSviewer, this study visualizes the latest
progress and emerging trends in the application of artificial intelligence technologies
for construction site safety control. Through the construction and analysis of knowledge
maps from multiple perspectives, several key features have been identified:

(1) Research publications in this field have risen sharply since 2022, reflecting in-
creasing academic interest in applying Al technologies to construction safety manage-
ment. Leading contributions come from journals such as Automation in Construction
and Advanced Engineering Informatics.

(2) In terms of national publication output, China and South Korea lead the field.
Close collaborative relationships have been established between these two countries, as
well as between them and several European countries, suggesting an international re-
search network that supports further advancement in the domain.

(3) Author co-citation analysis reveals that three of the top five most highly cited
authors are from South Korea and two are from China. The most influential contributors
are Li Heng from The Hong Kong Polytechnic University and Kim Hyoungkwan from
Yonsei University in South Korea, both of whom have made substantial contributions
to the field.

(4) Keyword co-occurrence analysis indicates that current research topics are pri-
marily focused on deep learning, vision-based technologies, tracking, modeling, and
equipment-related algorithm development.

5 limitation and Outlook

With the development of learning algorithms, neural networks, and large language
models (LLMs), along with the exponential increase in computer processing power, the
transformation from basic automation to more data-driven approaches has enabled wide
applications of computer vision technologies. However, there still exist limitations to
be solved in applying vision technologies in construction site safety control. Visual data
acquisition is crucial for training artificial intelligence algorithm models (deep learning
and RNN) for reasoning and predicting construction site safety conditions. Neverthe-
less, due to the chaotic nature of different construction sites and the complex character-
istics of dynamic, easily occluded production elements or risk sources, it is difficult to
form high-quality and shareable visual datasets, which limits the accuracy of safety
monitoring. Moreover, different construction projects have different safety require-
ments and safety evaluation systems, which leads to the situation that vision-based al-
gorithm systems trained on one specific site cannot be generalized to other projects,
resulting in high costs in visual safety monitoring and control. In addition, the risk
sources in complex construction environments interact and influence each other, but
many current vision-based safety monitoring systems focus only on single production
elements’ hazardous states and trajectory prediction, making the safety control process
too idealized. In order to achieve better visual analysis and safety reasoning, it is



1008 T. Wumierhan and D. He

necessary to provide a more comprehensive risk logic of safety hazards in the construc-
tion site, combining prediction, visual analysis, and reasoning evaluation.

Construction safety standards and safety policies are the foundation of site safety
control, but due to national and regional differences, it is difficult to reach uniformity.
The development of computer vision technologies brings new opportunities for re-in-
tegrating and developing these standards. However, the application and popularization
of Al computer vision technologies in construction sites must follow the legal charac-
teristics of different countries, such as enterprise protection laws, human rights laws,
and data protection laws, in order to prevent resistance from the industry to the devel-
opment of new technologies.
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