IJSART - Volume 11 Issue 3 - MARCH 2025

ISSN [ONLINE]: 2395-1052

Railway Train Collision Avoidance On Same Track
And Animal Detection Using Al-10T

T Suganraj !, S Meganath?, C Pragya®, P Venkateswari*
1.2,:3.4 Dept of ECE
1.2,:3.4 Muthayammal Engineering College,Namakkal, Tamilnadu, India.

Abstract- Ensuring safety in rail transportation is a critical
challenge, particularly in preventing collisions with obstacles
and animals on tracks. This project presents a comprehensive
collision avoidance system leveraging Artificial Intelligence
(Al) and Internet of Things (IoT) technologies for real-time
obstacle and animal detection. The system integrates
advanced detection algorithms and a camera for capturing
live images of the railway track. These images are processed
using the YOLO (You Only Look Once) algorithm, renowned
for its high accuracy and speed in object detection and
classification. Upon identifying an obstacle, specifically
animals, the system initiates an automated response by
sending an email alert to the concerned authorities, complete
with the captured image for verification and action. A buzzer
serves as an immediate alert mechanism, warning the train
driver to take precautionary measures and avoid potential
collisions. Additionally, an LCD display provides real-time
updates about the system's status and alerts, enhancing
operational transparency and aiding in proactive monitoring.
This Al-loT-based solution ensures timely intervention in
emergencies, thereby improving safety and reliability in
railways. Its intelligent integration of real-time processing,
automated communication, and robust alert mechanisms
offers a transformative approach to railway safety systems
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I. INTRODUCTION

Railways play a crucial role in global transportation,
offering a sustainable and cost-effective means of moving
passengers and goods. However, railway safety remains a
significant challenge, particularly in preventing collisions with
animals, vehicles, and other obstacles on tracks. Traditional
safety measures, such as manual inspections and static
sensors, often fail to provide real-time responses, leading to
accidents, service disruptions, and increased maintenance
costs [1], [2].

Advancements in Artificial Intelligence (Al) and the
Internet of Things (loT) have paved the way for innovative
railway safety solutions. Al-powered object detection
algorithms, such as YOLO (You Only Look Once), combined
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with loT-enabled real-time communication, can enhance
railway safety by detecting and classifying obstacles with high
accuracy and speed [3].

This paper proposes an Al-loT-based Collision
Avoidance System for railway safety. The system utilizes a
camera to capture real-time images of railway tracks, which
are processed using the YOLO algorithm to detect obstacles,
particularly animals [1]. Upon detection, the system triggers
automated alerts via email to railway authorities, activates a
buzzer for train drivers, and displays real-time updates on an
LCD screen. This multi-layered approach ensures timely
interventions, minimizing accidents and operational
disruptions [2], [3].

The proposed system offers several benefits,
including the protection of wildlife, reduced infrastructure
damage, improved operational efficiency, and enhanced safety
under adverse environmental conditions. By integrating Al for
real-time detection and 10T for seamless communication, this
solution addresses the limitations of conventional railway
safety mechanisms, providing a scalable and cost-effective .

Il. LITERATURE SURVEY

Ensuring railway safety has been a critical area of
research, particularly in detecting and mitigating collisions
involving animals, vehicles, and other obstacles on tracks.
Various approaches have been explored, ranging from
traditional manual inspections to advanced Al-based detection
systems. This section reviews the existing literature on railway
safety mechanisms, object detection techniques, and the role
of Al and loT in transportation systems.

Traditional Railway Safety Mechanisms

Early railway safety systems primarily relied on
physical barriers, trackside sensors, and manual inspections to
prevent accidents. While effective to some extent, these
conventional methods suffer from limitations such as human
error, delayed response times, and inefficiencies during
adverse weather conditions [1]. The lack of real-time
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monitoring further exacerbates safety concerns, particularly in
remote and high-risk areas.

Image Processing and Object Detection in Railways

Recent advancements in image processing and
machine learning have introduced automated object detection
systems for railway safety. Various studies have explored
techniques such as background subtraction, edge detection,
and motion tracking to identify obstacles on railway tracks [2].
However, these traditional computer vision approaches often
struggle with accuracy and real-time processing speed,
particularly in dynamic environments.

The introduction of deep learning-based object
detection models, such as Faster R-CNN, SSD (Single Shot
MultiBox Detector), and YOLO (You Only Look Once), has
significantly improved accuracy and speed in detecting
obstacles. Among these, YOLO stands out for its high-speed
processing and capability to detect multiple objects in a single
pass, making it ideal for real-time railway safety applications

[3].
Al and 10T in Railway Safety Systems

The integration of Artificial Intelligence (Al) and the
Internet of Things (IoT) has revolutionized railway safety by
enabling automated monitoring and instant communication
between devices. Al-driven systems utilize deep learning
models to classify obstacles, while 10T facilitates real-time
data transmission to railway authorities and train operators.
Studies have demonstrated the effectiveness of Al-loT
solutions in reducing accident rates and improving response
times in emergency situations [4].

loT-enabled railway monitoring systems leverage
sensors, cameras, and cloud computing to provide continuous
surveillance of railway tracks. These systems generate
automated alerts in case of obstructions, ensuring swift
intervention and minimizing the risk of accidents [5]. The
ability to operate under diverse environmental conditions
further enhances the reliability of Al-loT-based solutions.

Al-based models, while effective, require seamless
communication for instant action.Current railway safety
mechanisms do not fully leverage the combined potential of
Al and 10T.The proposed Al-loT-based Collision Avoidance
System addresses these gaps by integrating YOLO-based
object detection with real-time 10T alerts. This ensures timely
intervention, minimizing the risk of accidents while improving
operational efficiency and railway safety.
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1. METHODOLOGY

The methodology outlines the implementation
framework of the proposed Al-loT-based Railway Collision
Avoidance System, ensuring a structured approach to obstacle
detection, classification, and alert mechanisms. The system is
designed to enhance railway safety by integrating real-time
object detection, loT-enabled communication, and automated
alerting mechanisms.

System Design Approach

The proposed system follows a multi-layered
approach to ensure efficient railway track surveillance and
obstacle detection. The methodology consists of the following
key phases:

1. Data Acquisition

e A high-resolution camera continuously captures live
video feeds of railway tracks.

e The captured images are pre-processed to improve
clarity and eliminate noise for more accurate object
detection [1].

2. Object Detection and Classification:

e The pre-processed images are analyzed using the
YOLO (You Only Look Once) algorithm, a deep
learning-based real-time object detection model.

e The model classifies detected objects as animals,
debris, or other obstacles based on its pre-trained
dataset [2].

e If an object is identified as a potential hazard, the
system proceeds to alert mechanisms.

3. Hazard Assessment and Decision Making

e The system evaluates the size, distance, and
movement of the detected object to determine its
threat level.

e Obijects on the railway track within a predefined risk
zone are categorized as threats and trigger alerts [3].

4. Automated Alert and Communication Mechanism
If an obstacle is detected:

e An email alert with the captured image is sent to
railway authorities.

e A buzzer alarm is triggered on the train to alert the
driver.

e The LCD display in the train and the control center
updates with real-time status information [4].

5. loT-Based Real-Time Communication

e The system uses Wi-Fi, LTE, or 5G to transmit
hazard data to a central monitoring unit, enabling
railway personnel to oversee operations remotely.

e Railway operators can access live detection updates,
ensuring proactive safety management [5].
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6. Data Logging and Performance Evaluation
e All detection events, including time stamps, object
type, and location, are logged into a database for
future analysis.
e The stored data aids in improving the Al model’s
accuracy and identifying recurring safety concerns
along railway routes[6]

Software and Hardware Implementation

e The implementation consists
subsystems:

of two primary

Software Implementation

YOLO Algorithm for Object Detection:
The YOLO model is trained on a dataset of railway
obstacles and animals to classify objects accurately.

e The algorithm operates in real-time, ensuring
immediate response to hazards.

Alerting and Monitoring System:
e Uses SMTP protocol to send email alerts with
captured images.
e Embedded C/Python scripts handle buzzer activation
and LCD display updates.

Hardware Implementation

Camera Module: Captures continuous live feed.
Al Processor (Raspberry Pi/Jetson Nano): Processes
images using the YOLO algorithm.

e Microcontroller (Arduino/ESP8266): Controls alert
systems and sends data to the cloud.

e Buzzer and LCD Display: Provides real-time warning
alerts.

Flow of the System (Workflow)

1. Track Surveillance — Camera captures railway track
images.

2. Image Processing & Object Detection — YOLO
detects and classifies obstacles.

3. Risk Evaluation — System determines if the object is
a hazard.

4. Alert Generation — Email notification is sent, buzzer
activated, and LCD updated.

5. Real-Time Communication — IoT transmits data to
control centers and railway authorities.

6. Continuous Monitoring — System remains active
throughout the train’s journey.

Page | 115

ISSN [ONLINE]: 2395-1052

Video Feed Capture (Camera) and Pre-processing
of Image Data

Object Detection (Al Model) and Object
Classification

Animal/Obsta Buzzer Activation and
n Lt

Email Notification ele Detectio: €D Display Update

System Monitoring and Maintenance

End or Loop

FIGURE 1:Animal/Obstacle Detection.
Advantages of the Methodology

e Real-Time Detection: Fast and accurate identification
of railway hazards.

e Automated Alerts: Reduces manual
efforts and response time.

e Scalability: The system can be deployed across
different railway networks.

monitoring

Reliability in Diverse Conditions: Works efficiently in low
visibility, fog, and nighttime conditions

IV. SOFTWARE

1. Operating System: Windows OS.

2. Programming Language: Python, an interpreted, high-
level, general-purpose language known for its simplicity
and extensive standard library.

3. Integrated Development Environment (IDE): Python's
IDLE, which offers a straightforward environment for
writing and testing Python code.

4. Object Detection Framework: YOLO (You Only Look
Once), a real-time object detection system that processes
images efficiently and accurately.

5. Computer Vision Library: OpenCV, a comprehensive
library for computer vision tasks, facilitating image and
video processing.

6. Microcontroller Firmware: MicroPython, a lean
implementation of Python designed for microcontrollers
like the ESP8266, enabling Python scripting on hardware
devices.

7. Communication Protocol: MQTT (Message Queuing
Telemetry Transport), a lightweight messaging protocol
ideal for loT devices, ensuring efficient communication
between the ESP8266 and other components.
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V. CONCLUSION

The system integrates advanced detection algorithms
and a camera for capturing live images of the railway track.
These images are processed using the YOLO (You Only Look
Once) algorithm, renowned for its high accuracy and speed in
object detection and classification. Upon identifying an
obstacle, specifically animals, the system initiates an
automated response by sending an email alert to the concerned
authorities, complete with the captured image for verification
and action. A buzzer serves as an immediate alert mechanism,
warning the train driver to take precautionary measures and
avoid potential collisions. Additionally, an LCD display
provides real-time updates about the system's status and alerts,
enhancing operational transparency and aiding in proactive
monitoring. This Al-loT-based solution ensures timely
intervention in emergencies, thereby improving safety and
reliability in railways. Its intelligent integration of real-time
processing, automated communication, and robust alert
mechanisms offers a transformative approach to railway safety
systems.
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