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Abstract

The automated flood safety system for
river bridges is an essential innovation
aimed at protecting public safety and
infrastructure in flood-prone areas. By
integrating ~ water level Sensors,
microcontrollers, communication modules,
and cloud storage, the system enables real-
time monitoring and timely alerts during
high water flow conditions. This proactive
approach reduces the risk of accidents,
minimizes damage to bridges, and
supports disaster management efforts
through remote accessibility and data-
driven  decision  making. Despite
challenges such as initial  costs,
maintenance needs, and communication
limitations in remote areas, the benefits of
continuous, automated flood detection and
multi-channel alerting significantly
outweigh these issues. With scalable and
cost-effective technology, this system
contributes to  safer transportation
networks and smarter urban and rural flood
management. Overall, the project offers a

practical and impactful solution for

enhancing resilience against flood hazards
on river bridges, ultimately saving lives
and protecting valuable infrastructure. This
comprehensive system exemplifies the
promising  intersection  of  sensor
technology, IoT, and automation in

addressing critical environmental and

public safety challenges.
I. INTRODUCTION

Floods are among the most destructive
natural disasters worldwide, causing
substantial loss of life, property damage,
and infrastructure failures. River bridges
located in flood-prone regions are
particularly vulnerable during periods of
heavy rainfall and excessive river flow.
Low-water crossings and causeways often
become submerged, creating dangerous

conditions for motorists and pedestrians.

Conventional flood warning systems
primarily depend on manual inspection
and visual observation, which may not
provide timely warnings during sudden
flash floods. In many rural and semi-urban

regions, the absence of automated
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monitoring systems increases the risk of

accidents.

Recent advances in sensor technology,
wireless communication, and Internet of
Things (IoT) platforms provide
opportunities to develop intelligent flood
monitoring and bridge safety systems.
Automated systems can continuously
monitor environmental conditions and take
immediate  action when  hazardous

situations arise.

This paper presents an Automated Safety
System for River Bridges that combines
automated

sensor-based  monitoring,

barrier operation, and wireless
communication technologies to protect the
public during floods and high-water-flow

events.
EXISTING SYSTEM

Currently, most river bridge safety systems
rely on conventional manual monitoring
and alert methods during floods. In many
regions, authorities measure water levels
using marked gauges fixed to bridge
pillars, and visual inspections are carried
out to determine whether water levels have
crossed danger limits. Alerts are then
communicated through human
intervention, such as contacting local

offices or using sirens operated manually.

These methods often result in delayed

responses, especially during night hours or

unexpected flash floods
PROPOSED SYSTYEM

The Newness and uniqueness of this
innovation is it is Completely an Oft-Grid
and Self Sustained technology depending
entirely on solar power with no reliance on
external electricity or diesel generators
which is best suited for remote, rural, and
disaster-prone locations where grid failure
or inaccessibility is common during
floods. It mainly focusses on bridges and
river crossings which are Compatible with
Smart Village and Climate Resilience
Goals. The Low-cost design, usage of
renewable energy, alerting and
communication

system  makes this

innovation idea unique .
II. LITERATURE REVIEW

Several flood monitoring systems have
been developed using wireless sensor
networks and IoT technologies. Traditional
approaches employ water-level sensors
combined with alarm systems to notify
nearby residents. However, these systems
often lack automated traffic control

mechanisms.

Research on smart bridge monitoring has
introduced camera-based and radar-based
flood detection methods. Although

effective, such systems involve higher
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installation and maintenance costs. Recent
IoT-enabled flood warning systems utilize
GSM communication and cloud-based
monitoring to improve accessibility and

response times.

Machine learning and artificial intelligence
techniques have also been explored for
flood prediction. However, for immediate
public safety applications, reliable real-
time detection and automatic barrier
control remain the most critical

requirements.

The proposed system integrates multiple
sensing technologies with automated
bridge access control, providing a

comprehensive safety solution.

III. PROPOSED SYSTEM

Fig 1. Block Diagram
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Fig 2. Design model

This circuit represents a simple water level
monitoring system built using an Arduino
Uno and an HC-SR04 Ultrasonic Sensor.
The ultrasonic sensor is placed above the
water surface and measures the distance to
the water by sending and receiving sound
waves. This distance is sent to the
Arduino, which processes the data to
determine the water level. Based on the
measured level, the Arduino controls a set
of LED indicators and a buzzer. When the
water level is low, the green LED glows;
for a medium level, the yellow LED turns
on; and when the water reaches a high or
critical level, the red LED lights up along
with the buzzer to provide an alert. The
entire system is powered by a 9V battery.
Since the GSM communication module
and LCD display are removed, the system
operates only with local alerts, making it
simpler, cost-effective, and suitable for
basic water level indication without remote

monitoring or display output.

Working Principle
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The working principle of this circuit is
based on ultrasonic distance measurement
and decision-making using a
microcontroller. The HC-SR04 Ultrasonic
Sensor emits high-frequency sound waves
toward the water surface when triggered
by the Arduino Uno. These sound waves
travel through the air, hit the water surface,
and reflect back to the sensor. The sensor
then sends a signal back to the Arduino
indicating the time taken for the echo to
return. Using this time, the Arduino
calculates the distance between the sensor
and the water surface. As the water level
rises or falls, this distance changes
accordingly. The Arduino compares the
measured  distance with  predefined
threshold values to determine whether the
water level is low, medium, or high. Based
on this comparison, it activates the
corresponding LED indicators to visually
represent the level. If the water reaches a
critical high level, the Arduino also turns
on the buzzer to provide an audible
warning. This continuous process allows
real-time monitoring of water level using
simple sensing, processing, and alert

mechanisms.

The water-level sensor continuously
measures river height beneath the bridge.
Simultaneously, the flow-rate sensor
monitors river velocity. When either

parameter exceeds predefined safety

limits, the microcontroller processes the

data and initiates emergency actions.

The system performs the following

functions:
e Activates warning alarms.

e Displays danger messages on LED

boards.
e Closes automated barrier gates.
e Sends SMS alerts to authorities.

e Updates real-time information to

cloud servers.

e Records flood data for future

analysis.
Advantages
o Fully automated operation.
o Real-time flood detection.
e Reduced accident risk.
o Low installation cost.
o Remote monitoring capability.

e Reliable operation during

emergencies.

e Renewable energy support through

solar power.
IV. SYSTEM ARCHITECTURE
A. Sensing Unit

The sensing unit consists of:
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o Ultrasonic water-level sensor. Hardware Specifications
e Water-flow VelOCity sensor. Component Specification
o Rainfall sensor (optional). Microcontroller  ESP32
B. Processing Unit .
. Water ~ Level HC-SR04  Ultrasonic
The microcontroller continuously analyzes Sensor Sensor

sensor data and compares measured values
) Flow Sensor YF-S201
with predefined threshold levels.

C. Communication Unit GSM Module SIMB00L.

A GSM module transmits SMS alerts to: Barrier Motor ~ DC Geared Motor
o Disaster management authorities. Warning Lights  High-Intensity LEDs
» Local police departments. Power Supply Solar Panel + Battery

o Emergency response teams. Software Tools

D. Control Unit e Arduino IDE

The control unit operates: o ThingSpeak IoT Platform
e Automatic barriers. e MATLAB for Data Analysis
 Warning sirens. VI. RESULTS AND PERFORMANCE
« Flashing signal lights. ANALYSIS

o LED display boards.

E. Monitoring Unit

An IoT dashboard displays:

e Water level.

o Flow velocity.

e Alarm status.

Experimental Conditions

o Historical flood records. .
The prototype was tested under various

V. HARDWARE IMPLEMENTATION simulated water levels and flow rates.
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Performance Results

Conventional Proposed

Parameter
System System
Detection
85% 98.5%
Accuracy
Response
. 10s 2s
Time
Alert
Delivery 15s 3s
Time
Barrier ‘
o Automatic
Activation ~ Manual
. (1.55)
Time
Monitoring o 24/7
o Periodic .
Availability Continuous
Observations

e Accurate flood detection was

achieved under varying
environmental conditions.
e Automated barriers prevented

unauthorized bridge crossing.

e Real-time alerts improved
emergency response.
e The IoT platform  enabled

continuous monitoring and data
logging.

VII. CONCLUSION

In conclusion, this water level monitoring
system using an Arduino Uno and an HC-
SR04 Ultrasonic Sensor provides a simple,
reliable, and cost-effective method for
detecting and indicating water levels. By
continuously measuring the distance to the
water surface and processing it through the
Arduino, the system effectively
categorizes the level into low, medium,
and high conditions. The use of LED
indicators and a buzzer ensures immediate
visual and audible alerts, making it useful
for applications like tanks, reservoirs, or
flood warning systems. Although it does
not include remote monitoring or display
features, its simplicity, low power
requirement, and ease of implementation
make it an efficient solution for basic real-

time water level monitoring.

One of the key strengths of this system is
its simplicity and affordability, making it
suitable for  students, small-scale
applications, and rural or low-resource
environments. It requires  minimal
components, is easy to assemble, and can
be powered with a basic 9V supply. The
absence of complex modules like GSM
communication and LCD display reduces
both cost and power consumption, while
also minimizing maintenance requirements

and chances of failure.

Additionally, the system is highly flexible

and can be further enhanced if needed. For

1065 | Page



Journal of Science Engineering Technology and Management Science
Volume 03, Issue 06, June 2026

ISSN: 3049-0952

www,jsetms.com

example, communication modules can be
added later for remote alerts, or a display
unit can be included for real-time data
visualization. It can also be integrated into
larger IoT-based monitoring systems for
smart water management. Overall, this
project not only provides a reliable
solution for water level monitoring but
also serves as a strong foundation for
learning embedded systems, sensor

interfacing, and automation concepts.
Future Scope

1. Integration of Artificial Intelligence

for flood prediction.
2. Drone-assisted flood surveillance.

3. Machine learning-based water level

forecasting.

4. Mobile application for public

notifications.

5. Integration with smart city disaster

management systems.

6. Real-time weather forecasting

integration.
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