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ABSTRACT 

A typical construction site consists of multiple workers, heavy machinery with moving parts, and unstable structures. 
This creates a hazardous environment for workers, posing significant safety risks. Traditional safety measures often 
fail to provide real-time, comprehensive hazard detection. However recent advances in computer vision have led to 
much research in using computer vision to improve worker safety. This literature review examines how stereo vision, 
a branch of computer vision, enhances worker safety by offering precise, real-time hazard detection in dynamic envi-
ronments. The paper provides an overview of the current state of stereo vision technology, highlighting its ad-
vantages—such as depth perception, automation, and cost-effectiveness—as well as its challenges, including privacy 
concerns and environmental limitations. Review discusses future research directions to address these challenges and 
inspire further research in this field. 

Introduction 

Construction sites are among the most hazardous work environments, accounting for a significant proportion of work-
place accidents and fatalities globally. In 2022, the construction industry had the most fatalities of any industry sector 
in the United States, with 1,069 construction professionals dying while working. This represents a fatality rate of 9.6 
per 100,000 full-time workers, highlighting the severe risks associated with this field (Phillips et al., 2023). Heavy 
machinery, moving equipment, and unpredictable environments increase the dangers, leading to accidents that can 
result in serious injuries or fatalities. The high incidence of accidents in construction underscores the critical need for 
stringent safety measures and ongoing efforts to improve workplace safety in this industry. 

Traditional safety measures—such as manual supervision, wearable sensors, and GPS tracking systems—
often fall short in providing real-time, comprehensive hazard detection due to limitations in scalability, cost, and 
accuracy (Wu et al., 2021). The need for a more effective solution is evident, and computer vision technology has 
emerged as a promising alternative. Specifically, a branch of Computer Vision known as Stereo Vision has shown 
significant potential to improve hazard detection. Stereo vision-based approaches utilize two or more cameras to gen-
erate a 3D model of the environment, enabling precise depth perception and offering detailed insights into potential 
hazards. 

This paper reviews the current state of stereo vision research for real-time hazard detection for worker pro-
tection. We examine the stereo vision's key strengths, including real-time depth perception, automation, and scalabil-
ity. Additionally, we discuss its limitations, such as privacy concerns and environmental challenges, and highlight 
areas for future research to address these challenges and inspire further innovation in safety systems. 
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Strengths of the Stereo-Vision-Based Approach 
 

 
 
Figure 1. 
 
Real-Time Depth Perception 
 
One of the key advantages of stereo vision for worker safety is its ability to do real-time depth perception. Like human 
eyes, stereo cameras capture images from slightly different positions, allowing the system to compute the distance 
between objects and generate a 3D model of the environment (Lee, Khan, & Park, 2020).  

The system's ability to measure distances enables real-time assessment of whether workers are within haz-
ardous zones. For example, stereo cameras mounted on cranes can detect when a worker is approaching a hazardous 
zone, allowing immediate action to be taken to prevent accidents (Pazari et al., 2023).  

Unlike 2D vision systems, the stereo system offers a more complete view of the environment, allowing for 
more accurate detection and tracking of objects and workers (Ishimoto & Tsubouchi, 2013). Lee et al. (2020) demon-
strated that stereo vision systems could effectively detect both vertical and horizontal hazards, such as falling objects 
or machinery operating near workers.  

Moreover, stereo vision systems reduce blind spots for operators of heavy machinery. Ishimoto and Tsu-
bouchi (2013) found that stereo cameras mounted on hydraulic excavators allowed operators to detect obstacles and 
workers in real-time, minimizing blind spots and improving overall safety. This depth perception reduces the likeli-
hood of accidents caused by equipment collisions or close encounters between workers and machinery. 
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Automation in Hazard Detection 
 
Automation is another key benefit of stereo vision systems in hazard detection. Traditional safety systems often require 
additional human supervision or additional sensors, such as radio-frequency identification (RFID) tags or GPS de-
vices, which are labor-intensive and prone to errors due to human oversight (Wu et al., 2021). Stereo vision systems 
can automate the whole process and alert the workers without additional human intervention. 

This opens up more use cases for the system. For instance, a stereo vision system mounted on a construction 
vehicle can automatically detect obstacles or workers and alert the operator in real-time. Lee et al. (2020) demonstrated 
that the stereo vision system could adjust to both static and moving hazards, ensuring continuous monitoring without 
requiring additional sensors to be attached to workers or machinery.  

This automated detection process not only improves safety but also significantly reduces the chances of hu-
man error, a major factor in workplace accidents (Khan et al., 2023). 
 
Scalability and Cost-Effectiveness 
 
Compared to traditional hazard detection systems, stereo vision is more scalable and cost-effective. Technologies such 
as LIDAR sensors are very expensive while RFID tracking requires additional hardware to be attached to workers, 
increasing the cost and complexity of deployment (Li et al., 2022). Moreover, these systems often struggle to provide 
real-time feedback across large, dynamic environments, limiting their effectiveness. 

In contrast, stereo vision systems are non-intrusive and can be implemented without requiring workers to 
wear additional devices. Stereo cameras can be easily integrated into existing infrastructure, such as rear-view cameras 
on construction vehicles, allowing companies to deploy safety systems more efficiently (Murarka & Kuipers, 2009). 
Murarka and Kuipers (2009) highlighted the cost-effectiveness of stereo vision, noting that cameras are cheaper and 
more versatile than other sensor systems, such as laser scanners. 

Furthermore, stereo cameras provide rich, real-time data, making them well-suited for large construction sites 
where safety risks are constantly evolving. This scalability makes stereo vision a practical and accessible solution for 
improving worker safety across varied settings. 
 
Improvements with Deep Learning 
 
Recent advances in artificial intelligence (AI) and deep learning are rapidly improving the capabilities of computer 
vision systems. Unlike traditional approaches that involve writing custom algorithms, deep learning based systems 
can self learn by looking at example data. This technology is evolving very quickly and over time will make stereo 
vision systems more accurate and efficient. 

There has also been progress in speeding up hazard detection without overwhelming system resources. For 
example, Li et al. (2022) developed StereoVoxelNet, a real-time obstacle detection system based on occupancy voxels 
from a stereo camera using deep neural networks. StereoVoxelNet reduces computational overhead by filtering out 
unnecessary data and focusing computational resources on critical regions.  

In construction environments, where hazards frequently change, the ability to process data quickly is critical 
for ensuring worker safety. By leveraging deep learning models, stereo vision systems can more accurately identify 
risks in real-time, such as moving machinery or falling objects, and alert workers or operators before an accident 
occurs. The combination of stereo vision and AI has the potential to revolutionize hazard detection. 
 

Areas of Improvements of the Stereo-Vision Systems 
 
Privacy 
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Computer vision based systems work by constantly monitoring the environment through camera feed. However this 
can create ethical issues around worker privacy and might be misused for surveillance and data misuse (Budrionis et 
al., 2020). Employers must ensure that the implementation of stereo vision systems complies with data protection 
regulations and respects worker privacy. It might involve considerations such as obtaining consent from workers, 
transparently communicating the purpose of the monitoring, and implementing data security measures to prevent un-
authorized access. Additionally, workers should be educated on how the technology enhances their safety without 
infringing on their privacy rights. 
 
Environment Conditions 
 
One of the big limitations of stereo vision systems is the need for good visibility. Environmental conditions such as 
poor lighting, occlusions, or visual clutter can affect the performance of stereo systems, leading to inaccuracies in 
hazard detection (Wu et al., 2021). In low-textured environments or areas with little visual contrast, depth perception 
may be difficult to achieve, resulting in potential false positives or missed detections. 
 
Area Coverage 
 
Stereo vision systems are more effective at detecting hazards within short to medium distances. Ishimoto and Tsu-
bouchi (2013) noted that stereo cameras mounted on construction vehicles performed well at detecting obstacles 
within 6 meters but became less reliable at greater distances. This limitation is significant in larger sites where long-
range detection is critical. 
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Figure 2. 
 

Future Research 
 
Future research should focus on improving the robustness of stereo vision systems in varied environmental conditions. 
This includes developing algorithms that can handle low-light situations, high dynamic range scenes, and overcoming 
occlusions. Enhancing the ability to detect hazards at greater distances is also essential. Integrating stereo vision with 
other sensor technologies, such as LiDAR or infrared sensors, could provide more reliable hazard detection across 
diverse conditions (Khan et al., 2023). 

Moreover, the development of larger, more diverse datasets for training AI models could improve the per-
formance of stereo vision systems across a wider range of industrial settings (Li et al., 2022). Addressing these chal-
lenges will be crucial for maximizing the effectiveness of stereo vision technology in real-world applications. 
 

Conclusion 
 
Stereo vision offers a transformative approach to improving real-time hazard detection and worker safety on construc-
tion sites. Its ability to provide precise depth perception, automate hazard detection, and offer scalable, cost-effective 
solutions makes it a valuable tool for reducing workplace accidents. The integration of deep learning technologies 
further enhances the potential of stereo vision by increasing detection accuracy and reducing computational demands. 

However, challenges related to environmental sensitivity, limited detection range, and worker privacy con-
siderations remain. Future research aimed at overcoming these limitations could lead to wider adoption of stereo vision 
systems in the industry. By addressing both technical and ethical challenges, stereo vision technology has the potential 
to significantly reduce workplace accidents and enhance worker safety in hazardous environments. 
 

Acknowledgments 
 
I would like to thank my advisor for the valuable insight provided to me on this topic. 
 

References 
 

1. Fang, Q., Li, H., Luo, X., Ding, L., Luo, H., Rose, T. M., & An, W. (2018). Detecting non-hardhat-use by a 
deep learning method from far-field surveillance videos. Automation in Construction, 85, 1-9. 
https://doi.org/10.1016/j.autcon.2017.09.018 

2. Gong, J., & Caldas, C. H. (2010). Computer vision-based video interpretation model for automated 
productivity analysis of construction operations. Journal of Computing in Civil Engineering, 24(3), 252-
263. https://doi.org/10.1061/(ASCE)CP.1943-5487.0000027 

3. Kim, D., Liu, M., Lee, S., & Kamat, V. R. (2019). Remote proximity monitoring between mobile 
construction resources using camera-mounted UAVs. Automation in Construction, 99, 168-182. 
https://doi.org/10.1016/j.autcon.2018.12.014 

4. Park, M. W., Elsafty, N., & Zhu, Z. (2015). Hardhat-wearing detection for enhancing on-site safety of 
construction workers. Journal of Construction Engineering and Management, 141(9), 04015024. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000974 

5. Seo, J., Han, S., Lee, S., & Kim, H. (2015). Computer vision techniques for construction safety and health 
monitoring. Advanced Engineering Informatics, 29(2), 239-251. https://doi.org/10.1016/j.aei.2015.02.001 

Volume 14 Issue 1 (2025) 

ISSN: 2167-1907 www.JSR.org/hs 5



   
 

   
 

6. Teizer, J., & Vela, P. A. (2009). Personnel tracking on construction sites using video cameras. Advanced 
Engineering Informatics, 23(4), 452-462. https://doi.org/10.1016/j.aei.2009.06.011 

7. Budrionis, A., Zekarias, E., Lindseth, F., & Lundell, J. (2020). Smartphone-based computer vision 
travelling aids for blind and visually impaired individuals: A systematic review. Assistive Technology, 
33(4), 215-226. https://doi.org/10.1080/10400435.2020.1743381 

8. Ishimoto, H., & Tsubouchi, T. (2013). Stereo vision based worker detection system for excavator. In 
Proceedings of the 30th International Symposium on Automation and Robotics in Construction and Mining 
(ISARC) (pp. 273-278). https://doi.org/10.22260/ISARC2013/0037 

9. Khan, M., Yu, Y., Mao, Z., & Wang, Y. (2023). Risk factors and emerging technologies for preventing 
falls from heights at construction sites. Automation in Construction, 153, 104955. 
https://doi.org/10.1016/j.autcon.2023.104955 

10. Lee, D., Khan, N., & Park, C. (2020). Stereo vision-based hazardous area detection for construction 
workers’ safety. In Proceedings of the 37th International Symposium on Automation and Robotics in 
Construction (ISARC) (pp. 935-940). https://doi.org/10.22260/ISARC2020/0127 

11. Li, H., Zhang, Y., Chen, W., Wang, S., & Du, X. (2022). StereoVoxelNet: Real-time obstacle detection 
based on occupancy voxels from a stereo camera using deep neural networks. arXiv preprint 
arXiv:2209.08459. https://doi.org/10.48550/arXiv.2209.08459 

12. Murarka, A., & Kuipers, B. (2009). A stereo vision based mapping algorithm for detecting inclines, drop-
offs, and obstacles for safe local navigation. In 2009 IEEE/RSJ International Conference on Intelligent 
Robots and Systems (pp. 1143-1148). IEEE. https://doi.org/10.1109/IROS.2009.5354394 

13. Wu, H., Zhong, B., & Li, H. (2021). Combining computer vision with semantic reasoning for on-site safety 
management in construction. Journal of Building Engineering, 42, 103036. 
https://doi.org/10.1016/j.jobe.2021.103036 

14. Phillips, Zachary. "Construction Had the Most Fatalities of Any Industry Last Year." Construction Dive, 19 
Dec. 2023, www.constructiondive.com/news/construction-fatalities-2023-bls-falls-safety/702974/[4]. 

Volume 14 Issue 1 (2025) 

ISSN: 2167-1907 www.JSR.org/hs 6

https://doi.org/10.1016/j.jobe.2021.103036



