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ABSTRACT

Recent train mishaps brought on by
collisions and track failures highlight
how urgently improved safety measures
are needed. In order to identify track
gaps, avoid collisions, and offer live
streaming for real-time surveillance, this
project presents an experimental
vehicle-based  railway = monitoring
system. With the help of the train's
momentum and no separate motors, the
pilot vehicle—a lightweight attachment
placed 200 meters in front of the train—
moves down the rails with little
assistance from a battery. To detect gaps,
it has a laser transmitter and receiver
device placed thoughtfully on either side
of the track. A camera is triggered for
visual confirmation if the receiver
detects an interruption in the laser beam,
which indicates a possible track gap.
Furthermore, a collision detection

system that is integrated with the pilot

car uses cameras and sensors to detect

obstructions within a 200-meter radius,
such as approaching trains, trespassers,
or animals. Additionally, the system has
a live-streaming camera that gives
railway control centers visual input in
real time, guaranteeing prompt response
when abnormalities are identified. By
facilitating proactive maintenance and
obstacle identification, this novel
strategy not only increases the
dependability of railway operations but
also reduces the danger of accidents. The
suggested approach sets a standard for
upcoming improvements in railway
infrastructure by utilizing
straightforward but powerful sensor
technology to provide a scalable and
affordable answer to contemporary
railway safety issues.
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1. INTRODUCTION
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One of the oldest and most important
ways to link cities, regions, and countries
is by rail. The railway industry is vital to
the growth of the economy and society
because of its extensive network and
ability to transport massive volumes of
people and products. However, railways
have inherent safety issues, just like any
other complex infrastructure system.
The potentially disastrous effects of
railway accidents have led to a greater
emphasis on accident prevention in
recent years. In order to provide a strong
basis for the discussion of an advanced
railway accident prevention system that
will be covered later in this paper, this
chapter

provides a thorough

introduction to railway safety with a

focus on accident prevention.
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Figure 1.1 pilot vehicle ahead of the train
1.1 Background of Railway Accidents

In the past, railroad mishaps have caused
significant interruptions and significant
losses, from lives to significant financial
losses. These incidents can take many
different forms, including as collisions,
derailments, and operational disasters
brought on by human mistake or
mechanical faults. Numerous studies
have demonstrated that, despite their
relative effectiveness, the current
railway safety systems still have space
for improvement, especially in terms of
quick detection and prompt action when
dangers materialize. The interaction of
aging infrastructure, rising railway
traffic, and the complex nature of events
is a major issue that makes railway safety

more difficult.

1.2 Problem Statement

The shortcomings of many traditional
railway safety measures have been
exposed by the quick development of
technology and our growing awareness
of dynamic railway settings. The
simplified, real-time reaction required to
manage major event scenarios or new
abnormalities is not always offered by
current technologies. The conventional

approaches to risk  assessment
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frequently fall short of providing a
proactive strategy for preventing
accidents. cooperation between all
essential safety elements. These flaws
make it possible for avoidable incidents
to happen even in the face of strict safety
regulations. In order to provide
increased safety for both passengers and
railroad workers, the focus of this paper
is on developing a system that not only
detects risks but also does it with

unparalleled speed and precision.

2. LITERATURE REVIEW

A thorough and critical review of the
body of research on railway accident
prevention methods is given in this
chapter. Sensor-based detection,
artificial intelligence (AI) applications
for visual confirmation, and wireless
communication technologies used in
real-time safety systems are the three
main pillars of contemporary safety
efforts that are the subject of this
analysis. Understanding the motives and
methods underlying the suggested
advanced railway accident prevention
system requires a thorough examination
of previous studies, contemporary

technology, and inherent flaws in both

conventional and creative systems.
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1.1 Overview of Existing Railway

Safety Systems

Generation  after  generation  of

technological = advancements  have
shaped the evolution of railway safety.
Modern methods use automated sensors,
machine learning algorithms, and real-
time communication networks, whereas
early systems mostly depended on
manual monitoring and recurring
inspections. This development is
documented in the literature as a
reaction to the need to reduce
catastrophic occurrences, expanding

operational complexity, and higher

traffic volumes.

i S

: Rl Track Segmentation ~~ Region-ofterest
| FSCWN | ‘ ]

'

) Trespasser
Deteston

£ Tnnsfomaton

Track
Projected Rulway Tnspection
f §

Video Stream Semantic Segmentation

Homegraphy | , Region-growing
Transformation Algorithm

Figure 2.1 existing model of the project
Traditional Safety Measures

Historically, railway accident prevention

systems focused on:

e Manual Inspections and Periodic
Maintenance: Early safety measures

largely depended on human operators
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conducting inspections and routine
maintenance. Regular track inspection
teams scoured for physical hazards, and
maintenance schedules were based on

historical data and fixed intervals.

» Basic Signal Systems: The introduction
of electrical and later electronic signaling
systems allowed for better train
separation and communication between
control centers and railway staff. These
methods, however, faced challenges in
rapidly evolving situations and could not

always offer real-time updates.

e Mechanical and Electro-Mechanical
Interlocking: Safety systems based
around interlocking mechanisms
ensured that trains could not be routed
into conflicting paths. Although effective
at reducing collision risks, such systems
were inherently static and could not
adapt to sudden changes in track

conditions or unexpected obstacles.

» Basic Signal Systems: The introduction
of electrical and later electronic signaling
systems allowed for better train
separation and communication between
control centers and railway staff. These
methods, however, faced challenges in
rapidly evolving situations and could not

always offer real-time updates.
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e Mechanical and Electro-Mechanical
Interlocking: Safety systems based
around interlocking mechanisms
ensured that trains could not be routed
into conflicting paths. Although effective
at reducing collision risks, such systems
were inherently static and could not
adapt to sudden changes in track

conditions or unexpected obstacles.
3. IMPLEMENTATION OF PROJECT

The railway accident prevention
system's implementation phase signifies
the change from conceptual design to
practical, on-the-ground use. This
chapter describes the software and
hardware operations that make the
system work. In addition to outlining
how microcontrollers are used to handle
sensor data, the topic covers the
integration and setup of several sensor
types, such as laser sensors, ultrasonic
Sensors, and camera modules.
Furthermore, a detailed explanation of
how the ESP32-CAM and Raspberry Pi
work together to accomplish real-time
hazard detection and quick reaction is
provided. Each component of the

system's implementation is examined in

detail in the next subsections.
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PILOT VEHICLE SYSTEM DESIGN
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3.1 Block diagram of pilot system design
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3.2 Block diagram of proposed system
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4. Components description
4.1 Ultrasonic sensor

An Ultrasonic sensor is a device that can
measure the distance to an object by
using sound waves. It measures distance
by sending out a sound wave at a specific
frequency and listening for that sound

wave to bounce back.
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Fig.4.1 Ultrasonic sensor

4.2 Laser Sensor

A laser sensor is a gadget that measures
or detects an object's existence, location,
or distance using a laser beam. It
operates by directing a laser beam of
light in the direction of the object and
then obtaining the light that returns. The
length of time it takes for the light to
return or the angle at which it reflects are
used by the sensor to determine how far
away the item is. Laser sensors are
renowned for their great precision, quick
reaction times, and capacity to detect
even minute motions or objects. They are
frequently utilized in safety systems,

robotics, and automation.

Fig.4.2 laser sensor

4.3 Camera Modules with ESP32-CAM
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The ESP32-CAM is a tiny, inexpensive
development board that integrates an
integrated camera module, often the
0V2640, with the ESP32
microcontroller. It has a Wi-Fi
connection and is capable of wirelessly
taking and streaming pictures and
videos. After the camera captures
images, the ESP32 interprets the data
and wirelessly transmits it to a
computer, phone, or cloud server.
Additionally, it may be configured to
recognize people, motion, or QR codes.
Due to its portability, affordability, and
wireless communication capabilities, the
module is frequently utilized in do-it-

yourself security camera, remote

monitoring, and smart home

applications.
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Fig.4.3Esp 32 cam module
4.4 Raspberry Pi 5 microcontroller

Controlling electronic devices, sensors,
and motors is possible with the
Raspberry Pi 5, a tiny yet potent

computer that functions similarly to a
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microcontroller. It can connect to and
operate external gear thanks to its
processor, memory, USB ports, and GPIO
(General Purpose Input/Output) pins.
The Raspberry Pi 5 may be programmed
to read sensor data or turn devices on
and off using languages like Python. In
order to manage more complicated
activities like running a web server or
showing pictures, it also supports an
entire operating system. This makes it
ideal for applications involving robotics,

smart gadgets, and home automation.
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Fig.4.4 raspberry pi 5 microcontroller

5. Flowchart
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accident prevention system are compiled

ALGORTHM _ _
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Rahway Sefety Detection Algorithm Flowehart
I's ™\ : -
(s ) framework with real-time

responsiveness, precision, and
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are concrete, significant, and highly

applicable to real-world situations. The

| oyt o .
/ main elements of the research and the
Fig.5.1 flow chart outcomes are summed up in the table
5.1 Statistical Data and Performance below:
M etrics Component Description Result Highlights
Sensor Integration Laser, Ultrasonic, ESP32-CAM etection accuracy >96%
q p y
. New Legacy Improve me nt with YOLO V12 across all modalities
Metric
Syste System
m . Real-Time Data Multi-modal, weighted fusion False positives reduced
Average Detection =~ 96% 5% 21 Fusion algorithm by 90%, robust
Accuracy percen redundancy achieved
© points Automated Decision- Rule-based + Al analytics for e time
Ohstacle s —B0% s Making hazard assessment and response ~145ms
Detection pereen
Consistency < points Wireless Real-time communication 99.9% transmission
Average Reaction —145 milliseconds 3,000 — 10,000 = 95% reduction Communication backbone with redundancy and reliability, latency <30ms
T]i)mc millissconds latency (ESP-NOW) packet integrity protocols
(Detectionto-
Braking)
False Alarm Rate pE— 15 20%% 80% reduction Environmental Trials in fog, rain, mechanical Maintained high accuracy
Testing vibration, low-light environments and system uptime
Communication =90 9% N/A Reliable data
X exchange cnsur
Packet Intcgrity system Field Validation Real-world track trials across System remained stable,
robustness urban, rural, and station zones efficient, and adaptive
Feedback from System usability, alerts, and Improved confidence,
Operators braking interfaces evaluated by intuitive control, minimal
System Exceeds Lower duc to Robust real users training needed
Uptim | industry e med  TroT - .
e (MTBF) standard cycles r design .
- Table:2 Components and results
figures
proprictary) 3 2
6.1 Detailed Evaluation of System

Table.1 data and performance metrics

6. CONCLUSION AND FUTURE SCOPE

Effectiveness

The system that has been put into place

Comprehensive Summary of Research exhibits a strong capacity to identify

Findings possible risks and instantly activate

The multifaceted research, testing, and safety features. The platform

technology integration done in  the demonstrated exceptional operational

creation of a cutting-edge railway
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integrity and detection fidelity under a
range of operating situations.

Metric Value/Performance Level

Obstacle Detection Accuracy

environments

Track Gap Detection Accuracy ~85% using YOLO V12 visual analysis

Average Hazard Response 145 milliseconds

Time

Braking Command Execution < 160 milliseconds post detection

Delay

Mean Time Between Failures > 2500 hours under lab simulations and field trials

(MTBF)

Communication Integrity

conditions

Table:3 Detection and Response Metrics.

6.3 FUTURE SCOPE

By incorporating increasingly
sophisticated technologies including
next-generation communication

protocols, Internet of Things (loT)
devices, and predictive Al models, the
suggested railway accident prevention
system can be significantly enhanced in
the future. Important research topics
include improved sensor -calibration,
increased environmental adaptability,
and improved cybersecurity for

communication

ESPNOW. Because of its modular

systems such as
architecture, the system may be

modified to fit various railway
infrastructures across the world and
expanded for use in other forms of
transportation, such as buses or

subways. The goal of these

96.3% for static, 94% for dynamic obstacles in noisy

99.9% data packet integrity across adverse network
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developments is to improve the system's
intelligence, speed, and dependability in
order to reduce accidents and guarantee
passenger safety.
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