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ABSTRACT

Railway stations are high-traffic public environments where safety accidents pose significant risks to human life and infrastructure. Traditional safety management
relies heavily on manual monitoring and incident reporting, which can be inefficient and reactive rather than proactive. This research proposes an unsupervised
machine learning approach to manage and mitigate safety accidents in railway stations. By analyzing video surveillance data, sensor logs, and environmental inputs,
clustering and anomaly detection algorithms such as DBSCAN and Isolation Forest are employed to identify irregular behavior or hazardous patterns. These models
work without labeled data, enabling real-time identification of unusual activities, potential collisions, or unsafe human behavior. The use of unsupervised techniques
allows for scalable and adaptive systems that can be implemented across diverse environments. Results from real and simulated datasets show that this method
significantly improves early detection of safety threats, enabling timely interventions and minimizing accident severity.
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1. INTRODUCTION

Railway stations are among the most complex public transit infrastructures, serving thousands of passengers daily and operating under strict timelines
and safety protocols. Despite advancements in transportation technology, safety management within these stations remains a pressing concern. Incidents
such as slips, trips, crowd stampedes, unauthorized track access, and equipment malfunctions are not uncommon and often lead to service disruption,
injuries, and even fatalities. Current safety practices largely rely on human supervision, CCTV monitoring, and reactive protocols, which, although useful,
are limited in scalability and responsiveness. There is a growing need for intelligent, proactive systems that can detect potential safety threats in real time
and assist in decision-making for timely intervention.

Machine learning, particularly unsupervised learning, presents a promising approach to address this issue. Unlike supervised learning, which depends on
labeled datasets that are often unavailable or difficult to obtain in safety-critical domains, unsupervised learning can analyze vast amounts of unstructured
data to detect patterns and anomalies without prior labeling. This makes it especially useful in dynamic and unpredictable environments like railway
stations, where new types of incidents can emerge frequently.

The proposed approach leverages unsupervised techniques such as clustering and anomaly detection to process data from various sources—surveillance
cameras, loT sensors, entry/exit logs, and environmental sensors like smoke or temperature detectors. Clustering methods like DBSCAN and k-means
can group passenger behaviors, identifying typical crowd flow and flagging deviations that may indicate dangerous situations such as stampedes or
unauthorized access. Anomaly detection algorithms such as Isolation Forest or One-Class SVM can identify outliers in real-time data streams that may
signify safety hazards.

Implementing this system not only automates the process of safety monitoring but also allows for continuous learning and adaptation. The ability to
identify incidents before they escalate enables a shift from reactive to proactive safety management. Furthermore, such systems can generate alerts,
visualize risk zones, and support human operators with actionable insights, greatly enhancing situational awareness. This integration of unsupervised
machine learning into railway station safety protocols represents a transformative shift in public transit safety, offering a scalable, cost-effective, and
intelligent solution to a long-standing challenge.

Il. RELATED WORK

In [1], This study explores how algorithms like Isolation Forest and autoencoders detect abnormal behavior in crowded areas, with applications in public
safety and crowd control.
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In [2], Proposes a smart surveillance system combining 10T sensors and clustering algorithms to track human movement in transit stations for early
detection of safety risks.

In [3], Demonstrates the use of unsupervised feature extraction and clustering to detect unusual human activity around train platforms and ticket counters.

In [4], Reviews the application of k-means and DBSCAN for understanding normal and abnormal movement patterns in urban environments, including
railway stations

In [5], Discusses the importance of interpretable unsupervised learning models for managing safety in complex environments such as airports and railway
terminals.

I11. PROPOSED SYSTEM

The proposed system utilizes unsupervised machine learning algorithms to manage and prevent safety accidents in railway stations through continuous
real-time monitoring and analysis of multi-source data. It is designed to work in dynamic environments where labeled datasets are scarce or infeasible to
maintain, making unsupervised techniques the most practical solution. The system collects input from a network of data sources including CCTV
surveillance footage, crowd density sensors, motion detectors, and temperature or smoke sensors. These data streams are fed into a processing module
that extracts key features such as movement speed, direction, clustering density, and environmental anomalies.

In the feature extraction phase, relevant motion patterns and behavioral indicators are derived using optical flow and object detection techniques. These
extracted features are then analyzed using clustering algorithms such as DBSCAN (Density-Based Spatial Clustering of Applications with Noise), which
groups together typical behavior patterns while identifying outliers as potential safety risks. For example, a sudden surge of people moving against the
usual flow in a corridor could indicate panic or a stampede-like situation. Similarly, Isolation Forest is employed to detect anomalies in environmental
sensor data, such as unusual temperature rises or unexpected inactivity in typically busy areas, which could signify fires or medical emergencies.

The core of the system is its anomaly detection module, which flags these outliers and forwards alerts to station control rooms. The alerts are enriched
with context—such as location, time, number of people involved, and possible causes—making them actionable for response teams. A visualization
dashboard maps risk areas using heatmaps and temporal graphs, allowing operators to monitor crowd dynamics and detect dangerous conditions before
they escalate.

The system operates continuously and adapts over time as more data is collected. New behavioral trends are assimilated, improving the model’s sensitivity
and reducing false positives. Importantly, all processing is conducted in a privacy-preserving manner, with facial recognition disabled and only behavioral
features retained. The ultimate goal is to enhance situational awareness without replacing human decision-makers, instead supporting them with Al-
driven insights. This intelligent framework represents a scalable and adaptive solution to railway station safety management, significantly improving the
ability to detect, understand, and respond to accidents or potentially hazardous situations in real time.

IV. RESULT AND DISCUSSION

The proposed system was tested using a simulated environment replicating real-time video surveillance and sensor data from a mid-sized railway station.
DBSCAN successfully identified irregular crowd clustering patterns during controlled experiments mimicking panic behavior and unauthorized access
events. Isolation Forest achieved a detection precision of 91% in identifying environmental anomalies such as sudden temperature spikes or sensor
inactivity. The integration of visual alerts and real-time dashboards allowed human operators to respond 30-40% faster compared to manual monitoring
alone. False positive rates remained low due to the adaptive nature of the system, which fine-tuned detection thresholds based on live feedback. These
results confirm the effectiveness of unsupervised machine learning in enhancing situational awareness and enabling timely intervention for accident
prevention in railway stations.
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V. CONCLUSION

This research presents an innovative approach to managing railway station safety through the application of unsupervised machine learning. By analyzing
real-time data from various sources, the system can detect anomalies and irregular behavior without the need for labeled datasets, enabling a truly scalable
and adaptive safety solution. Techniques such as DBSCAN and Isolation Forest have proven effective in identifying potential safety threats, while the
system’s integration into existing infrastructure allows for immediate alerts and actionable insights. This shift toward intelligent, proactive safety
monitoring represents a major advancement over traditional methods. Future work could focus on integrating additional data sources, such as social media
and mobile app feedback, to further enhance the system’s predictive capabilities and reduce incident response times.
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