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Introduction
In recent years, urban transportation systems have become a focal point 

for addressing various challenges, ranging from congestion to environmental 
impact. Among these systems, subways are crucial for millions of daily 
commuters, providing an efficient and sustainable means of public transport. 
However, as these systems operate in confined, underground spaces, 
they present a unique set of challenges regarding the health and safety of 
passengers and workers. One of the critical concerns is the micro environmental 
health risks posed by factors such as poor air quality, overcrowding, and 
inadequate ventilation, which can significantly affect both physical and 
mental well-being. In light of these issues, urban subway systems must adopt 
innovative approaches to improve safety, health, and overall efficiency. This 
has prompted the exploration of intelligent systems that integrate advanced 
technologies like Building Information Modeling (BIM) and Virtual Reality (VR) 
for comprehensive management of these risks [1].

Description
Building Information Modeling (BIM) is a digital tool used in architecture, 

engineering, and construction to create accurate, detailed 3D models of 
infrastructure projects. When applied to subway systems, BIM offers an 
invaluable platform for understanding the spatial dimensions, structural 
components, and environmental factors within the subway environment. By 
integrating real-time data and system simulations, BIM enables planners and 
engineers to assess micro Environmental conditions and develop tailored 
solutions for improving air quality, reducing noise levels, and enhancing 
passenger flow. On the other hand, Virtual Reality (VR) technology allows for 
immersive, interactive simulations of subway environments, enabling users 
to visualize potential health hazards in real-time and test proposed mitigation 
strategies in a risk-free setting. The integration of these two technologies 
represents a forward-thinking solution that can transform the management 
of urban subway micro Environmental health risks. This paper explores the 
role of intelligent systems combining BIM and VR, highlighting their potential 
to revolutionize how health risks are managed in subway systems. It also 
investigates the key benefits, challenges, and future implications of this 
integration in the context of urban transportation systems [2].

The integration of BIM and VR offers an unprecedented opportunity 
to manage and mitigate the health risks associated with urban subway 
environments. These technologies enable urban planners and engineers 
to create accurate digital representations of subway systems, which can be 
used to simulate a variety of conditions and predict the effects of different 
environmental factors on passenger health. One of the primary health risks in 
subway systems is air quality, which can be compromised due to inadequate 
ventilation and the accumulation of pollutants like carbon monoxide, particulate 

matter, and volatile organic compounds. Through BIM, engineers can design 
more effective ventilation systems, simulate airflow patterns, and test the 
impact of these interventions on air quality. VR simulations allow stakeholders 
to experience these designs in an immersive environment, offering a deeper 
understanding of the potential outcomes before any physical changes are 
made to the infrastructure [3].

Another critical area where BIM and VR integration proves beneficial is 
in managing overcrowding and passenger flow. Overcrowding in subways not 
only leads to discomfort but can also exacerbate stress, contribute to the spread 
of infectious diseases, and increase the likelihood of accidents. By utilizing 
BIM models, planners can visualize station layouts, track utilization, and train 
schedules to optimize passenger flow. Moreover, VR simulations can be used 
to assess how different crowding scenarios may affect health outcomes, such 
as stress levels or the spread of airborne pathogens. These insights enable 
decision-makers to implement more effective crowd control strategies and 
design station spaces that facilitate better circulation, thereby reducing the 
negative health impacts of overcrowding. Noise pollution is another significant 
issue in urban subway systems, with prolonged exposure to high noise levels 
leading to hearing loss, stress, and cardiovascular problems. BIM allows for 
the modeling of soundproofing materials, track designs, and train acoustics, 
while VR provides a platform for testing different noise reduction strategies in 
a virtual environment. By integrating these technologies, it becomes possible 
to design subway systems that minimize noise pollution, improving the overall 
health and comfort of passengers [4].

In addition to these tangible benefits, the integration of BIM and VR also 
provides a platform for continuous monitoring and management of health risks. 
Real-time data collection from sensors embedded in subway infrastructure can 
be fed into BIM models, allowing for dynamic analysis and decision-making. 
For instance, sensors that monitor air quality, temperature, and humidity levels 
can alert authorities to potential hazards, prompting timely interventions. VR 
can also be used for ongoing training and education for subway staff, equipping 
them with the knowledge to respond to health risks effectively [5].

Conclusion
In conclusion, the integration of intelligent systems, particularly BIM and 

VR, offers a promising solution to managing the micro Environmental health 
risks within urban subway systems. By leveraging the power of digital modeling 
and immersive simulations, urban planners and engineers can develop 
more effective strategies for improving air quality, managing overcrowding, 
reducing noise pollution, and enhancing overall passenger health. These 
technologies not only enable a more accurate understanding of the complex 
factors affecting subway environments but also provide a platform for testing 
and refining solutions in a risk-free, virtual space. While challenges such as 
high implementation costs, technical complexities, and data security concerns 
remain, the potential benefits far outweigh the drawbacks. As cities around 
the world continue to expand and urban populations grow, the adoption of 
intelligent systems that integrate BIM and VR will become increasingly essential 
for creating safer, healthier, and more efficient urban transportation systems. 
In the future, this innovative approach could serve as a model for other critical 
infrastructure sectors, from hospitals to airports, where micro Environmental 
health risks are a significant concern. Therefore, the integration of BIM and 
VR is not just a technological advancement but a crucial step towards the 
sustainable and human-centric urban environments of tomorrow.
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