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Abstract :  Rapid advances in Internet of Things (IoT) technologies have opened new avenues for enhancing railway safety and 

operational intelligence. This paper presents an IoT-Enabled Smart Surveillance Model for Railway Track Anomalies and Passenger 

Protection, designed to address the perennial challenges of real-time track monitoring and obstacle detection. The proposed 

framework integrates a distributed network of IoT sensors—including vision-enabled devices, vibration detectors, and 

environmental sensors—deployed along railway tracks to enable continuous surveillance and instant anomaly recognition. Sensor 

data are transmitted in real time to a centralised analytical engine, leveraging AI algorithms for multi-modal data fusion, pattern 

detection, and predictive analytics. The system is capable of detecting foreign objects, track deformation, landslides, and 

unauthorised access, thereby significantly reducing risks associated with derailments and accidents. Automated alert mechanisms, 

supported by cloud-based processing, ensure rapid notification to control centres and train operators. Field trials on a test railway 

segment demonstrated detection accuracy above 95% for various obstacle scenarios and exhibited robust scalability across extended 

track environments. The framework further showcases energy-efficient sensor node design and secure wireless protocols to 

safeguard data integrity. This research establishes a foundation for next-generation railway surveillance systems, contributing to 

both passenger safety and infrastructure resilience. Future work will focus on wider field deployment, sensor optimization, and 

machine learning enhancement to further advance railway security standards. 

 

IndexTerms - Internet of Things (IoT), Railway Safety, Smart Surveillance, Anomaly Detection, Sensor Fusion, Edge Computing, Cloud 

Analytics, Machine Learning, Zigbee, Predictive Maintenance. 

I. INTRODUCTION 

 

 The global railway network remains a critical backbone of transportation infrastructure, playing a pivotal role in passenger 

mobility, trade, and economic development. In recent decades, increasing demand on rail transport has underscored the pressing 

need for enhanced safety, efficiency, and reliability in railway operations. Among the most persistent challenges facing railway 

authorities worldwide are track-related anomalies and unexpected obstacles, which are leading contributors to service disruptions, 

injuries, and, in severe cases, catastrophic accidents. Maintaining track integrity and ensuring timely detection of hazards are thus 

paramount to safeguarding passenger lives and preserving trust in public transport systems. 

 

Traditional railway surveillance and track maintenance methods have largely relied on periodic manual inspections, which, while 

essential, suffer from several inherent limitations. Manual inspections are not only labour-intensive and time-consuming but are 

also prone to human error and subject to operational delays. Furthermore, such methods cannot offer the continuous, real-time 

monitoring required to promptly detect dynamic threats, such as sudden foreign object intrusion, land subsidence, or environmental 

hazards like rockslides. The consequences of delayed detection include derailments, increased repair costs, and significant 

disruptions to schedules—factors that collectively erode the safety record and operational efficiency of railways. 

 

Recent technological advances in the fields of embedded systems, wireless communication, and sensor networks have provided a 

fertile ground for the evolution of intelligent railway monitoring. The emergence of the Internet of Things (IoT) presents a 

transformative opportunity to redefine railway track surveillance practices. IoT-based systems offer the capability to deploy a 

distributed network of intelligent devices—ranging from vibration sensors and LIDAR modules to smart cameras and environmental 
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sensors—along extensive track networks. These devices can communicate wirelessly, collect and transmit data in real time, and 

support advanced analytics, collectively enabling a paradigm shift in railway safety management. 

 

An IoT-driven approach to track surveillance brings several unique advantages to the fore. Firstly, the system’s distributed 

architecture facilitates seamless coverage over long distances and remote or inaccessible regions, which are often under-monitored 

in conventional setups. Secondly, the integration of multi-sensor data provides a holistic view of track conditions, allowing for the 

detection of subtle anomalies that might otherwise go unnoticed—such as track misalignment, excessive vibrations suggestive of 

infrastructural weakness, intrusions by animals or pedestrians, and accumulation of debris. Furthermore, real-time communication 

and central data processing allow for rapid response protocols, drastically reducing the reaction time to potential threats. 

 

The significance of such intelligent, IoT-enabled surveillance is underscored by the alarming statistics tied to railway accidents 

globally. According to various transportation safety boards, a substantial percentage of derailments are attributed to poorly 

monitored track conditions or delayed detection of obstacles. Furthermore, in densely populated and rapidly developing regions, 

railway trespassing, vandalism, and encroachments have added new layers of complexity to surveillance demands. As urbanization 

continues to expand and railway traffic intensifies, the scalability and intelligence of monitoring systems will become ever more 

crucial. 

 

In response to these industry demands and technological opportunities, this research proposes an IoT-Enabled Smart Surveillance 

Model for Railway Track Anomalies and Passenger Protection. The envisioned system architecture combines heterogeneous IoT 

sensor nodes strategically positioned along railway tracks, a robust wireless communication protocol, and a cloud-based analytics 

engine employing machine learning algorithms for event detection and prediction. By leveraging computer vision, vibration 

analysis, and environmental sensing, the system is designed to identify a wide spectrum of potential hazards—including foreign 

object detection, structural track faults, soil erosion, and environmental dangers such as flooding or fire. 

 

The benefits of this approach extend beyond safety. Proactive detection and predictive analytics support data-driven maintenance 

schedules, minimize unscheduled downtimes, and help optimize operational efficiency. The modular, scalable nature of the IoT 

framework further allows seamless integration with existing railway infrastructure and legacy monitoring systems, ensuring 

practical feasibility and cost-effectiveness in staged deployments. To ensure data security and privacy—concerns paramount in 

critical infrastructure—the system employs encrypted wireless protocols and robust authentication measures. 

 

This paper systematically examines the design, implementation, and evaluation of the proposed smart surveillance model. The 

remainder of the paper is organized as follows: Section II provides a comprehensive review of current literature and related work 

in railway track monitoring, highlighting the technological advancements and gaps addressed by this research. Section III details 

the system architecture, component selection, and deployment strategies central to the IoT framework. Section IV discusses the 

methodologies employed for data collection, anomaly detection, and emergency response. Section V presents experimental results 

from field testing, including system accuracy, responsiveness, and scalability metrics. Section VI explores the challenges 

encountered during implementation, such as sensor calibration and communication latencies, and outlines possible solutions. 

Finally, Section VII concludes with key findings, practical implications, and a roadmap for future enhancements aimed at advancing 

the state of railway safety and management. 

By fusing IoT innovation with smart analytical techniques, this research establishes a foundation for proactive, intelligent railway 

surveillance—paving the way towards safer and more resilient rail networks. 

 

II. LITERATURE SURVEY 

 

               The advancement of Internet of Things (IoT) and artificial intelligence (AI) technologies has significantly transformed the 

domain of railway safety and track monitoring. Several researchers have proposed innovative systems integrating sensor networks, 

edge computing, and machine learning for early fault detection and autonomous surveillance of railway infrastructure. 

 

M. T. and A. G. S. [1] introduced an IoT-based railway track fault detection framework that utilizes vibration and ultrasonic sensors 

to identify cracks or discontinuities in the rails, enabling preventive maintenance before critical failures occur. Similarly, D. S. V. 

et al. [2] implemented a LiDAR- and AI-based obstacle detection model for real-time railway surveillance, providing improved 

accuracy in identifying foreign objects or obstructions on the tracks. S. Sutar et al. [3] developed an IoT-based fault detection system 

using wireless sensor nodes, offering cost-effective and continuous track monitoring. 

 

Deep learning and computer vision methods have also gained prominence in railway safety. Studies such as [4], [10], and [15] 

proposed AI- and YOLOv8-based classification techniques to detect and categorize obstacles on railway tracks from camera and 

sensor data, significantly enhancing response time and automation. The integration of IoT with cloud analytics was explored in [5] 

and [19], where large-scale sensor data were processed using cloud platforms to monitor track health and environmental conditions 

efficiently. 

 

S. Deokar and R. Kadam [6] combined fire and crack detection using IoT sensors, demonstrating a multi-parameter safety approach 

applicable to remote railway sections. Moreover, [7] and [17] emphasized the role of LiDAR and wireless sensor networks in 

condition-based maintenance strategies, enabling real-time decision-making for railway authorities. V. J. Hodge et al. [8] 

highlighted the scalability and reliability of wireless IoT networks in railway condition monitoring, which form the backbone of 

many modern implementations. 
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Edge and cloud computing solutions for autonomous railway safety were analyzed in [9], where low-latency processing was 

achieved for critical applications such as obstacle detection and signal automation. Sustainable and eco-friendly monitoring 

frameworks were proposed in [13], focusing on minimizing energy consumption while maintaining high detection accuracy. 

 

In addition to sensor-based systems, several researchers [12], [18] explored the use of ultrasonic and PIR (Passive Infrared) sensor 

fusion for accurate detection of physical obstacles and cracks, offering improved robustness under varying environmental 

conditions. Conference studies [16] demonstrated IoT-based vehicle tracking at railway crossings, aimed at reducing accidents 

through intelligent communication between vehicles and railway gates. Finally, autonomous robotic systems for track inspection 

were proposed in [14] and [20], integrating IoT modules, cameras, and navigation sensors to perform automated railway inspection 

without human intervention. 

 

Overall, the literature reveals a consistent shift toward intelligent, connected, and autonomous systems that combine IoT, AI, cloud 

computing, and robotics for comprehensive railway safety. However, most existing works focus on individual subsystems, leaving 

room for integrated architectures that unify fault detection, obstacle recognition, and real-time analytics within a single framework. 

Table 1: Literature Survey analysis of existing Systems 
Sl.no. 

 

IoT Method 

 

Problem Statement 

 

Measure Output 

 

Conclusion/Remarks 

 

Author(s) 

 

Year 

 

1 

 

Multi-sensor IoT robot 

with IR, ultrasonic, 
fire sensors 

 

Detecting railway track 

cracks, fire, and platform 
availability 

 

Detection accuracy, 

real-time alerts 
 

Low-cost, automatic crack detection 

reducing accidents; fire detection 
and emergency response 

 

Megha T, Asha 

GS, et al. 
 

2024 

 

2 
 

LiDAR sensor + AI-
enabled camera on 

trains 

 

Real-time obstacle 
detection on railway track 

by moving trains 

 

Obstacle detection 
accuracy (98.5%) 

 

Shifts obstacle detection from 
trackside to trains; scalable and 

adaptable with high classification 

accuracy 
 

Divya S.V et 
al. 

 

2024 
 

3 

 

IoT sensors (including 

vibration, ultrasonic) + 

ML analysis 
 

Railway track fault 

detection and anomaly 

monitoring 
 

Fault detection 

accuracy 

 

Real-time monitoring enables early 

fault detection and predictive 

maintenance 
 

Shahaji 

 

2024 

 

4 

 

IoT edge processing 

with deep learning 
object recognition 

 

Obstacle detection to avoid 

collisions and hazards in 
railway tracks 

 

Obstacle 

classification 
precision and 

system latency 

 

Effective prevention of railway 

accidents through early detection 
and classification 

 

Jetir 

 

2025 

 

5 
 

GPS + Sensor IoT 
platform + cloud 

analytics 

 

Integrated railway safety 
for predicting faults and 

enabling emergency 

responses 
 

System response 
time, predictive 

maintenance metrics 

 

IoT platforms enhance coordination 
among stakeholders and reduce 

accidents via predictive alerts 

 

IJERT Authors 
 

2025 
 

6 

 

Ultrasonic + IR + fire 

sensors + Arduino 
Uno 

 

Crack and fault detection, 

fire attack prevention in 
railway tracks 

 

Object detection 

reliability and fire 
detection speed 

 

Automatic inspection reduces 

manual errors and maintenance costs 
 

Deokar 

 

2018 

 

7 
 

IoT-based LiDAR and 
AI image processing 

 

Detection and classification 
of obstacles in real-time on 

railway tracks 

 

Detection accuracy 
and false positive 

rates 

 

Combining LiDAR and AI improves 
classification and reduces false 

positives 

 

IJCRT Authors 
 

2024 
 

8 
 

IoT + Wireless sensor 
network for condition 

monitoring 

 

Wireless sensor networks 
for railway track condition 

monitoring and fault 

diagnosis 
 

Sensor data 
accuracy, network 

efficiency 

 

Wireless sensors can effectively 
monitor railway infrastructure 

condition 

 

Victoria J. 
Hodge et al. 

 

2015 
 

9 

 

IoT and Edge 

computing for real-
time railway safety 

 

Integration of IoT and edge 

computing for improving 
train safety and autonomous 

interventions 

 

Latency in alerts and 

processing 
efficiency 

 

Data-driven and predictive safety 

measures reduce accidents 
 

IEEE Paper 

authors 
 

2024 

 

10 

 

Raspberry Pi + GPS + 

PIR + Deep learning 

(YOLOv8) 

 

Real-time obstacle 

detection using AI on 

railway tracks 

 

Detection accuracy, 

alert response time 

 

Integration of AI and IoT for real-

time monitoring reduces accidents 

and enhances safety 

 

Jetir 

 

2025 

 

11 

 

IoT sensor fusion + 

ML for track crack 

detection 
 

Crack detection using 

sensors and machine 

learning algorithms 
 

Crack detection 

precision 

 

Early detection with sensors and ML 

improves maintenance planning 

 

IJREEICE 

Authors 

 

2024 

 

12 

 

Ultrasonic sensors + 

IoT gateway 

 

Detection of track faults 

and obstacles in railway 

systems 
 

Detection accuracy, 

system uptime 

 

Effective fault detection supporting 

railway safety 

 

International 

Journal authors 

 

2025 

 

13 

 

IoT sensors network + 

Cloud communication 
 

Sustainable railway 

management through 
continuous track 

monitoring 

 

System reliability 

and energy 
efficiency 

 

IoT enables sustainable monitoring 

reducing maintenance costs 
 

Science Direct 

Authors 
 

2022 

 

14 

 

IoT-based robot with 

motor drivers and 

sensors 

 

Autonomous railway 

inspection and obstacle 

detection 

 

Accuracy in 

obstacle and crack 

detection 

 

Autonomous IoT robots improve 

inspection efficiency and safety 

 

TIJER Authors 

 

2024 
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15 

 

AI + LiDAR + IoT 

edge devices 
 

Classification of critical vs 

non-critical obstacles 
 

Classification 

accuracy (above 
95%) 

 

AI-enabled classification reduces 

false alarms and improves 
operational safety 

 

IJCRT Authors 

 

2024 

 

16 

 

IoT-enabled mobile 

app + GPS + sensors 
 

Vehicle tracking and speed 

warning for railway 
crossings 

 

Alerts accuracy, 

response time 
 

IoT apps enhance monitoring and 

safety at level crossings 
 

Recent 

conference 
paper 

 

2023 

 

17 
 

Wireless sensor 
network + IoT devices 

 

Condition-based 
maintenance for rail track 

and infrastructure 

 

Fault detection time, 
maintenance cost 

 

Condition-based monitoring reduces 
downtime and extends equipment 

life 

 

IEEE research 
group 

 

2023 
 

18 
 

Ultrasonic + PIR + IoT 
edge processing 

 

Obstacle detection using 
ultrasonic and PIR sensors 

on railway tracks 

 

Obstacle detection 
precision 

 

Sensor fusion improves accuracy 
and robustness 

 

Various 
engineering 

authors 

 

2019 
 

19 

 

IoT with cloud data 

analytics and GPS 

 

Track and environment 

monitoring using IoT with 

cloud analytics 
 

Data transmission 

reliability and speed 

 

Cloud integration supports real-time 

decisions and remote management 

 

IJSRSET 

Authors 

 

2025 

 

20 

 

Robot with IoT 

sensors and motor 

control 
 

Automated railway track 

inspection robot with 

obstacle detection 
 

System response, 

detection rate 

 

IoT robots help automate inspection 

and enhance safety by detecting 

anomalies 
 

Recent IJREM 

paper authors 

 

2025 

 

 

 

III. METHODOLOGY 

 

                      The proposed IoT-enabled smart surveillance system for railway track anomaly detection and passenger protection is 

structured into six key stages: sensor deployment, communication architecture, data acquisition, anomaly detection, alert 

mechanism, and field validation. Each stage is designed to ensure real-time responsiveness, scalability, and robustness under diverse 

operational conditions. 

 

3.1 Sensor Deployment Strategy 
A distributed network of heterogeneous IoT sensors is deployed along railway tracks at strategic intervals. The sensor suite includes 

vibration sensors, ultrasonic modules, passive infrared (PIR) detectors, fire sensors, and AI-enabled vision cameras. These sensors 

are housed in weather-resistant enclosures and calibrated for terrain-specific parameters such as soil vibration thresholds and 

ambient lighting. Microcontrollers (e.g., ESP32, STM32) and edge processors (e.g., Raspberry Pi, Jetson Nano) are used for local 

data processing and control. 

 

 
Fig.(1): Block diagram of IOT-enabled smart surveillance system 

 

3.2 Communication Architecture 
Sensor nodes communicate wirelessly using low-power protocols such as Zigbee, LoRa, and GSM. The network topology supports 

both mesh and star configurations to ensure fault tolerance and extended coverage. Data packets are transmitted to edge gateways 

and subsequently relayed to a centralized cloud analytics engine. Secure communication is maintained using AES-128 encryption 

and authenticated data channels. 
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Fig.(2): Sensor deployment strategy along the railway track 

 

3.3 Data Acquisition and Preprocessing 
Sensor data are collected continuously and preprocessed using filtering techniques such as Kalman filters and moving averages to 

eliminate noise and transient disturbances. Multi-modal data fusion is employed to combine inputs from vibration, vision, and 

environmental sensors, thereby enhancing detection accuracy and reducing false positives. 

 
Fig.(3): Communication Architecture of IOT nodes with edge and cloud layers 

 

3.4 Anomaly Detection and Predictive Analytics 
Machine learning algorithms are implemented for real-time anomaly classification and prediction. Convolutional Neural Networks 

(CNNs) are used for image-based obstacle detection, while Support Vector Machines (SVMs) and decision trees analyze vibration 

and environmental patterns. Threshold-based triggers are defined for crack width, vibration amplitude, and object proximity to 

initiate alerts. Historical data are used to train predictive models for early fault forecasting. 

 

 
Fig.(4): Data Acquisition and anomaly detection process using AI algorithm 

 

3.5 Alert Mechanism and Emergency Response 
Upon detection of anomalies such as track deformation, foreign object intrusion, or fire hazards, the system activates automated 

alert protocols. Notifications are sent to control centres and train operators via SMS, email, and mobile app interfaces. A cloud-

based dashboard provides real-time visualisation, historical analytics, and maintenance recommendations. 
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Fig.(5): Alert mechanism and emergency response flow 

 

3.6 Field Trials and System Validation 
The system is validated through field trials conducted on a controlled railway segment. Performance metrics include detection 

accuracy (>95%), latency (<2 seconds), system uptime, and false positive rate. Simulated scenarios such as obstacle placement, 

track deformation, and fire events are used to evaluate system robustness. Feedback from railway personnel is incorporated to refine 

sensor placement, calibration, and alert thresholds. 

 
Fig.(6): Field testing setup and performance validation results 

 

IV. ANALYSIS 

 

                         To evaluate the performance of the proposed IoT-enabled smart surveillance system, a series of field trials were 

conducted on a controlled railway segment spanning 2 kilometers. The system was tested under various environmental and 

operational conditions, including obstacle placement, track deformation, and fire hazard simulation. The following metrics were 

used to assess system effectiveness: detection accuracy, latency, false positive rate, system uptime, and energy efficiency. 

 

4.1 Detection Accuracy 
The system demonstrated high detection accuracy across multiple anomaly types 

 Foreign Object Detection : 96.8%  

 Track Crack Identification : 94.5%  

 Fire Hazard Recognition : 97.2%  

 Unauthorized Access Detection : 95.6%  
         These results were obtained using a combination of vibration sensors, ultrasonic modules, PIR detectors, and AI-enabled 

cameras. The integration of multi-modal sensor data significantly reduced misclassification and improved precision. 

 

4.2 Latency and Response Time 
The average latency from anomaly detection to alert generation was measured at 1.8 seconds, with a maximum observed delay of 

2.3 seconds under high network load. This rapid response time ensures timely intervention by control centers and train operators. 

 

Table 2: Latency and Response analysis Data 

Metric 

 
Value 

 

Average Detection Latency 

 

1.8 seconds 
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Maximum Latency Observed 

 

2.3 seconds 

 

Alert Delivery Time 

 

< 3 seconds 

 

 

4.3 False Positive Rate 
The system maintained a low false positive rate across all test scenarios: 

 Overall False Positive Rate : 3.2%  

 Vision-Based Detection (AI Camera) : 2.7%  

 Vibration-Based Detection : 3.8%  
             False positives were primarily attributed to environmental noise and sensor drift, which were mitigated through Kalman 

filtering and threshold calibration. 

 

4.4 System Uptime and Reliability 
During continuous operation over a 72-hour test period: 

 System Uptime : 99.4%  

 Node Failure Rate : < 0.6%  

 Data Transmission Reliability : 98.9%  
         The use of Zigbee and LoRa protocols ensured robust communication even in remote segments with limited cellular coverage. 

 

4.5 Energy Efficiency 
Sensor nodes powered by solar panels and optimized duty cycles exhibited: 

 Average Power Consumption: 0.75 W per node  

 Battery Life (with solar support) : > 48 hours continuous operation  
    This confirms the system’s suitability for long-term deployment in energy-constrained environments. 

 

4.6 Comparative Analysis 
Compared to traditional manual inspection and single-sensor systems, the proposed framework achieved: 

 30–40% improvement in detection accuracy  

 60% reduction in response time  

 50% lower maintenance overhead  
    These improvements validate the system’s potential for scalable, real-time railway safety management. 

 

V. CONCLUSION 

 

               The research demonstrates that an IoT-enabled smart surveillance model significantly enhances real-time monitoring and 

detection of railway track anomalies and obstacles, thereby contributing to the improved safety of passengers. By integrating multi-

sensor networks, real-time data analytics, and AI-based predictive algorithms, the system effectively identifies potential hazards 

such as track defects, foreign objects, and environmental threats with high accuracy and reduced latency. This proactive surveillance 

approach not only mitigates risks associated with derailments and accidents but also supports predictive maintenance, leading to 

optimized operational efficiency and cost savings. Future work may focus on further refining sensor fusion techniques, expanding 

the deployment scale, and incorporating advanced machine learning models to enhance detection robustness under diverse 

environmental conditions. Moreover, ensuring the security and scalability of IoT communication protocols will be crucial for 

practical large-scale adoption. This framework sets a strong foundation for next-generation intelligent railway safety systems, 

promising safer, smarter, and more resilient rail transportation networks. 

 

VI. REFERENCES 

[1] M. T. and A. G. S., “IoT-Based Railway Track Fault Detection,” Int. J. Eng. Res. (TIJER), vol. 11, no. 4, Apr. 2024. 

[2] D. S. V. et al., “Real-Time Obstacle Detection on Railway Track Using LiDAR and AI,” Int. J. Creative Res. Thoughts (IJCRT), 

2024. 

[3] S. Sutar et al., “IoT-Based Railway Track Fault Detection System,” Int. J. Eng. Res. Technol. (IJERT), 2024. 

[4] Authors, “Deep Learning Based Obstacle Classification in Railway Tracks,” J. Emerging Technol. Innov. Res. (JETIR), 2025. 

[5] Authors, “Integrated Railway Safety Using IoT and Cloud Analytics,” Int. J. Eng. Res. Technol. (IJERT), 2025. 

[6] S. Deokar and R. Kadam, “Railway Track Crack and Fire Detection Using IoT Sensors,” in Proc. Int. Conf. Emerging Trends 

in Eng. (ICETE), 2018. 

[7] Authors, “Combining LiDAR and AI for Railway Track Obstacle Detection,” Int. J. Creative Res. Thoughts (IJCRT), 2024. 

[8] V. J. Hodge et al., “Wireless IoT Networks for Railway Condition Monitoring,” J. Sensor Actuator Netw., 2015. 

[9] Authors, “IoT and Edge Computing for Autonomous Railway Safety,” IEEE Trans. Intell. Transp. Syst., 2024. 

[10] Authors, “YOLOv8-Based Railway Obstacle Detection System,” J. Emerging Technol. Innov. Res. (JETIR), 2025. 

[11] Authors, “Machine Learning-Based IoT Crack Detection for Railway Tracks,” Int. J. Recent Eng. Electron. Commun. Eng. 

(IJREEICE), 2024. 

[12] Authors, “Ultrasonic Sensors for Track Fault Detection,” Int. J. Eng. Sci. Res. Technol., 2025. 

[13] Authors, “Sustainable Railway Monitoring Using IoT,” Sci. Direct J. Sustain. Transp. Syst., 2022. 

http://www.jetir.org/


© 2025 JETIR November 2025, Volume 12, Issue 11                                                  www.jetir.org (ISSN-2349-5162) 

 

JETIR2511352 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d482 
 

[14] Authors, “Autonomous IoT Robot for Railway Inspection,” Int. J. Eng. Res. (TIJER), 2024. 

[15] Authors, “AI Classification of Railway Obstacles Using IoT,” Int. J. Creative Res. Thoughts (IJCRT), 2024. 

[16] Authors, “IoT-Based Vehicle Tracking for Railway Crossings,” in Proc. Int. Conf. Smart Mobility and Transp. Syst., 2023. 

[17] Authors, “Condition-Based Railway Track Maintenance Using Wireless Sensors,” IEEE Trans. Ind. Electron., 2023. 

[18] Authors, “Ultrasonic and PIR Sensor Fusion for Railway Obstacle Detection,” Int. J. Eng. Adv. Technol., 2019. 

[19] Authors, “Cloud-Enabled IoT Railway Track Monitoring,” Int. J. Sci. Res. Sci. Eng. Technol. (IJSRSET), 2025. 

[20] Authors, “IoT-Based Robot for Railway Track Inspection,” Int. J. Res. Eng. Manag. (IJREM), 2025. 

 

http://www.jetir.org/

