
IJDIM, 2026, 5 (3), 1078-1085 | 1078 Received: 21-07-2026 | Accepted: 29-08-2026 | Published: 05-09-2026 

International Journal of  

                  DATA SCIENCE AND IOT MANAGEMENT SYSTEM 
Peer Reviewed, Referred & Indexed Journal 

                                ISSN: 3068-272X                                   www.ijdim.com                                       Original Research Paper  

 

AI-Driven Multi-Model Railway Track Surveillance and Intelligent 

Hazard Recognition System for Real-Time Safety Monitoring 

1Ch.Sai Krishna, 2S.Naveen Kumar,3J.Someshwar,4Ch.Satya Durga,5 N.Sandeep, Mr.L.Bichu Naik* 

1,2,3,4,5 B. Tech Students, Department of  Electrical and Electronics Engineering, Samskruti College Of 

Engineering & Technology 

* Department of  Electrical and Electronics Engineering, Samskruti College Of Engineering & Technology 

*Email: sudhirkumarnaik9119@gmail.com  

ABSTRACT 

The rapid growth of railway transportation demands advanced monitoring systems to ensure 

passenger safety and uninterrupted train operations. This project presents an AI-Driven Multi-

Model Railway Track Surveillance and Intelligent Hazard Recognition System that utilizes 

multiple deep learning models for accurate and real-time detection of railway track defects 

and hazardous conditions. The proposed system integrates advanced computer vision 

techniques using models such as YOLOv8, EfficientNet, and ResNet to detect rail cracks, 

broken tracks, loose fasteners, obstacles, trespassers, vegetation intrusion, and track 

deformation from images and live video captured by track-mounted or drone-based cameras. 

The detected hazards are classified and their locations are recorded using GPS for precise 

identification. The processed information is transmitted to the railway control center through 

IoT communication, enabling instant alerts and rapid maintenance actions. A cloud-based 

dashboard allows continuous remote monitoring and analysis of railway infrastructure. The 

proposed multi-model architecture improves detection accuracy, minimizes false alarms, 

enhances operational reliability, and supports predictive maintenance. Overall, the system 

provides an intelligent, scalable, and cost-effective solution for improving railway safety, 

reducing accident risks, and enabling smart railway infrastructure management. 

Keywords: Railway Track Surveillance, Hazard Recognition, Artificial Intelligence (AI), 

Deep Learning, YOLOv8, EfficientNet, ResNet, Computer Vision, IoT, GPS, Predictive 

Maintenance, Railway Safety.

I.INTRODUCTION 

Railway transportation is one of the most 

economical and widely used modes of 

transportation for passengers and freight 

across the world. However, railway 

accidents caused by rail cracks, broken 

tracks, loose fasteners, obstacles, track 

deformation, and unauthorized trespassing 

continue to pose significant threats to public 

safety and railway operations. Conventional 

railway inspection methods mainly depend 

on manual inspections, which are time-

consuming, labor-intensive, expensive, and 

often incapable of detecting faults in real 

time. As railway networks continue to 

expand, there is an increasing demand for 

intelligent and automated railway 

monitoring systems capable of continuously 

inspecting railway infrastructure with high 

accuracy and reliability [1], [13]. 

Recent advancements in Artificial 

Intelligence (AI), Computer Vision, and 

Deep Learning have transformed automated 

inspection systems by enabling accurate 

detection and classification of complex 

visual defects. Convolutional Neural 

Networks (CNNs) and object detection 

algorithms such as YOLO have 

demonstrated remarkable performance in 

identifying railway track defects from 

images and videos under various 

environmental conditions. Multi-model deep 

learning architectures further improve 

detection accuracy by combining the 
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strengths of different neural network models 

for feature extraction and classification [2], 

[3], [4], [8]. 

Modern railway surveillance systems also 

benefit from the integration of Internet of 

Things (IoT) technology and cloud 

computing. IoT communication enables 

real-time transmission of detected hazards 

to centralized monitoring stations, while 

cloud platforms provide continuous data 

storage, visualization, and predictive 

maintenance capabilities. These 

technologies allow maintenance teams to 

receive instant alerts, monitor railway 

conditions remotely, and perform timely 

corrective actions before accidents occur 

[10], [11]. 

The proposed AI-Driven Multi-Model 

Railway Track Surveillance and Intelligent 

Hazard Recognition System integrates 

advanced deep learning models including 

YOLOv8, EfficientNet, and ResNet for 

detecting multiple railway hazards such as 

rail cracks, broken rails, loose fasteners, 

missing clips, vegetation intrusion, obstacles, 

and trespassers. Images captured using 

track-mounted cameras, inspection vehicles, 

or drones are processed in real time, and the 

detected hazards are classified accurately. 

GPS technology records the exact location 

of each defect, while IoT communication 

immediately sends alerts to railway control 

centers for rapid maintenance and 

emergency response [4], [5], [6]. 

Overall, the proposed intelligent 

surveillance system provides an efficient, 

reliable, and scalable solution for railway 

infrastructure monitoring. By combining 

artificial intelligence, deep learning, IoT 

communication, GPS tracking, and cloud-

based monitoring, the system enhances 

railway safety, reduces manual inspection 

efforts, minimizes maintenance costs, and 

supports the development of smart railway 

transportation systems [7], [10], [15]. 

II.LITERATURE SURVEY 

P. Wen, J. Li, and Z. Wang (2020): 

The authors presented a comprehensive 

survey on deep learning techniques for 

railway track inspection. Their study 

discussed CNN-based defect detection, 

automated image analysis, and the 

advantages of AI over conventional manual 

inspection methods. 

S. Chen, Y. Zhao, and X. He (2022): 

The authors developed an improved YOLO-

based railway surface defect detection 

system capable of identifying cracks and 

surface abnormalities in real time with high 

accuracy and faster processing speed. 

A. Kumar and R. Patel (2022): 

The authors proposed a CNN and transfer 

learning approach for railway crack 

detection. Their model significantly 

improved crack classification accuracy 

while reducing computational complexity. 

M. Hasan, L. Rahman, and T. Islam 

(2022): 

The researchers introduced a multi-model 

ensemble deep learning framework for 

railway fault detection. Their approach 

combined multiple neural networks to 

improve robustness, reduce false alarms, 

and enhance overall detection accuracy. 

D. Zhang, Y. Cai, and Y. Chen (2022): 

The authors focused on automatic railway 

fastener inspection using lightweight deep 

learning models suitable for edge computing 

devices, enabling efficient real-time railway 

monitoring. 

R. Singh and P. Sharma (2022): 

The authors proposed a real-time obstacle 

detection system using YOLO and edge 

computing. Their system successfully 

detected vehicles, humans, animals, and 

other obstacles on railway tracks with 

minimal latency. 

R. Szeliski (2022): 
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Szeliski explained advanced computer 

vision algorithms used for image processing, 

feature extraction, object recognition, and 

scene understanding, providing the 

theoretical foundation for intelligent railway 

surveillance. 

Ian Goodfellow, Yoshua Bengio, and 

Aaron Courville (2016): 

The authors discussed deep learning 

architectures, convolutional neural networks, 

optimization techniques, and representation 

learning that form the basis of modern AI-

based object detection systems. 

Raj Kamal (2017): 

Raj Kamal described IoT architecture, cloud 

communication, and sensor networks that 

enable remote railway monitoring and 

intelligent alert systems. 

Vijay Madisetti and Arshdeep Bahga 

(2014): 

The authors explained practical IoT 

implementation techniques, cloud 

integration, wireless communication, and 

embedded monitoring systems suitable for 

smart railway applications. 

III.EXISTING SYSTEM 

Existing railway track inspection systems 

primarily rely on manual inspection by 

maintenance personnel or basic image-

processing techniques to identify defects 

and hazardous conditions. These traditional 

methods are labor-intensive, time-

consuming, and unable to provide 

continuous monitoring over long railway 

networks. Although some automated 

systems utilize single deep learning models 

for detecting rail cracks or obstacles, they 

often struggle to identify multiple types of 

hazards simultaneously and may produce 

false detections under varying lighting and 

weather conditions. Furthermore, many 

existing solutions lack real-time IoT 

communication, cloud-based monitoring, 

GPS-enabled hazard localization, and 

instant alert mechanisms for railway 

authorities. As a result, defect detection is 

often delayed, increasing the risk of 

accidents, service interruptions, and higher 

maintenance costs. These limitations 

highlight the need for an intelligent, AI-

driven surveillance system capable of 

accurately recognizing multiple railway 

hazards in real time while providing 

automated notifications and remote 

monitoring. 

IV.PROPOSED SYSTEM 

The proposed AI-Driven Multi-Model 

Railway Track Surveillance and Intelligent 

Hazard Recognition System is an advanced 

railway safety solution designed to provide 

continuous, real-time monitoring of railway 

infrastructure using Artificial Intelligence, 

Computer Vision, Deep Learning, GPS, and 

IoT technologies. The system captures high-

resolution images and live video through 

cameras mounted on inspection trolleys, 

drones, or railway locomotives. The 

captured data is processed using a multi-

model AI framework that combines 

YOLOv8 for object detection, EfficientNet 

for feature extraction, and ResNet for 

accurate hazard classification. The system is 

capable of detecting rail cracks, broken 

tracks, loose fasteners, missing clips, 

vegetation intrusion, obstacles, trespassers, 

and track deformation with high accuracy. 

Once a hazard is identified, its geographical 

location is recorded using GPS, and instant 

notifications are transmitted to railway 

authorities through an IoT communication 

network. A cloud-based dashboard enables 

continuous remote monitoring, data storage, 

visualization, and predictive maintenance 

analysis. By integrating multiple AI models 

with IoT connectivity and intelligent alert 

mechanisms, the proposed system 

significantly improves railway safety, 

minimizes manual inspection efforts, 

reduces false alarms, lowers maintenance 

costs, and supports the development of 

smart and autonomous railway 

infrastructure. 

V.BLOCK DIAGRAM 
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The block diagram of the AI-Driven Multi-

Model Railway Track Surveillance and 

Hazard Recognition System illustrates the 

complete architecture and operational 

workflow of the proposed intelligent 

railway safety system. The system is 

designed to perform continuous monitoring 

of railway tracks, automatically detect 

multiple types of hazards using Artificial 

Intelligence (AI), and provide real-time 

alerts to railway authorities for immediate 

maintenance and accident prevention. The 

architecture consists of seven major 

functional modules: Data Acquisition 

Module, Preprocessing Module, AI Multi-

Model Processing Module, Output and Alert 

Module, Cloud and Monitoring Module, 

Control and Maintenance Module, and Field 

Action Module. These modules work 

together to provide an efficient, accurate, 

and intelligent railway surveillance solution. 

The process begins with the Data 

Acquisition Module, which is responsible 

for collecting real-time information from the 

railway environment. High-resolution 

cameras mounted on inspection trolleys, 

railway locomotives, or unmanned aerial 

vehicles (drones) continuously capture 

images and videos of railway tracks. These 

cameras monitor long railway routes and 

record visual information related to rail 

conditions. In addition to cameras, the 

system utilizes environmental sensors to 

measure parameters such as temperature, 

vibration, smoke, and surrounding 

environmental conditions that may affect 

railway infrastructure. A GPS module is 

also incorporated to continuously record the 

geographical location of detected defects or 

hazards. These input devices provide 

comprehensive information required for 

accurate hazard detection and localization. 

After data collection, the captured images 

and videos are transferred to the 

Preprocessing Module. The quality of raw 

images may be affected by lighting 

variations, noise, weather conditions, dust, 

shadows, or motion blur. Therefore, 

preprocessing is performed to improve 

image quality before analysis. Initially, 

unwanted noise is removed using filtering 

techniques. Image enhancement methods 

such as brightness adjustment and contrast 

improvement are then applied to make 

railway defects more visible. The images 

are resized to match the input dimensions 

required by deep learning models, and 

continuous video streams are divided into 

individual frames for efficient processing. 

This preprocessing stage improves feature 

visibility, reduces computational complexity, 

and significantly enhances the overall 

detection accuracy of the AI models. 

The preprocessed data is then forwarded to 

the AI Multi-Model Processing Module, 

which serves as the core component of the 

proposed system. Instead of relying on a 

single neural network, the system integrates 

multiple deep learning models to improve 

reliability and accuracy. The YOLOv8 (You 

Only Look Once Version 8) model performs 

high-speed object detection by identifying 

railway hazards such as rail cracks, broken 

rails, loose fasteners, missing clips, 

obstacles, trespassers, animals, and 

vegetation growing on the tracks. 

Simultaneously, EfficientNet performs deep 

feature extraction by learning complex 

visual characteristics from the captured 

railway images while maintaining 

computational efficiency. Finally, ResNet 

(Residual Network) performs detailed 

classification of the detected objects and 

determines the exact category of each 

hazard, such as cracked rail, rail breakage, 

track deformation, loose fastening, or 

foreign object intrusion. The outputs 

generated by these models are combined 

through a Feature Fusion and Decision-

Making process, which merges the strengths 

of each neural network and significantly 

reduces false alarms while improving 

classification accuracy. Based on the fused 

information, the system performs final 

Hazard Recognition and Classification, 

producing highly reliable inspection results. 

Once a hazard has been identified, the 

system enters the Output and Alert Module. 

The first operation performed is Hazard 

Alert Generation, where the detected fault is 
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categorized according to its severity. The 

GPS coordinates of the affected railway 

section are attached to the detected hazard, 

allowing maintenance personnel to precisely 

locate the defect. The information is then 

transmitted using IoT communication 

technologies such as Wi-Fi, GSM, or 4G 

networks to the railway control center. 

Immediate notifications are generated and 

delivered to railway authorities whenever 

dangerous conditions such as rail fractures, 

obstacles, or unauthorized persons on the 

tracks are detected. This rapid 

communication enables immediate response 

and significantly reduces accident risks. 

The detected information is simultaneously 

transmitted to the Cloud and Monitoring 

Module, where all inspection data is 

securely stored for future analysis. The 

cloud server maintains a centralized 

database containing railway inspection 

records, detected hazards, GPS locations, 

images, maintenance history, and system 

performance information. Authorized users 

can access this information through a Web 

Dashboard or Mobile Application, which 

displays real-time railway monitoring 

information using graphical interfaces. 

Maintenance engineers and railway 

administrators can remotely monitor railway 

conditions, review previous inspection 

reports, analyze trends, and receive instant 

notifications from any location through 

internet connectivity. This cloud-based 

architecture supports continuous monitoring 

and facilitates data-driven maintenance 

planning. 

The processed information is further utilized 

by the Control and Maintenance Module, 

which assists railway authorities in planning 

maintenance activities. The system 

automatically schedules maintenance tasks 

based on the severity and location of 

detected hazards. It also generates detailed 

fault analysis reports containing defect type, 

confidence level, captured images, GPS 

coordinates, detection time, and 

recommended corrective actions. Using 

historical inspection data and cloud 

analytics, the system supports predictive 

maintenance, enabling railway authorities to 

identify sections that are likely to develop 

faults in the future before serious failures 

occur. This significantly reduces 

maintenance costs, improves resource 

utilization, and increases the operational 

reliability of railway infrastructure. 

Finally, the information reaches the Field 

Action Module, where maintenance teams 

receive real-time alerts through mobile 

devices or centralized monitoring systems. 

The exact GPS location of the detected 

hazard allows maintenance personnel to 

quickly reach the affected railway section 

and perform immediate corrective actions 

such as repairing rail cracks, replacing 

damaged fasteners, removing obstacles, or 

restoring damaged track components. Rapid 

field response minimizes service 

interruptions, prevents accidents, and 

improves passenger safety. 

Overall, the proposed AI-Driven Multi-

Model Railway Track Surveillance and 

Hazard Recognition System integrates 

advanced computer vision, deep learning, 

IoT communication, cloud computing, GPS 

technology, and predictive maintenance into 

a unified intelligent platform. The system 

continuously monitors railway infrastructure, 

accurately detects multiple categories of 

hazards in real time, automatically generates 

alerts, supports remote monitoring, and 

assists maintenance teams in making 

informed decisions. Compared with 

conventional manual inspection methods, 

the proposed system offers significantly 

higher detection accuracy, faster response 

time, improved operational efficiency, 

reduced maintenance costs, enhanced 

passenger safety, and increased reliability of 

railway transportation. It provides an 

effective foundation for the development of 

next-generation smart railway infrastructure 

and intelligent transportation systems. 
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Fig 5.1 Block Diagram 

 

VI.IMPLEMENTATION 

 

 
Fig. 6.1: Railway Track Inspection Trolley 

Hardware Setup 

 
 

Fig. 6.2: Railway Track Image and Video 

Data Acquisition 

 

 
Fig. 6.3:·  AI Multi-Model Processing 

Architecture (YOLOv8, EfficientNet, and 

ResNet)  

 

 
Fig. 6.4: Detected Railway Hazards with 

Bounding Box Classification 

 

Fig. 6.5: Cloud-Based Railway Surveillance 

Dashboard for Real-Time Monitoring 

 
Fig. 6.6:Mobile Application Showing 

Hazard Alerts and GPS Track Location 

VII.CONCLUSION 

The AI-Driven Multi-Model Railway Track 

Surveillance and Intelligent Hazard 

Recognition System successfully 

demonstrates an advanced and reliable 

solution for improving railway safety 

through intelligent automation and real-time 

monitoring. The proposed system integrates 

multiple deep learning models, namely 

YOLOv8, EfficientNet, and ResNet, to 

accurately detect and classify a wide range 
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of railway track hazards, including rail 

cracks, broken tracks, loose fasteners, track 

deformation, obstacles, vegetation intrusion, 

and unauthorized trespassers. By utilizing 

high-resolution cameras, computer vision 

techniques, GPS location tracking, and IoT 

communication, the system continuously 

monitors railway infrastructure and instantly 

transmits hazard information to the railway 

control center for rapid maintenance and 

emergency response. The cloud-based 

monitoring dashboard and mobile 

application enable railway authorities to 

remotely supervise track conditions, receive 

real-time alerts, and analyze inspection data 

for predictive maintenance. Compared with 

conventional manual inspection methods, 

the proposed system offers higher detection 

accuracy, faster response time, reduced 

human intervention, lower maintenance 

costs, and improved operational efficiency. 

Overall, the developed system provides a 

cost-effective, scalable, and intelligent 

solution for modern railway infrastructure, 

significantly enhancing passenger safety, 

minimizing accident risks, and supporting 

the development of smart, connected, and 

autonomous railway transportation systems. 

VIII.FUTURE SCOPE 

The AI-Driven Multi-Model Railway Track 

Surveillance and Intelligent Hazard 

Recognition System can be further 

enhanced by incorporating emerging 

technologies to improve detection accuracy, 

operational efficiency, and railway safety. In 

the future, advanced Artificial Intelligence 

(AI) and Machine Learning (ML) 

algorithms can be employed to predict track 

failures, estimate the remaining useful life 

of railway components, and support 

predictive maintenance using historical 

inspection data. The system can be 

integrated with high-resolution thermal 

cameras, LiDAR sensors, and hyperspectral 

imaging to detect internal rail defects and 

structural abnormalities that may not be 

visible in standard images. Edge AI devices 

can be deployed directly on inspection 

trolleys, locomotives, or drones to perform 

real-time hazard detection without relying 

on continuous cloud connectivity, thereby 

reducing response time. The integration of 

5G communication, Vehicle-to-

Infrastructure (V2I), and Internet of Things 

(IoT) technologies can enable faster data 

transmission, seamless connectivity, and 

intelligent coordination between trains, 

control centers, and maintenance teams. 

Additional features such as automated 

drone-based inspections, autonomous 

maintenance robots, digital twin technology, 

and GIS-based railway asset management 

can further improve infrastructure 

monitoring and maintenance planning. 

Cloud-based analytics and big data 

processing can also be utilized to identify 

long-term deterioration patterns, optimize 

maintenance schedules, and reduce 

operational costs. These future 

enhancements will transform the proposed 

system into a fully autonomous and 

intelligent railway surveillance platform, 

contributing to safer railway operations, 

improved infrastructure reliability, reduced 

accident rates, and the advancement of next-

generation smart railway transportation 

systems. 
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