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AI Based Acoustic Wave Monitoring of Rail Defects Like Cracks, Fracture and Prediction for Rail
https://www.youtube.com/watch?v=vQ2OCUQ2sLs
This project presents an intelligent system for real-time monitoring and prediction of railway track defects such as cracks and fractures using acoustic wave analysis. The system is designed to enhance railway safety by continuously analyzing sound patterns generated along the track.

In the proposed model, sound sensors are placed on both sides of the railway track to capture acoustic signals produced due to vibrations and structural inconsistencies. These signals are processed by an ESP32 microcontroller, which performs initial data acquisition and filtering. The processed data is then transmitted to a Raspberry Pi Zero 2W for advanced analysis using AI algorithms to detect abnormal acoustic signatures indicating potential defects.

A GPS module is integrated to provide precise location information of detected faults, enabling quick maintenance response. When a defect is identified, the system automatically sends an email alert with the exact GPS location (latitude and longitude), date, and time, along with a Google Maps link for easy navigation. The email recipient details can also be updated dynamically through the web interface, ensuring flexible communication.

The system also includes buzzers for local alerts when anomalies are detected. Data is displayed locally on an LCD via I2C communication. For remote monitoring, the system uploads data to a web dashboard, allowing users to visualize acoustic wave patterns and defect predictions in real time.

The entire system is powered using a battery supply regulated by an LM2596 module. Relay-controlled DC motors can be integrated for automated responses if required. This solution provides a cost-effective, scalable, and efficient method for predictive maintenance of railway tracks, reducing accidents and improving operational reliability.
The main objectives of the project are:
  To detect railway track cracks and fractures using acoustic (sound) signals. 

  To monitor track conditions in real time using sensors and AI. 

  To identify abnormal sound patterns indicating defects.
  To send email alerts with location (GPS coordinates) when a fault is detected. 

  To display system status and alerts on an LCD. 

  To upload data to a web dashboard for remote monitoring. 

  To provide early warning using buzzers for nearby alert.
  To improve railway safety and reduce accidents. 

  To enable quick maintenance using accurate fault location information.
The main building blocks of the project are:

1. Battery Power Supply.

2. LM2596.

3. Raspberry pi Zero 2W.

4. Esp32 Microcontroller.

5. GPS receiver.

6. Relay with DC motors.

7. TWO Buzzers.
8. TWO Sound sensors.
9. LCD display.

Software’s used:

1. Raspbian OS.

2. Arduino IDE Studio Compiler for Embedded C programming.

3. Express SCH for Circuit design.
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