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Introduction:

Traditional structural health monitoring (SHM) of rail bridges in India relies on visual
inspections, manual instrumentation, and periodic load testing as per Indian Railways Bridge
Manual guidelines. These methods usually focus on strain, deflection, and dynamic
responses without advanced automation, and are often labour-intensive, expensive, and
prone to human error. The challenge lies in achieving accurate data acquisition with
affordable hardware, without compromising system performance.

In this work, a cost-effective “Al-Integrated loT-based Structural Health Monitoring of
Railway bridges” sensor system using convolutional neural network (CNN) is discussed.
This system uses an ESP8266 microcontroller interfaced with an MPU6050 6-axis Inertial
Measurement Unit (IMU) sensor, along with convolutional neural network (CNN), a type of
deep learning algorithm that is used to capture real-time accelerometer and gyroscope data
for SHM. This enables remote monitoring of vibration, tilt, and dynamic structural responses

on bridges.
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Figure 1: MPU sensor dashboard
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Objectives:

1.

2.

To design and develop a cost-effective sensor system utilizing ESP8266 and
MPUG6050 for capturing 6-axis motion data.

To implement real-time data acquisition and wireless transmission capabilities for
continuous monitoring.

To create waveform visualization of accelerometer and gyroscope data for
intuitive understanding of structural behaviour

To develop a four-layer CNN (Convolutional Neural Network) model for pattern
recognition, anomaly detection, and classification of vibration signatures.

Methodology:

1.

Signal acquisition: At the core, the MPUG050 6-axis IMU sensor measures motion
using its 3-axis accelerometers and 3-axis gyroscopes to deliver real-time 100 Hz
sampling of structural dynamics up to 500 Hz bandwidth, producing raw
vibration/rotation data.

. Data collection and transmission: The ESP8266 receives this raw sensor data

from the MPUG6050 over a digital interface (typically I*C), performs basic
preprocessing (filtering, scaling, packetizing), and sends the processed data
onward.

Neural network processing: The pre-processed motion data from the ESP8266 is
fed into a convolutional neural network (CNN), which extracts features and
classifies patterns (for example, different vibration states or fault conditions).

. Output visualization: The CNN'’s output is used to generate a waveform or similar

graphical representation, which is then shown on a waveform display for
monitoring and interpretation.

Result and Conclusion:

In conclusion, the proposed system demonstrates how the integration of loT-based sensing
technologies with Al-driven analytics can revolutionize structural health monitoring of railway
bridges. By continuously capturing strain, vibration, and environmental data through
distributed sensors, and applying intelligent algorithms for anomaly detection and predictive
insights, the framework ensures enhanced safety, reliability, and operational efficiency.
Unlike traditional inspection methods, this approach enables real-time monitoring, early fault
detection, and proactive maintenance, thereby reducing downtime and preventing
catastrophic failures. Ultimately, this work contributes toward building resilient, sustainable,
and intelligent railway systems that align with the future of Industry 4.0 and smart cities.
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Future Scope:

The future scope of this project includes:

1. Integration with Railway Operations: Link the monitoring system with railway traffic
management platforms to automatically adjust train speeds or reroute traffic when
structural risks are detected.

2. Sustainability and Energy Efficiency: Explore solar-powered IoT nodes and low-
power communication protocols (LoRa, NB-loT) to ensure long-term, eco-friendly
deployment.

3. Multi-Sensor Fusion: Enhance monitoring accuracy by integrating diverse sensors (
accelerometers, ultrasonic sensors, thermal cameras) for holistic structural health
assessment.

4. Global Adaptability: Adapt the framework for different geographies and bridge types
(steel, concrete, composite), making it applicable to all kinds of railway infrastructure
projects.
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