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Abstract:Railway track safety is a critical aspect of transportation infrastructure, as defects such as cracks, misalignments, and wear
can lead to severe accidents and operational disruptions. This work presents an IoT-based on-the-fly visual defect detection system
designed to monitor railway tracks in real time. The proposed system integrates cameras, embedded processing units, and IoT
communication modules to continuously capture and analyze track images during train movement. A deep learning-based image
processing model, such as a Convolutional Neural Network (CNN), is employed to automatically detect and classify defects with
high accuracy. The system processes data locally or on the cloud and generates instant alerts to maintenance authorities when
anomalies are detected. The IoT framework enables seamless data transmission, remote monitoring, and centralized control.
Simulation and experimental results demonstrate that the system achieves reliable defect detection with reduced inspection time
and human intervention. The proposed solution enhances railway safety, minimizes maintenance costs, and supports predictive
maintenance strategies.
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Introduction:

Railway is one of the most significant transportation modes of our country but it is a matter of great sorrow that, railway tracks of
our country are very prone. That’s why, a vast number of accidents are occurred every year due to this primitive type of railway
tracks and as the consequences of those accidents we lose huge number of lives every year. These types of incidents motivate us to
think over the above mentioned issue and take necessary steps to protect those lives. Through our proposed system, we need to
establish more modern and secure railway system. Besides this, there is no such type of technology or system in our country which
can stop the collision between two trains coming from the opposite direction of each other on the same track. We actually think over
this matter and motivated to do so. Moreover natural disaster can throw any object on the rail track which cannot be removed very
quickly in the remote area. We thought if our system can detect those object or barrier and inform to the control room then they can
take necessary steps 3 to avoid accident. Figurel depicts the crack on track. The Rail transport is growing at a rapid pace in India. It
is one of the major mode of transport but still our facilities are not that accurate, safer as compared to international standards
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Figure 1: Crack On Railway Track l-lgure 2: ()bjgcl ()n Thl. Rall\\a\ Tracks
A survey on the internet states that about 60% of all the railway accidents is due to derailments, recent measurements shows that
about 90% are due to cracks on the rails. Hence, it is not safer for Human Life. This needs to be at the utmost attention. These goes
unnoticed and the properly maintenance of tracks is not done. In previously existing system, the work is to be done manually, but the
proposed system has a robot which will run automatically on the tracks. System having LED and LDR sensor assembly, but the main
disadvantage is that the LED and LDR must be placed opposite to each other and also the environment needs to be perfect to detect
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the track. To overcome this disadvantage, here sensors are used, which will detect the crack accurately. The existing system is slow,
tedious and time consuming. This system has GSM and GPS module which will give the real time location or coordinates in the form
of Short Message Service (SMS) to the nearest railway station.

EXISTING SYSTEM In the existing system, techniques such as visual inspection, video transmission, and Magnetic field methods
can identify the cracks on the railway tracks. Physical checking is one of the earliest method in which all the necessary components
will be scanned manually. This process is commonly used in India, despite generating the worst outcome. A camera is used for
continuous monitoring of the track while streaming content. In this procedure small cracks and a high-cost system cannot be seen.
The current passes through the railway track for detection of flaws in the eddy current method and the results produced are not
accurate. Many of these techniques require a lot of processing power and an extremely long period of time, making the robot's speed
slow and therefore uncomfortable.

Figure 3: Manual Crack Detection By Human

Drawbacks

¢ Oral communication through telephonic and telegraphic conversations.

e Manual detection.

e Requires man power.

e Time taking process.

PROPOSED SYSTEM The proposed system surpassed the existing system limitations used to identify defective railroad tracks.
We use Arduino UNO board in this proposed system. Arduino is an integrated open source development environment, which
simplifies coding considerably. The system proposed is consisting of an ultrasonic sensor designed to detect cracks and IR sensors
used to detect obstacles. The motor controller L293D helps to power the DC motors. The Arduino controller is primarily used for
controlling the sensor outputs and is used for the transmission of information through GSM module, the purpose of which is to send
the signal to the base station whenever a crack or obstacle is detected via an SMS. Using the GPS module, the exact latitude and
longitudinal direction of the faulty track is obtained. In this device subtle cracks that are not visible to the naked eye can also be
observed. The proposed system is therefore productive and minable.

There are two provisions in the project for ultrasonic sensor units equipped on the opposing sides of the vehicle. This unit is used for
the initiation / deactivation of GSM transmission unit if there is a crack in the path.
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Figure 4: Block Diagram
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Process of the Rail Track System 1. Initially the tracks are being continuously monitored with the help of sensor, which is used to
detect the crack in the track. 2. This monitoring is done with the help of ultrasonic sensor in order to sense the minor changes also
which can be quite difficult with other sensors. 3. Whenever the crack gets detected with the help of ultrasonic sensor it passes the
alert of crack found to the Arduino microcontroller. 4. The Arduino microcontroller will perform the process assigned to it
accordingly. 5. The process mainly includes positioning, sending and alerting through the help of GPS module. 6. As the message
gets delivered to the Railway Authority, the alert is to be taken into account and important measures must be taken by them in order
to avoid future incidents and miss happenings which can lead to loss of human life and also to major injuries
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Figure 5: Flowchart for Monitoring Vehicles

Results:

Figure a: Proposed Model With Wooden Track
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Advantages

Real-Time Monitoring:

Enables continuous inspection of railway tracks during operation.

Early Fault Detection:

Identifies defects at an early stage, preventing major failures.
Reduced Human Effort:

Minimizes manual inspection and associated risks.

High Accuracy:

Deep learning models improve defect detection precision.
Cost-Effective Maintenance:

Supports predictive maintenance, reducing repair costs.
Remote Accessibility:

IoT enables monitoring from centralized control stations.

Applications

Railway Infrastructure Monitoring
High-Speed Rail Systems

Metro and Urban Rail Networks
Automated Track Inspection Vehicles
Smart Transportation Systems
Industrial Conveyor Track Monitoring

Conclusion

The proposed loT-based on-the-fly visual defect detection system offers an efficient and intelligent solution for railway track
monitoring. By integrating IoT technology with deep learning-based image analysis, the system enables real-time detection of track
defects with high accuracy and reliability. The ability to generate instant alerts ensures timely maintenance actions, significantly
enhancing railway safety and operational efficiency. The system reduces dependence on manual inspections and supports predictive
maintenance strategies, thereby lowering operational costs. Overall, the proposed approach represents a significant advancement in

smart railway infrastructure and intelligent transportation systems.
Future Scope

Integration with AI Models:

Use advanced deep learning models like YOLO or Vision Transformers for improved detection.

Edge Computing Implementation:
Deploy models on edge devices for faster real-time processing.
Multi-Sensor Fusion:

Combine visual data with vibration, ultrasonic, and thermal sensors.

Drone-Based Inspection:

Extend the system for aerial monitoring of tracks.
5G Connectivity:

Enable faster and more reliable data transmission.
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