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Abstract: Passenger congestion in railway coaches is becoming increasingly frequent due to 
rising urban populations and heavy reliance on rail transportation, especially during peak 
hours. High crowd density affects passenger comfort and also creates safety risks such as 
limited mobility, delayed emergency evacuation, and operational inefficiencies. Modern 
monitoring systems often rely only on camera-based counting or manual supervision. However, 
these approaches are sensitive to lighting changes, visual blockage, and network delays, 
making them less reliable in real-time coach environments. Another major challenge is 

maintaining consistent occupancy assessment when passenger movement, occlusion, and 
environmental variations occur simultaneously. Traditional single-sensor solutions are too 
limited to provide stable and trustworthy crowd condition evaluation. This paper presents an 
onboard crowd and passenger occupancy detection system that integrates visual sensing with 
multiple non-visual physical sensors and environmental monitoring. The system uses embedded 
processing and multi-sensor data fusion to analyze passenger presence and determine 
qualitative crowd states in real time. By combining camera analysis with hardware sensor 
validation, the system improves detection robustness under dynamic and low-visibility 

conditions. All processing and decision making are performed locally on the embedded unit, 
enabling continuous operation without dependence on remote servers. The system also 
generates immediate visual and audio alerts inside the coach to support operational awareness 
and safety response. 

 

Keywords: Crowd Detection, Passenger Occupancy Monitoring, Multi-Sensor Fusion, 
Embedded Processing, Railway Coach Safety, Real-Time Crowd Analysis, Smart Transportation 
Systems. 

 

I.INTRODUCTION 

Railway transportation systems are widely used for daily travel, and passenger congestion inside train coaches has 

become common, especially during peak hours. High crowd density affects passenger comfort and can also create safety 

risks such as restricted movement and delayed emergency response. Because of this, real-time passenger occupancy and 

crowd condition monitoring has become an important requirement in modern railway operations. Traditional occupancy 

monitoring methods mainly rely on manual checking or camera- only software systems. These approaches often face 

difficulties in dynamic coach environments due to lighting variation, visual obstruction, and continuous passenger 

movement. As a result, their accuracy and reliability are limited. 
 

A. Smart Crowd Monitoring Systems and Challenges 

Fig. 1. Embedded Multi-Sensor Crowd Detection System for Railway Coaches 
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Modern onboard monitoring systems aim to use intelligent sensing and embedded processing to improve crowd 

detection inside railway coaches. However, varying environmental conditions, dense passenger presence, and sensor 

limitations make accurate occupancy assessment challenging. Systems based on a single sensing method usually provide 

inconsistent results, which creates the need for integrated multi-sensor and onboard processing approaches for dependable 

crowd state detection. 

 

II.LITERATURE SURVEY 

Significant research has been conducted in the area of automated passenger counting and crowd monitoring for 

smart transportation systems. With the advancement of artificial intelligence, computer vision–based approaches are widely 
used to detect and estimate crowd density from camera feeds. Researchers such as Zhang et al. have studied deep learning–

based crowd detection models that improve counting accuracy in dense scenes. Similarly, Li et al. proposed convolutional 

neural network methods for real-time people counting in surveillance environments. In addition to vision- based methods, 

Chen et al. and Wang et al. explored the use of non-visual sensors such as infrared, ultrasonic, and pressure sensors for human 

presence detection. These methods improve robustness under poor lighting and partial occlusion conditions. Recent studies 

focus on combining visual and physical sensors through multi-sensor fusion and edge processing to increase reliability. 

However, many existing systems still face challenges in adaptability and consistent performance in highly dynamic and 

crowded railway coach environments. 

 

III.PROPOSED SYSTEM AND METHODOLOGY 

The proposed system is designed as an onboard, multi-sensor, embedded architecture that enables real-time crowd 
and passenger occupancy detection inside railway coaches. The framework integrates visual sensing, non-visual physical 

sensors, and environmental monitoring with embedded processing and decision logic. The system is organized into the 

following major modules: Sensor Data Acquisition, Data Preprocessing and Validation, Multi-Sensor Feature Extraction, 

Embedded Crowd State Decision Module, and Alert and Indication Unit. 

Fig. 2. Proposed Multi-Sensor Onboard Crowd Detection and Occupancy Analysis Methodology 
 

A. Data Acquisition 

Passenger-related data is collected using multiple onboard sensing elements. A wide-angle camera captures interior 

coach images for visual crowd observation. In parallel, non-visual sensors such as infrared/presence sensors, ultrasonic 

distance sensors, and pressure sensors detect human presence and movement using physical parameters. Environmental 

sensors measure lighting conditions to support sensing reliability assessment. All sensor signals are continuously fed to the 

embedded processing unit. 

 

B. Data Preprocessing 

The acquired sensor data is preprocessed at the embedded level to improve reliability. Image inputs are resized and 

filtered for noise and illumination variation, while physical sensor signals are cleaned and threshold-adjusted. Basic 
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normalization and signal smoothing techniques are applied so that variations due to environment and sensor noise are reduced 

before analysis. 

 

C. Feature Extraction 

Relevant features are derived from both visual and physical inputs. Visual features include passenger region density, 

motion presence, and occupancy patterns from image frames. Physical sensor features include proximity triggers, distance 

variation, and load changes. Environmental features such as light level are also considered to estimate visual confidence. 
Feature selection logic reduces redundant inputs and keeps only decision-relevant parameters. 

 

D. Embedded Decision Module 

An embedded decision module performs multi- sensor fusion and rule-based intelligent evaluation to determine the 

current crowd condition. Visual analysis results are correlated with physical sensor outputs to validate passenger presence. 

When visual reliability is reduced due to occlusion or low lighting, higher weight is given to physical sensor signals. Based 

on fused inputs, the module classifies the coach condition into predefined crowd states such as safe, moderate, overcrowded, 

or critical. 

 

E. Alert and Actuation Module 

 After crowd state determination, the system activates onboard output units to generate immediate indications. LED 

indicators and buzzer alerts are triggered according to the detected occupancy state. All processing, validation, decision-
making, and alert generation are performed locally on the embedded unit, enabling continuous autonomous operation without 

dependence on external servers. 

Fig. 3. System Architecture of the Onboard Multi-Sensor Crowd and Passenger Occupancy Detection System 
 

 

IV.RESULTS AND DISCUSSION 

The performance of the proposed onboard multi- sensor crowd and passenger occupancy detection system was 

evaluated through controlled experimental testing in a railway coach–like environment under varying crowd densities and 

lighting conditions. The test scenarios were designed to reflect real operating situations, including low, moderate, and high 

passenger density, passenger movement, partial visual obstruction, and illumination variation. Multiple performance factors 

such as detection accuracy, response time, sensor agreement rate, and alert reliability were analyzed. The experimental results 

show that the proposed multi-sensor approach performs more consistently than single camera– based methods. By correlating 

visual analysis with physical sensor signals, the system maintains reliable occupancy state detection even when camera 

visibility is reduced due to occlusion or poor lighting. The embedded processing unit was able to classify crowd conditions 

in real time and trigger appropriate alerts with low delay. The sensor fusion logic reduced false detection and improved 

confidence in overcrowding identification. Overall, the system demonstrated stable and accurate crowd state classification 
across different operating conditions, supporting its suitability for real-time onboard railway coach monitoring. 

 

V.CONCLUSION 

 This paper presented an onboard multi-sensor crowd and passenger occupancy detection system for railway coaches 

that integrates visual sensing, non- visual physical sensors, environmental monitoring, and embedded processing. By 

combining camera analysis with hardware sensor validation and multi- sensor fusion logic, the proposed system provides 

reliable real-time crowd state classification under varying lighting, movement, and occlusion conditions. The embedded 

edge-based processing approach enables continuous operation without dependence on external servers and supports 

immediate onboard alerts for safety awareness. Experimental evaluation indicates that the integrated sensing and decision 

framework improves detection consistency and reduces false occupancy estimation compared to single-sensor approaches. 
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The proposed system is suitable for smart railway and public transport monitoring applications. Future enhancements may 

include advanced deep learning models, adaptive sensor weighting, predictive crowd analytics, and large-scale field 

deployment for further performance validation. 

 

References 
1. C. Zhang, H. Li, X. Wang, and X. Yang, “Cross-scene crowd counting via deep convolutional neural networks,” Proc. IEEE Conf. 

Computer Vision and Pattern Recognition (CVPR), 2015. 
2. Y. Li, X. Zhang, and D. Chen, “CSRNet: Dilated convolutional neural networks for understanding highly congested scenes,” Proc. 

IEEE Conf. Computer Vision and Pattern Recognition (CVPR), 2018. 
3. V. A. Sindagi and V. M. Patel, “A survey of recent advances in CNN-based single image crowd counting and density estimation,” 

Pattern Recognition Letters, vol. 107, pp. 3–16, 2018. 
4. S. Ren, K. He, R. Girshick, and J. Sun, “Faster R-CNN: Towards real-time object detection with region proposal networks,” IEEE 

Transactions on Pattern Analysis and Machine Intelligence, vol. 39, no. 6, pp. 1137–1149, 2017. 
5. J. Redmon and A. Farhadi, “YOLOv3: An incremental improvement,” arXiv preprint arXiv: 1804.02767, 2018. 
6. N. Dalal and B. Triggs, “Histograms of oriented gradients for human detection,” Proc. IEEE Conf. Computer Vision and Pattern 

Recognition (CVPR), 2005. 
7. H. Idrees, I. Saleemi, C. Seibert, and M. Shah, “Multi-source multi-scale counting in extremely dense crowd images,” Proc. IEEE 

Conf. Computer Vision and Pattern Recognition (CVPR), 2013. 
8. S. Chen, D. Zhang, and L. O’Neill, “Sensor fusion for people counting using video and infrared sensors,” IEEE Sensors Journal, vol. 

12, no. 5, pp. 1626–1635, 2012. 

9. A. Alahi, V. Ramanathan, and L. Fei-Fei, “Social LSTM: Human trajectory prediction in crowded spaces,” Proc. IEEE Conf. 
Computer Vision and Pattern Recognition (CVPR), 2016. 

10. W. Shi et al., “Edge computing: Vision and challenges,” IEEE Internet of Things Journal, vol. 3, no. 5, pp. 637–646, 2016. 
11. M. Satyanarayanan, “The emergence of edge computing,” Computer, vol. 50, no. 1, pp. 30–39, 2017. 

 

http://www.fdrpjournals.org/ijire

	An Onboard Multi-Sensor Fusion System for Real-Time Passenger Occupancy and Crowd State Detection in Railway Coaches
	II.LITERATURE SURVEY
	III.PROPOSED SYSTEM AND METHODOLOGY
	A. Data Acquisition
	B. Data Preprocessing
	C. Feature Extraction
	D. Embedded Decision Module
	E. Alert and Actuation Module

	IV.RESULTS AND DISCUSSION
	V.CONCLUSION
	References

