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Abstract - The Bridge and Boat Monitoring System is
intended to improve safety and operational efficiency of both
bridges and waterways, through two integrated modules: the
Bridge and the Boat. It is a Bridge Module made by Arduino,
equipped with IR sensors for detecting any vehicle
approaching, a load cell to monitor weight, a water level sensor
and motorized gates to gain access under control. The Boat
Module, which is also Arduino-based, contains a wet sensor
and a tilt sensor (ADXL345) to detect water entry and ensure
stability. For crack detection and structural health assessment
of the bridge, the system utilizes YOLO v5, which is a state-of-
the-art deep learning algorithm that can accurately and timely
identify problems. Zigbee technology provides seamless
wireless communication, allowing for realtime data sharing to
support proactive maintenance and informed decision-making.

Key Words: Crack detection, YOLOVS, Structural health,
Zigbee, Arduino.

1.INTRODUCTION

Bridges are important parts of any transport infrastructure,
which actually links regions together and enables the smooth
movement of goods and people. However, such infrastructures
face many challenges and threats, including heavy loads due to
traffic, adverse weather conditions, and natural calamities like
floods. Such causes lead to a compromise of bridge structure
integrity, thus making necessary health monitoring to be
constant and safe. A robust, real-time monitoring system is
necessary for early detection of potential threats and for timely
intervention to prevent catastrophic failures.

With the growth of urbanization and more complicated
networks of transportation, there has been an ever-growing
importance in keeping infrastructure safe and reliable.
Advances in recent years in sensor technology, wireless
communication, and data analytics enable the development of
IoT-based monitoring systems. Such systems give out minute
details on the health status of structures and surrounding
environmental conditions, which enable proactive risk
mitigation measures.

The Bridge and Boat Monitoring System addresses the critical
challenges facing the safety of bridges and their effective
operation. It combines data collection and analysis in real time
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to monitor the physical condition of the bridges and
environmental factors that can pose a threat to them. Its
innovative approach reaches beyond traditional inspection
methods to integrate advanced technologies for the continuous
surveillance of structures for predictive maintenance and early
structural problem detection.

The system monitors conditions such as water levels, strong
winds, and floods, which improves safety and automatically
sends alerts in conditions that are adverse. Lastly, it helps
ensure that boats carrying out operations near bridges do not
capsize or have accidents because they monitor water ingress
and tilt and minimize the risks.

The system can give actionable, real-time data to empower
decision-makers in optimizing traffic management, emergency
responses, and maintenance schedules. Scalable and adaptable,
the system can be customized for different types of
infrastructure, thus becoming a versatile solution for
monitoring bridges and transportation networks.

By improving safety, reducing maintenance costs, and
extending the lifespan of infrastructure, the Bridge and Boat
Monitoring System offers a comprehensive and
forwardthinking approach to safeguarding critical
transportation assets for future generations.

2. METHODOLGY
2.1 System Architecture

The proposed system is specifically designed for real-time
monitoring of structural and environmental conditions,
integrating sensor data collection, intelligent processing, and
automated notification mechanisms. A range of sensors capture
critical parameters such as the structural integrity,
environmental changes, and potential hazards.
Microcontrollers, advanced image processing techniques, and
machine learning models help process this data to ensure high
accuracy in detecting anomalies and assessing risks. Wireless
communication ensures efficient data transmission between the
components, while real-time notifications are forwarded to
authorities through automated messaging platforms. This
robust and scalable solution supports proactive safety
management in terms of the ability to respond promptly and
adaptability to various monitoring scenarios.

Page 1


https://ijsrem.com/

s \3*

IJ:S&;E International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

W Volume: 09 Issue: 12 | Dec - 2025

~lar
g Loy ¥ Lond v Fa - e B o
= '—.—n-|',l,v - -
Setpe ot e~
! i
oo, - =
1 )
W0 -
Aot iyt
e iyts,
Teepes i tute )
ars=

Fig. 1 System Architecture

The system integrates three core modules—Bridge, Boat, and
Monitoring—each designed to enhance safety and operational
efficiency.

2.2 Bridge Module

The Bridge Module (Fig. 2) manages traffic, monitors bridge
integrity, and prevents structural overloading. It incorporates
IR sensors for vehicle detection, ensuring efficient traffic
management. A load cell weighs the automobiles, and if the
load crosses safety thresholds, it triggers the motorized gates.
Another sensor, which monitors the water below the bridge,
detects the overflow risks and sends alerts to operators in case
unsafe levels are found. It addresses critical challenges in
realtime to ensure that users are safe while using the bridge. As
mentioned in Sec. 2.4, all data from the Bridge Module is
transmitted to the central monitoring system via wireless
communication for smooth integration.

Fig.2 Bridge Module

2.3 Boat Module

The focus of the Boat Module (Fig. 3) is on vessel safety. It
makes use of a wet sensor to report water ingress and an
ADXL345 tilt sensor that monitors stability. The data is
processed online and alerts are generated on detection of
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abnormal conditions. Buzzer provides instantancous audible
alert and LCD shows the critical stability information. The
NodeMCU also sends messages to concerned authorities as
elaborated in Sec. 2.5. This integration ensures risks like
capsizing or flooding are avoided in advance.

Fig.2 Boat Module

2.4 Monitoring System

The Monitoring System integrates the Bridge and Boat
Modules to operate under central control and management. It
monitors structural health through high-resolution camera
sensors with the YOLOvV5 deep learning algorithm for crack
detection. Images taken by the camera are analysed by the
YOLOVS algorithm for recognition and classification of cracks
on the surface of the bridge. Figure 4 shows the system to
assure real-time processing of the data collected and sending
off alerts in support of preventive maintenance.Zigbee
technology provides wireless communication between
modules, allowing for reliable data transfer to the monitoring
hub. The NodeMCU processes this data and integrates with
Telegram for real-time notifications, as described in Sec. 2.5.

Fig. 4 Crack Detection

2.5 Communication and Data Flow

Page 2


https://ijsrem.com/

w Volume: 09 Issue: 12 | Dec - 2025

2 International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

The system uses Zigbee for efficient wireless data transfer
between the Bridge and Boat Modules and the monitoring hub.
This arrangement ensures that seamless communication can be
established over distance, as shown in Fig.5. The NodeMCU
plays a central role in this structure as it provides Wi-Fi
connectivity and interfaces with Telegram's API to send alerts.
For instance, when an overloaded vehicle or crack is detected
(Sec. 2.4), Telegram notification ensures timely intervention by
authorities.

2.6 Key Components .
2.6.1 Sensors and Hardware .

Multiple sensors are employed in this system, including IR
sensors for detecting the vehicle, a load cell for the
measurement of weight, water level sensors, and tilt sensors for
ensuring boat stability as shown in Fig.3. Such components
ensure real-time monitoring and automatic responses.

2.6.2 Software and Algorithms

Embedded C programs microcontrollers to process sensor data,
ensuring seamless hardware-software interaction. Python is
used with YOLOVS for crack detection, supported by libraries
like OpenCV and ultralytics. These algorithms, as shown in Eq.
(1), optimize detection and classification accuracy.

2.6.3 Data Processing

Zigbee transmits the data wirelessly to the NodeMCU, which
processes it and forwards for notifications. According to Sec.
2.5, this means continuous module communication with the
central hub.

2.7 Advantages

The system improves safety due to real-time monitoring,
predictive maintenance, and minimal human intervention. As
mentioned in Sec. 2.6, its modular design makes it scalable,
adaptable, and efficient for diverse infrastructure.

3. CONCLUSIONS

The Bridge and Boat Monitoring System is an advanced
solution designed to enhance the safety and efficiency of
bridges and waterways by leveraging IoT, Al, and real-time
communication. It addresses key challenges like vehicle weight
management, flood risk detection, boat stability monitoring,
and structural health assessment. The system integrates three
modules: the Bridge Module, which controls traffic flow and
monitors structural integrity using sensors like IR, load cells,
and water level detectors; the Boat Module, which ensures
vessel safety through wet and tilt sensors; and the Monitoring
System, which employs YOLOvS5 for crack detection and
predictive maintenance.

Wireless communication via Zigbee and real-time alerts
through Telegram enable authorities to respond promptly to
risks, minimizing maintenance costs and reducing human
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intervention. Scalable and adaptable, the system supports
diverse infrastructure needs. Future enhancements could
include additional sensors, advanced machine learning for
anomaly detection, and renewable energy integration for
sustainable operations.
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