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Introduction:

Bridges that serve both roadway and waterway traffic require efficient control
systems to ensure safety and smooth operation. Conventional bridge mechanisms often
depend on manual or semi-automatic control, which may result in traffic delays, human
error, and increased accident risk. With the growth of maritime and road traffic, there is a
need for intelligent and automated bridge management systems. This project, Intelligent
Bridge Monitoring System with Real-Time Sensors, presents an automated bridge control
solution using an Arduino Uno and ultrasonic sensors. The system detects approaching
ships, temporarily blocks vehicular movement by closing gates, and lifts the bridge using
servo motors to allow ship passage. Once the ship crosses the bridge, the system
automatically lowers the bridge and reopens the gates. Additionally, a Bluetooth-based
mobile application provides real-time information on ship distance and estimated arrival
time. The proposed system is cost-effective, reliable, and suitable for smart transportation
and intelligent infrastructure applications.

Objectives:

1.  To design an automated bridge monitoring system inspired by the Pamban
Bridge mechanism for safe coordination of ship and vehicle movement.

2. To implement microcontroller-based gate control with automatic activation of
LED signals and buzzer alerts.

3. To ensure multi-level safety through visual indicators, audio warnings, and
controlled vehicle stoppage.

4. To provide wireless real-time monitoring of ship distance and alerts using a
Bluetooth-based mobile application.
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Methodology:
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Figure 1: Block diagram of the project
The implementation of the Intelligent Bridge Monitoring System is divided into the following
sequential steps:

Power Regulation: The system utilizes a 12V DC power source. A buck converter or
power module regulates this to 5V for the Arduino Uno and sensors, while maintaining a
high-current 12V line to power the high-torque MG996R servo motors responsible for lifting
the bridge.

Sensor Interfacing and Data Acquisition: Two HC-SRO04 ultrasonic sensors are
interfaced with the Arduino. Sensor 1 is placed at the entry point to detect approaching
ships, and Sensor 2 is placed at the exit. These sensors constantly emit ultrasonic waves
to calculate the distance of objects in real-time.

Trigger Logic Implementation: The Arduino is programmed with a specific "threshold
distance." When Sensor 1 detects an object within this range, it triggers the "Ship Arrival"
sequence. This logic prevents the system from reacting to small debris or waves.

Safety Signaling and Traffic Control: Upon detection, the Arduino immediately switches
the traffic LED from green to red and activates a piezo buzzer. After a short safety delay,
two SG90 servo motors rotate to 90 degrees to lower the physical traffic gates, stopping
road vehicles.
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Bridge Actuation: Once the gates are secured, the Arduino signals the two high-torque
MG996R servos. these motors rotate in synchronization to lift the bridge deck to a vertical
position, allowing the ship to pass.

Remote Monitoring via Bluetooth: Throughout the process, the HC-05 Bluetooth module
transmits real-time status updates (e.g., "Ship Detected," "Bridge Opening") to a mobile
application, allowing for remote supervision of the infrastructure.

Reset Sequence: When the ship passes the second ultrasonic sensor (Sensor 2), the
Arduino initiates the closing sequence. The bridge is lowered, the traffic gates are raised,
and the signal light returns to green, restoring normal road traffic flow.

Result and Conclusion:

Accurate Ship Detection the ultrasonic sensors successfully detected the arrival and
departure of ships within the predefined distance threshold. Distance measurement was
consistent and responsive in real-time operation. Automatic Traffic Control Road traffic
gates were automatically closed when a ship approached and reopened after the ship
passed. This eliminated the need for manual intervention during bridge operation. Smooth
Bridge Lifting Mechanism the bridge lifting and lowering mechanism operated smoothly
using high-torque servo motors. Controlled motion ensured stable and safe bridge
movement without sudden jerks. Effective Warning System The red LED and buzzer
provided clear visual and audible alerts during gate closure and bridge lifting. The green
LED accurately indicated normal traffic conditions. The Bluetooth-based mobile application
displayed real-time ship distance and estimated arrival time. This enhanced system
monitoring and improved situational awareness. Reliable System Operation The system
performed consistently during repeated testing cycles. No significant delay or malfunction
was observed during normal operation.

In conclusion,

The Intelligent Bridge Monitoring System with Real-Time Sensors successfully
demonstrates an automated solution for managing bridge operations at road—waterway
intersections. By integrating an Arduino Uno with ultrasonic sensors, servo motors, and
alert mechanisms, the system effectively detects ship movement and controls traffic gates
and bridge lifting operations without human intervention. The inclusion of visual and
audible indicators enhances safety for road users, while the Bluetooth-based monitoring
feature provides real-time distance and arrival information. The project highlights the
practical application of embedded systems and automation in intelligent transportation
infrastructure. Overall, the developed system offers a reliable, cost-effective, and scalable
approach to improving traffic safety and operational efficiency, making it suitable for smart
transportation and smart city applications.
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Future Scope:

The future scope of this project includes:

1.

loT-Based Remote Monitoring: The system can be enhanced by integrating
Internet of Things (loT) technology to enable remote monitoring and control of
bridge operations through cloud platforms and web dashboards.

Advanced Ship Detection Technologies: Ultrasonic sensors can be replaced or
supplemented with advanced sensing technologies such as radar or LiDAR to
improve detection accuracy under adverse weather and water conditions.
GPS-Based Ship Tracking: Incorporating GPS modules can allow precise tracking
of ship location and speed, enabling more accurate prediction of arrival time and
smoother traffic management.
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