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Abstract

Every year, the construction industry in Bangladesh records over 150 fatalities, shedding light on its pressing safety
issues. This presentation reviews the potential of Artificial Intelligence (AI) and Computer Vision (CV) as
innovative solutions to enhance safety monitoring on construction sites. By utilizing real-time data collection and
automated analysis, Al and CV technologies can detect unsafe behavior, such as non-compliance with personal
protective equipment (PPE) requirements, and send immediate alerts to site engineers. The study explores the
integration of these technologies into the construction industry in Bangladesh, focusing on Al-driven systems
powered by machine learning algorithms like YOLOVS. These systems can offer continuous monitoring during
the construction period, reducing human error and fatigue, which are common limitations of manual safety
supervision. The review also highlights the critical importance of data collection, with a focus on constructing
localized datasets to improve model accuracy in the context of Bangladesh's construction sites. Additionally, this
review outlines future research directions, including the adoption of more advanced Al models such as YOLOv11
and RT-DETR (Real-Time Detection Transformer), as well as the development of mobile-friendly solutions for
real-time deployment in construction safety monitoring. The ultimate goal is to establish a comprehensive safety
monitoring framework tailored to Bangladesh’s unique construction environment, enhancing worker safety and
reducing the risk of accidents on-site.

Keywords: Intelligent Safety Monitoring; Construction Safety in Bangladesh; Al in Construction Industry; Real-
Time Hazard Detection; Vision in Safety Monitoring.

1 Introduction

The construction sector is one of the key pillars of Bangladesh’s economic growth. According to provisional
estimates published by the Bangladesh Bureau of Statistics (May 2025), the three main sectors of the economy are
services, industry, and agriculture. Within the industrial sector, construction contributed 9.25% to the national
GDP, amounting to BDT 4,988 billion, with a growth rate of 5.6% (see Figure 1) (Bangladesh Bureau of Statistics,
2025). Approximately 2.5 to 3.0 million people are engaged in the construction sector in Bangladesh, making it
one of the largest employment-generating industries and a vital contributor to the national economy (Ali et al.,
2022). According to Research and Markets (2025), Bangladesh’s construction industry is projected to grow from
USD 34.41 billion in 2025 to USD 46.96 billion by 2030, driven by infrastructure development and urbanization
(Research and Markets (powered by ConsTrack360), 2025). Government initiatives and megaprojects such as the
Padma multi-purpose Bridge, Dhaka Metro rail, Matarbari Coal Power Plant, Matarbari Deep Sea Port, Payra Deep
Sea Port, Dhaka Elevated Expressway, Chattogram-Cox's Bazar Rail Line and Rooppur Nuclear Power Plant are
the key contributors to this growth trajectory. However, this rapid growth has been accompanied by a surge in
workplace accidents. The construction industry is considered one of the most dangerous sectors globally (M. R.
Islam et al., 2019; Zhou et al., 2015), with a fatality rate that exceeds other industries by a significant margin (Ali
et al., 2022). However, this growth has been accompanied by persistent safety challenges. Construction sites in
Bangladesh are among the most hazardous workplaces, with fatality rates far exceeding global averages (Ahmed,
2019). According to the Bangladesh Occupational Safety, Health, and Environment Foundation (OSHE), Safety
and Rights Society (SRS) (Safety and Right, 2023), and various news sources, over the past decade, more than
1,400 construction-related deaths have been reported in Bangladesh, making it the second deadliest (26%) sector
in the country after transportation (28%) (Hoque et al., 2024). These fatalities are primarily due to falls from heights
and electrocution, with 53% of the deaths resulting from falls. Between 2016 and 2019, a total of 643 deaths were
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reported. However, one study noted that many fatalities were not included in official reports, as they were based
solely on newspaper accounts (Ahmed, 2019; Hoque et al., 2024).
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Figure-1. Breakdown of GDP by Major Sectors in Bangladesh (May 2025) (Image by author).

The growing demand for urban infrastructure in Bangladesh, combined with rapid population growth, indicates
that construction projects are only set to increase, further magnifying the safety challenges. Despite the existence
of safety regulations such as the Bangladesh National Building Code (BNBC) and the Bangladesh Labor Act
(BLA), enforcement remains inadequate and safety practices are inconsistently applied, especially in the private
sector (Hossain & Ahmed, 2019). Common issues include inadequate use of personal protective equipment (PPE),
poor site planning, lack of safety training, and insufficient emergency preparedness. These shortcomings not only
endanger lives but also lead to project delays, increased costs, and reputational damage (Hossain & Ahmed, 2018).
increased costs, and reputational damage. Conventional safety monitoring techniques, dependent on manual
inspections and reactive reporting, are inadequate for the dynamic characteristics of construction sites. These
methods necessitate the constant presence of a site engineer, which is frequently unfeasible. Artificial Intelligence
and Computer Vision technologies offer potential options for real-time surveillance and proactive intervention
(Kulinan et al., 2024). Al systems can utilize smart cameras, deep learning, and edge computing to detect risky
behaviors, identify risks, and send alarms prior to accidents, including falls from height (Fang et al., 2018).. This
article examines construction safety concerns in Bangladesh, evaluates the limitations of present practices, and
investigates the potential of Al and CV technologies to improve safety management. It seeks to facilitate the
incorporation of intelligent monitoring technologies into construction processes.

2 Key Causes of Construction Accidents

Construction accidents are primarily attributed to several critical factors, including insufficient safety awareness,
lack of monitoring, inadequate protective gear, and lax regulation enforcement. A significant number of employees
lack formal education, resulting in non-adherence to safety regulations and disregard for safety guidelines (Habiba
and Khadijatul, 2022). A survey indicated that 30 of 42 workers had not finished primary education (M. Islam &
Roy, 2019). The absence of safety training renders workers oblivious to possible hazards, hence increasing the
likelihood of accidents. A significant number of employees disregard the utilization of personal protective
equipment and do not acknowledge the dangers posed by hazardous substances or machinery. Improving safety
education is crucial for reducing accidents and ensuring a safer environment (Roy et al., 2024). Furthermore,
insufficient personal protective equipment, especially in small enterprises, exacerbates the dangers of falls,
electrocution, and other hazards. A study revealed that contractors' ignorance was a primary factor contributing to
mishaps (Ahmed, 2019). Notwithstanding current restrictions, the enforcement of safety laws in Bangladesh's
building industry is inadequate. Numerous construction companies disregard safety regulations owing to
inadequate supervision by regulatory bodies (Hossain & Ahmed, 2019). Essential regulations, including the
Bangladesh Labour Act 2006 and the Bangladesh National Building Code (BNBC), stipulate safety protocols such
as the utilization of personal protective equipment (PPE) and mechanical safety measures. Regulatory
organizations, particularly concerning small-scale sites, are deficient in their capacity for routine inspections or
enforcement of penalties. This gap allows contractors to bypass protocols, resulting in unsafe conditions and
frequent accidents. Strengthening enforcement and accountability is crucial for improving safety.

The direct consequence of poor safety practices is a high incidence of injuries and fatalities. The construction

sector in Bangladesh continues to account for a significant percentage of occupational deaths, with approximately
150 deaths annually (Hossain & Ahmed, 2019). These accidents not only affect the workers but also their families
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and the wider community, creating a long-lasting social and economic impact. Figure 2 illustrates annual
construction-related fatalities in Bangladesh from 2013 to 2024 (Hoque et al., 2024). For the last two years (2023
and 2024), we collected data from newspapers.
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Figure 2. Statistics of Death Numbers Due to the Construction Accident in Bangladesh (2013 to 2024) (Image by
author).

3 Methodology

This study employs a content analysis-based review methodology. This method is a well-acknowledged approach
for reviewing and synthesizing literature and justifying conclusions. The selected journals must be obtained from
the Science Citation Index 129 (SCI)-Expanded database, as they index over 9,000 prominent and relevant journals
across more than 200 fields. Initially, a comprehensive literature review was conducted using Google Scholar,
Scopus, and Web of Science to identify studies that specifically utilized Bangladeshi datasets or included keywords
such as Al for construction safety, Construction Safety Monitoring, Real-Time Safety Systems, and Vision-based
Safety Monitoring. Although this search yielded a number of articles, the screening revealed that none of them
were based on Bangladeshi datasets. To broaden the scope, the screening was repeated using the same keywords
but excluding the Bangladesh-specific filter, focusing only on publications from the past five years. This expanded
search resulted in 320 articles. After a preliminary relevance screening, 34 papers were shortlisted for review.
Following a detailed review of their abstracts, 11 highly relevant papers were selected for in-depth analysis.

3.1 Artificial Intelligence with Vision Techniques

Artificial Intelligence (AI) encompasses technologies that simulate human intelligence, including learning and
perception. Machine Learning (ML), a subset of Al, enables systems to learn from data, while Deep Learning
(DL), a further subset of ML, uses neural networks to model complex patterns. Computer Vision (CV), a key
application area of Al, leverages DL techniques to interpret visual data, making it essential for real-time safety
monitoring in construction environments. Figure -3 illustrates the relation between CV and Al

Artificial
intelligence(AI)

Object
" Detection |

Learning (DL) Object |
/ > Classification ;

Monitoring. (Example image adapted from (Fang et al., 2018; Seo et al., 2015))

3.2 Al with CV for safety monitoring in Construction
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Artificial Intelligence (AI) combined with Computer Vision (CV) offers a transformative approach to safety
monitoring on construction sites. By utilizing real-time image processing and object detection, Al and CV
technologies can automatically identify safety hazards, such as workers failing to wear personal protective
equipment (PPE) (Jeon et al., 2024). For instance, consider a typical bustling construction site in Dhaka. Using
YOLO algorithms, Al systems can swiftly detect workers who are not wearing helmets amidst the myriad activities,
instantly alerting supervisors before an accident occurs. This not only prevents immediate hazards but also fosters
a culture of safety compliance. The key applications were summarized and the findings of Al and CV in
construction safety monitoring are depicted in Table 1, highlighting their potential to improve safety outcomes and
reduce accidents.

Table 1. Summary of Algorithms for Real-Time PPE and Safety Monitoring in Construction Sites.

Authors Algorithm Data Collection Objective / Key Findings
Used Method

(Chengetal., YOLOvVS CCTV cameras, Real-time Detection of Workers' Movement and
2022) PPE, Accuracy 96.62%
(Shanti et al., YOLOV3, & CCTV & Detected PPE compliance, focusing on fall-from-
2021) CNN surveillance camera  height prevention. Precision was 99%.
(Hayat & YOLOVS From construction Real-time safety helmet detection under various
Morgado- sites conditions, ideal for real-time monitoring. Model
Dias, 2022) accuracy was mAP 92.44%.
(D. Kim & YOLOvVS8 Large-scale PPE Real-time detection of PPE (helmets, harnesses,
Xiong, 2025) dataset lanyards) to prevent falls. mAP 92.44%.
(Lee & Lee, CNN, Transfer CCTV, synthetic Monitor workers for safety risks, including falling
2023) Learning datasets and PPE compliance. Precision value was 93%
(K. Kimetal., YOLOVS, Web-crawled Detection workers' PPE, mAP50 test accuracies of
2023) YOLOvVS images dataset 94.1% in v5 and 95.1% in v8.
(Mahmud et YOLOvVS8 Custom dataset Detect safety helmet compliance under various
al., 2023) from Open source conditions at construction sites. Accuracy 92%
(Ngoc-Thoan ~ YOLOVS5 PPE dataset from Real-time Detection of PPE, including a helmet.
et al., 2024) open source The Precision was above 90% with 110 FPS.
(Xu et al., Efficient- Custom dataset, Detection Safety Harness, Fall from Height to
2023) YOLOVS, construction sites Prevent Accidents. The mAP was 94%.

Several studies have demonstrated the effectiveness of object detection algorithms, such as YOLO (You Only
Look Once), for real-time monitoring of workers' compliance with safety protocols. For instance, papers like those
by (Mahmud et al., 2023) and (Xu et al., 2023) Showcase how YOLOvS and Efficient-YOLOV3 can be applied to
detect safety helmet compliance, reducing the need for manual monitoring. In addition, (Kulinan et al., 2024)
integrated the YOLOvVS algorithm with Building Information Modelling (BIM) to detect workers' personal
protective equipment (PPE) and their location within the BIM environment. The system successfully identified
workers under each condition using bounding boxes, green indicating compliance and red indicating non-
compliance (see Figure 4).

20s 35s 50s

Figure-4. Safety monitoring from CCTV cémera to BIM Visuélization in real-time (Kulinan et al., 2024).

Several datasets have been employed in recent studies to advance helmet detection in construction environments.
The COCO dataset, consisting of 15,000 images, was utilized by (Lee & Lee, 2023) with their model achieving a
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precision of 93%. Similarly, Kaggle’s Safety Helmet Dataset was utilized by (Kim et al., 2023), which includes
4,844 labeled images of construction workers wearing safety gear, and reported an mAP50 accuracy of 95.1%.
The AI-Hub Construction Safety Dataset, featuring 11,620 images from different sources like Roboflow, online
platforms, synthetic data, and field data, was used by (Kim and Xiong, 2025), and they mentioned that the model
achieved a mAPs, accuracy of 92.52%.

4. Research Gap and Future Direction

Although Al and Computer Vision (CV) present potential solutions for safety monitoring in construction,
significant gaps persist. Most studies concentrate on discrete components, such as helmet detection, vest
identification, or fall events, without synthesizing various safety variables into a cohesive system. This constrains
the capacity to comprehensively evaluate and avert mishaps. Moreover, numerous Al models depend on open-
source datasets such as those from Kaggle, which frequently do not accurately represent real-world settings,
particularly in areas like Bangladesh. The lack of localized, real-time data undermines the precision and
dependability of these systems, diminishing their efficacy in dynamic construction settings. To improve worker
protection, it is essential to create comprehensive models informed by context-specific data. To overcome existing
restrictions, future construction safety monitoring must implement a comprehensive structure specifically designed
for the site conditions in Bangladesh. The suggested framework (refer to Figure 5) will utilize real-world data from
local construction sites to address realistic safety concerns and incorporate various PPE compliance checks,
including helmets, vests, harnesses, and fall detection, into a cohesive system. Utilizing sophisticated deep learning
models such as Vision Transformers (e.g., RT-DETR) and YOLOV11, the system would provide real-time
monitoring with enhanced precision and rapidity. The system will include an alarm mechanism to promptly notify
site engineers of safety violations and will be mobile-compatible for on-site access. This comprehensive strategy
could markedly improve proactive safety management and diminish construction-related accidents.

Identify Non-
PPE Workers

V7

Data Collection Detect and Classify Location Identification Generate an alarm for site |
engineer intervention.

Figure-5. Proposed Framework for Real-Time Detection of Non-PPE Workers Using Advanced deep learning and
BIM Integration. (The author created this figure, and the example images were adapted from (Kulinan et al., 2024)).

5. Conclusion

Integrating Al and CV into construction safety monitoring systems is a big step forward in making workers safer.
Al-driven models, particularly those utilizing object detection algorithms like YOLO, have made significant
progress in the real-time identification of safety violations, including the detection of workers without personal
protective equipment (PPE). This study shows that using these technologies for real-time monitoring cuts down
on accidents, makes it easier to follow safety rules, and helps people find risks before they happen. The ability to
detect violations, such as not wearing personal protective equipment, makes safety better than traditional systems
that rely on manual inspections. This review highlights that Al and computer vision systems can achieve robust
accuracy across various detection algorithms. For example, integrating YOLO with CNN has demonstrated a
precision of 99%, while YOLOvS5 has shown impressive real-time performance with speeds reaching 110 FPS,
making these models highly effective for safety monitoring in construction environments. Moreover, most existing
models rely on open-source datasets that fail to reflect the specific conditions of construction sites in Bangladesh.
Developing localized datasets and adaptive frameworks will therefore be critical for achieving accurate and reliable
safety monitoring.

Future systems will offer a more complete solution by broadening the scope of safety monitoring to cover all types
of PPE, fall prevention measures, and other important safety considerations. Adding powerful Al models will make
these systems much faster and more accurate. This will let them find things in real time and provide alarms to site
engineers right away. Also, adding mobile apps would make it easy to check on safety, giving site managers the
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tools, they need to act quickly when necessary. In the end, the future of construction safety depends on constant
new ideas. When Al and CV technologies are used with real-world data, they could change the way safety is
monitored in a big manner, making construction sites not just safer but also smarter. The ongoing development of
these technologies will be significant for lowering the number of accidents and raising the general safety culture
in the construction industry.
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