o ‘z;k‘h

b RS
”fﬁy International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 10 Issue: 04 | April - 2026

SJIF Rating: 8.659

ISSN: 2582-3930

Smart Railway Track Monitoring and Fault Detection

Prathamesh Khandalel, Tanish Kunjir2, Sudarshan Malode3, Sarika. S. Patil4,

1,2,3 Department of Electronics and Telecommunication Engineering

4Prof. Department of Electronics and Telecommunication Engineering

Zeal College of Engineering and Research, Pune, India

ksksk

Abstract -Railway transportation is a backbone of
modern infrastructure, but safety remains a major
challenge due to undetected track faults such as cracks,
misalignment, and obstacles. Traditional manual
inspection methods are inefficient, time-consuming, and
prone to human error. This paper presents the design and
implementation of a Smart Railway Track Monitoring
and Fault Detection System that enables real-time fault
detection and alerting. The system uses ultrasonic
sensors to continuously monitor track conditions by
measuring  distance  variations. An  ATmega8
microcontroller processes the sensor data and detects
faults based on predefined threshold values. When a
fault is identified, a GSM SIM900A module sends an
instant SMS alert to maintenance personnel. A 16x2
LCD display shows system status, while an L293D
motor driver with a BO motor simulates train movement
and demonstrates real-time response. The system
achieves approximately 95% accuracy with a 2-5
second alert delay, ensuring fast and reliable fault
detection. This solution is cost-effective, energy-
efficient, and suitable for improving railway safety by
replacing manual inspection with automated monitoring.

LLINTRODUCTION

Railway transport plays a vital role in global
transportation due to its efficiency, affordability, and
ability to carry large volumes of passengers and goods.
However, railway safety remains a major concern,
particularly due to track faults such as cracks,
misalignments, and obstacles. These faults, if
undetected, can lead to severe accidents, causing loss of
life and property.

Conventional railway inspection methods rely on
manual checking by maintenance personnel, which is
time-consuming and lacks real-time monitoring
capabilities. Moreover, human errors and delayed
detection increase the risk of accidents.

To address these limitations, an automated and
intelligent monitoring system is required. This paper
proposes a Smart Railway Track Monitoring and
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Fault Detection System that uses ultrasonic sensing
technology and GSM communication to detect faults in
real time and notify authorities instantly. The system
aims to enhance safety, reduce human intervention, and
improve operational efficiency.

2. SYSTEM ARCHITECTURE
The proposed system consists of four main subsystems:

I. Sensing Subsystem — Ultrasonic sensors are used to
detect railway track faults such as cracks, gaps, and
obstacles by measuring distance variations in real time.

I1. Processing Subsystem — ATmega8 microcontroller
is used for processing sensor data, performing threshold
comparison, and controlling system operations.

III. Decision and Control Subsystem — The system
applies threshold-based logic to identify faults. When
abnormal conditions are detected, it triggers necessary
actions such as stopping the motor and generating alerts.

IV. Communication Subsystem — GSM SIM900A
module is used to transmit real-time SMS alerts to
railway authorities and maintenance teams. A 16x2
LCD display is also used for local monitoring and status
indication.

The system follows a centralized control approach
where sensor data is collected and processed by the
microcontroller. Based on predefined logic, faults are
detected and alerts are sent in real time, improving
railway safety.
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3. SYSTEM PARAMETERS

System parameters define the important measurable
values used to evaluate the performance of the smart
railway track monitoring system. These parameters
include track condition detection using ultrasonic
sensors, response time, communication efficiency, and

system accuracy.

System parameters define the key measurable values
used to evaluate the performance and efficiency of the

railway track monitoring system.

The ATmega8 microcontroller processes sensor inputs
and transmits fault information through the GSM
Parameters
communication delay,

module.

such as

power supply,

detection

accuracy are considered for performance evaluation.

These parameters help in accurately detecting track
faults and ensuring timely alerts, thereby improving

railway safety and reliability.

range,
and system

S.N | Parameter Value Description
0
1 Controller ATmega8 Main
processing
unit
2 Sensor Type Ultrasonic Detects
Sensor cracks/obstacl
es
3 Detection 2-400cm Distance
Range measurement
range
4 Communicati | GSM(SIM900 | SMS alert
on A) transmission
5 Display 16*¥2 LCD System status
display
6 Motor Driver | L293D Controls
motor
operation
7 Response 2-5 sec Alert delay
Time time
8 Power Supply | 5V-12V System
operation
9 Accuracy ~85-95% Fault
detection
efficiency
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4, HARDWARE DESIGN

The hardware system is built around the ATmega8
microcontroller, which acts as the main control unit
for processing sensor data and controlling system

operations.

The system includes:
o Ultrasonic sensor for fault detection
* GSM SIM900A module for SMS alerts
. 16x2 LCD for status display

« L[293D motor
* Power supply unit
All  components are interfaced with the
microcontroller. The ultrasonic sensor detects track
faults, and the ATmega8 processes the data. A
regulated power supply ensures stable operation.
When a fault is detected, the system sends an alert
via GSM and stops the motor, ensuring safety.

driver with BO motor
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Fig. 2: Circuit Diagram of AgroMitra Al System

5. SOFTWARE AND Al MODEL
The software system consists
components

* Embedded C code for ATmega8 microcontroller
* GSM communication using AT commands
* LCD interfacing for real-time display

of the following

The system uses a logic-based model for fault detection
based on ultrasonic sensor data. The microcontroller
processes the measured distance values and compares
them with predefined threshold values to detect
abnormalities in the railway track.

The software part of the system includes embedded
programming on the ATmega8, communication control
using the GSM module, and a decision-making
algorithm. The ultrasonic sensor collects real-time
distance data, which is processed by the microcontroller
to identify faults. When a fault is detected, the system
sends an alert message and updates the system status on
the LCD display.
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6. LITERATURE REVIEW

* Deokar et al. (2020) developed an IoT-based railway
track monitoring system using ultrasonic sensors, but the
system was limited to basic fault detection and lacked
real-time alert mechanisms.

* Nowak (2021) proposed a vibration-based railway
fault detection system, which could detect internal
defects; however, it was complex and sensitive to
environmental noise.

* Hashmi et al. (2022) introduced a deep learning-based
railway inspection system using image processing, but it
required high computational power and large datasets.

* Alawad (2018) implemented a wireless sensor network
for railway monitoring, yet the system had high cost and
power consumption issues.

* Kumar et al. (2023) developed a GSM-based alert
system for railway safety, but it lacked integration with
real-time sensing mechanisms.

» Singh et al. (2024) proposed an Al-based predictive
maintenance system, but it was expensive and not
suitable for low-cost deployment in rural areas.

» Patel et al. (2022) proposed a GPS-based railway
monitoring system for fault localization, but the system
focused only on tracking location and did not provide
real-time fault detection or alert mechanisms.

Gap Identified Proposed Solution

Uses GSM module for
instant SMS alerting

Systems only detect
faults without real-time
alerts

High complexity in
based systems Uses simple and efficient

threshold-based logic

Provides cost-effective
embedded system design

Lack of low-cost
sloutions

Enables continuous real-time
monitoring using sensor

Limited real-time
monitoring

Systems focus on
detection

Integrates detection, alerting,
and control(motor stopping)

Table 2: Gap Analysis and Proposed Solution
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7. WORKING METHODOLOGY

I. The ultrasonic sensor continuously scans the railway
track by transmitting ultrasonic waves and receiving the
reflected signals from the track surface.

II. The time taken for the echo to return is measured, and
the distance is calculated by the ATmega8
microcontroller using the speed of sound.

III. The calculated distance value is compared with
predefined  threshold  values stored in the
microcontroller.

IV. If the measured distance lies within the normal
range, the system identifies the track condition as safe
and continues monitoring.

V. If the distance deviates from the threshold value, the
system detects it as a fault such as a crack, gap, or
obstacle on the track.

VI. Once a fault is detected, the microcontroller
immediately sends a signal to the motor driver to stop
the BO motor, simulating train stoppage to prevent
accidents.

VII. Simultaneously, the GSM SIM900A module is
activated, and an SMS alert is sent to the railway
authorities indicating the fault condition.

VIIL. The 16x2 LCD display shows the current status of
the system, such as “Track Normal” or “Fault Detected,”
for real-time monitoring.

IX. After sending the alert, the system continues to
monitor the track continuously for further changes.

The working methodology is based on a centralized and
automated control system, where the ATmega8
microcontroller acts as the core processing unit. The
system operates without human intervention and ensures
continuous monitoring of railway track conditions.

The ultrasonic sensor plays a crucial role by providing
real-time distance measurements. These measurements
are analyzed using a threshold-based logic, which
enables fast and efficient fault detection without
requiring complex computations.

The integration of GSM communication ensures that
alerts are transmitted instantly, reducing response time.
Additionally, the automatic motor stopping mechanism
demonstrates the system’s capability to prevent potential
accidents.

Overall, the system ensures real-time fault detection,

rapid response, and improved railway safety, making it
suitable for practical deployment.
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8. ANALYSIS AND DESIGN LOGIC

The fault detection system is based on threshold logic
and real-time sensor analysis:

« If distance is within normal range — Track is normal
* If distance is less than threshold — Possible crack or
gap detected
» If distance is greater than threshold — Obstacle
detected on track

Example Logic:

If (Distance < Threshold) — Crack/Gap detected
If (Distance > Threshold) — Obstacle detected
If (Distance =~ Normal Value) — Track is safe

The system improves detection accuracy by
continuously analyzing sensor data and comparing it
with predefined reference values.

The analysis is performed by the ATmega8
microcontroller, which processes real-time inputs from
the ultrasonic sensor and generates appropriate
responses.

Additionally, a threshold-based logic is used as the
primary decision-making mechanism, where predefined
distance values determine whether the track condition is
normal or faulty. This ensures fast and reliable fault
detection without requiring complex computations.

9. OBSERVATIONS

The system successfully detected railway track faults
such as cracks, gaps, and obstacles in real time.

* The ATmega8 microcontroller provided stable data
processing and reliable system control.

* The ultrasonic sensor accurately measured distance
variations and detected abnormalities on the track.

* The GSM SIM900A module successfully sent real-
time SMS alerts to the concerned authorities

* The system effectively stopped the motor upon fault
detection, demonstrating accident prevention capability.

* Performance may vary slightly depending on sensor
accuracy and environmental conditions.

* The system showed high accuracy (approximately 90—
95%) in detecting faults under controlled conditions.

* Slight performance variations were observed due to
environmental conditions such as uneven surfaces,
sensor alignment, and external noise.

© 2026, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM59977 |

10. RESULTS AND DISCUSSION

The system was tested under different soil conditions.
Observations include:

* Accurate detection of track faults such as cracks, gaps,
and obstacles

* Reliable communication using GSM module for real-

time alerts
* Effective motor control mechanism to stop movement
during fault conditions

* Reduction in risk of railway accidents through early
fault detection

The system achieved an accuracy of approximately 90—
95%, making it suitable for real-time railway safety
applications.

The system was tested under various simulated track
conditions and successfully detected faults using
ultrasonic sensors with good accuracy. The ATmega8
microcontroller processed the data efficiently, and the
GSM module transmitted alert messages reliably within
a delay of 2—5 seconds. The LCD display provided real-
time system status, improving monitoring capability.

The results show that the system can significantly
improve railway safety by enabling early fault detection
and quick response. However, performance may vary
depending on sensor alignment, environmental
conditions, and surface irregularities, indicating scope
for further improvement.

11. CONCLUSION

. This paper presents a Smart Railway Track Monitoring
and Fault Detection System for real-time detection of
track faults and accident prevention. The system
successfully integrates embedded systems and
communication technologies to provide continuous
monitoring of railway track conditions.

It uses ultrasonic sensors for fault detection, an
ATmega8 microcontroller for processing, and a GSM
module for instant alert transmission. The system
improves railway safety by detecting cracks, gaps, and
obstacles at an early stage and taking immediate action
such as stopping the motor and sending alerts.

The proposed system is cost-effective, reliable, and easy
to implement, making it suitable for real-time railway
safety applications. It reduces dependency on manual
inspection and enhances the efficiency of railway
maintenance systems.
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12. FUTURE SCOPE

Future enhancements include:
* Integration with GPS module for accurate fault

location tracking
* Implementation of IoT-based cloud monitoring for

remote data access
e Use of advanced AI/ML models for predictive
maintenance of railway tracks
* Development of a mobile application for real-time

alerts and monitoring
» Upgradation to 4G/5G or LoRa communication for
faster and reliable data transmission

* Integration of solar power for energy-efficient and
sustainable operation
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