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Abstract: Flooding frequently causes damage to bridges, disrupts transportation, and endangers human 

lives, especially in rural areas. This project proposes a Hydraulic Bridge for Water Level Monitoring 

and Lifting Using IoT, designed to enhance safety and maintain connectivity during flood conditions. The 

system uses ultrasonic and float sensors to continuously monitor water levels and transmit data to an 

ESP32 microcontroller. When water reaches a critical level, automatic gates close, alerts are sent 

through IoT platforms, and the hydraulic mechanism lifts the bridge to prevent damage and accidents. 

The prototype demonstrated reliable water-level detection, efficient hydraulic operation, and real-time 

communication. The proposed system offers a low-cost, scalable, and intelligent solution for flood-prone 

regions, reducing human intervention and improving disaster management. 
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I. INTRODUCTION 

Flooding is one of the most common natural disasters affecting transportation infrastructure worldwide. Bridges located 

in flood-prone regions often experience structural damage, traffic disruptions, and safety risks due to rising water levels 

[1]. In India, recurring floods during the monsoon season frequently isolate rural communities and hinder access to 

essential services such as healthcare, education, and emergency response [2]. 

Conventional bridges are generally designed as fixed structures and lack the ability to respond dynamically to changing 

environmental conditions [3]. Recent advancements in hydraulic systems and smart infrastructure have enabled the 

development of movable bridge mechanisms capable of adapting to extreme situations [4]. Hydraulic lifting technology 

provides an effective solution by elevating the bridge deck above dangerous water levels, thereby reducing the risk of 

structural damage and accidents [5]. 

The emergence of the Internet of Things (IoT) has further enhanced infrastructure monitoring through real-time 

sensing, data communication, and automated decision-making [6]. Sensors such as ultrasonic and float sensors can 

continuously monitor water levels and transmit data to intelligent controllers for timely action [7]. Integration of IoT 

with hydraulic systems enables automated bridge operation, remote monitoring, and instant alert generation for 

authorities [8]. 

The proposed Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT combines hydraulic actuation, 

sensor-based monitoring, and IoT communication to create a smart flood-management solution [9]. The system aims to 

improve public safety, reduce transportation disruptions, and provide a cost-effective and scalable infrastructure model 

for flood-prone rural and semi-urban areas [10].  

 

II. PROBLEM STATEMENT 

Flood-prone regions frequently experience severe disruptions in transportation when rising water levels submerge 

bridges, making travel unsafe and restricting access to essential services. Conventional bridges are unable to respond to 

sudden flood conditions, which can result in traffic congestion, structural damage, accidents, and isolation of nearby 

communities. The absence of real-time monitoring and automated safety measures further increases the risk to human 

life and property. Therefore, there is a need for an intelligent and cost-effective bridge system that can continuously 
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monitor water levels, provide timely alerts, and automatically adjust its operation during flood situations to ensure 

safety, maintain connectivity, and minimize infrastructure damage. 

 

III. OBJECTIVES 

To design and develop a hydraulic bridge with an automatic lifting mechanism. 

To monitor water levels continuously using ultrasonic and float sensors. 

To automate bridge operation based on real-time flood conditions. 

To implement safety gates and warning systems for accident prevention. 

To integrate IoT technology for remote monitoring and instant alerts. 

 

IV. LITERATURE SURVEY 

Singh and Balpande (2022) presented an IoT-based bridge condition monitoring system in their study “Development 

of IoT-Based Condition Monitoring System for Bridges.” They utilized sensors, Arduino controllers, and cloud-based 

platforms to monitor bridge vibrations and loading conditions in real time. Their system improved structural health 

monitoring and enabled remote access to bridge data. However, the study primarily focused on bridge condition 

assessment and did not incorporate automated bridge lifting mechanisms for flood management. 

Prajwal et al. (2020) proposed an “IoT Based Bridge Health Monitoring System” that integrated load sensors, 

vibration sensors, and water-level sensors with an Arduino-based platform. The system generated alerts and controlled 

safety barriers when critical conditions were detected. Their approach enhanced bridge safety through continuous 

monitoring, but it lacked a hydraulic mechanism capable of physically protecting the bridge from rising floodwaters. 

Rishikesh et al. (2022) developed a “Bridge Monitoring and Alert Generation System Using IoT” that employed 

wireless sensors to monitor water levels, vibrations, and structural loads. The collected data were transmitted to a cloud 

server for real-time analysis and warning generation. While the system improved disaster preparedness, it focused 

mainly on alert generation and did not provide an adaptive structural response such as bridge lifting. 

Al-Ali et al. (2024) introduced an advanced IoT-based bridge health monitoring and warning system using Raspberry 

Pi, ESP32, and multiple environmental sensors. Their system utilized cloud computing and fuzzy logic algorithms to 

evaluate bridge health conditions and issue timely warnings. Although highly effective for structural monitoring, the 

research did not address automatic hydraulic operations during flood events. 

Kusal et al. (2017) proposed a bridge monitoring and alert generation system using IoT technology. The system used 

water-level, weight, and pressure sensors to detect hazardous conditions and activate warning alarms and barriers. The 

study demonstrated the benefits of real-time monitoring and early warning systems; however, it did not include any 

automated mechanism to protect the bridge infrastructure from flood-induced damage. 

The proposed Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT builds upon these earlier 

studies by combining real-time water-level monitoring, IoT-based communication, automated safety gates, and a 

hydraulic lifting mechanism. This integrated approach not only detects flood conditions but also actively protects the 

bridge structure and ensures safer transportation during emergencies. 

 

Comparison Table 

Author & 
Year 

Method Used Advantages Limitations 

Singh 
&Balpande 

(2022) 

IoT-based bridge condition 
monitoring using sensors, 

Arduino, and cloud platform 

Real-time monitoring and 
remote access to bridge data 

No automated bridge lifting 
mechanism 

Prajwal et al. 
(2020) 

IoT-based bridge health 
monitoring with load, vibration, 

and water-level sensors 

Improves bridge safety and 
generates alerts 

Does not protect bridge from 
floodwater physically 

Rishikesh et al. 
(2022) 

Wireless sensor network and 
cloud-based alert generation 

system 

Provides real-time monitoring 
and warning notifications 

Limited to monitoring and alert 
generation 
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Al-Ali et al. 
(2024) 

IoT, Raspberry Pi, ESP32, and 
fuzzy logic-based bridge 

monitoring
Kusal et al. 

(2017) 
IoT-based bridge monitoring 

using water-level and pressure 
sensors 

Proposed 
System (2025) 

Hydraulic bridge with IoT
based water-level monitoring 

and automatic lifting
 

The Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT operates through the integration of water

sensors, a microcontroller, hydraulic actuators, safety gates, and IoT communication modules. The system continuously 

monitors environmental conditions and automatically responds when flood conditions are detected.

Step 1: Water Level Detection 

The ultrasonic sensor continuously measures the distance between the sensor and the water surface beneath the bridge. 

Simultaneously, the float sensor acts as a backup mechanism to verify critical water levels. The sensor readings are 

transmitted to the ESP32 microcontroller f

Step 2: Data Processing by ESP32 

The ESP32 receives real-time data from the sensors and compares the measured water level with predefined safety 

thresholds. If the water level remains within the safe range, the bridge continues normal operat

level is reached, the controller initiates emergency procedures.

Step 3: Safety Gate Activation 

Before lifting the bridge, automatic safety gates installed at both ends of the bridge are closed. Audio alarms and LED 

warning indicators are activated to alert drivers and pedestrians, preventing access to the bridge during operation.

Step 4: Hydraulic Lift Operation 

After confirming that the bridge is clear, the ESP32 activates the relay module, which powers the hydraulic pump and 

actuators. The hydraulic cylinders then raise the bridge deck vertically to a safe height above the floodwater level.

Step 5: IoT Alert Transmission 

At the same time, the ESP32 sends real

regarding water level, bridge status, and emergency conditions are transmitted to authorized personnel through mobile 

devices or cloud dashboards. 

Step 6: Continuous Monitoring 

While the bridge remains lifted, the sensors continue monitoring water level

status information on the IoT platform, enabling remote supervision and decision
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IoT, Raspberry Pi, ESP32, and 
based bridge 

monitoring 

Accurate health assessment 
and smart decision-making 

No hydraulic flood protection 

based bridge monitoring 
level and pressure 

Early warning system and 
improved safety 

Lacks adaptive bridge response 

Hydraulic bridge with IoT-
level monitoring 

and automatic lifting 

Real-time monitoring, 
automatic lifting, safety gates, 

and flood protection 

Prototype
requiring large

V. WORKING OF SYSTEM 

 
Fig 1: Visual Representation 

The Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT operates through the integration of water

microcontroller, hydraulic actuators, safety gates, and IoT communication modules. The system continuously 

monitors environmental conditions and automatically responds when flood conditions are detected.

continuously measures the distance between the sensor and the water surface beneath the bridge. 

Simultaneously, the float sensor acts as a backup mechanism to verify critical water levels. The sensor readings are 

transmitted to the ESP32 microcontroller for processing. 

time data from the sensors and compares the measured water level with predefined safety 

thresholds. If the water level remains within the safe range, the bridge continues normal operat

level is reached, the controller initiates emergency procedures. 

Before lifting the bridge, automatic safety gates installed at both ends of the bridge are closed. Audio alarms and LED 

s are activated to alert drivers and pedestrians, preventing access to the bridge during operation.

After confirming that the bridge is clear, the ESP32 activates the relay module, which powers the hydraulic pump and 

ors. The hydraulic cylinders then raise the bridge deck vertically to a safe height above the floodwater level.

At the same time, the ESP32 sends real-time alerts through the IoT platform using Wi-Fi connectivity. Notificatio

regarding water level, bridge status, and emergency conditions are transmitted to authorized personnel through mobile 

While the bridge remains lifted, the sensors continue monitoring water levels. The system regularly updates bridge 

status information on the IoT platform, enabling remote supervision and decision-making by authorities.
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No hydraulic flood protection 

system 

Lacks adaptive bridge response 
mechanism 

totype-level implementation 
requiring large-scale deployment 

validation 

The Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT operates through the integration of water-level 

microcontroller, hydraulic actuators, safety gates, and IoT communication modules. The system continuously 

monitors environmental conditions and automatically responds when flood conditions are detected. 

continuously measures the distance between the sensor and the water surface beneath the bridge. 

Simultaneously, the float sensor acts as a backup mechanism to verify critical water levels. The sensor readings are 

time data from the sensors and compares the measured water level with predefined safety 

thresholds. If the water level remains within the safe range, the bridge continues normal operation. When the critical 

Before lifting the bridge, automatic safety gates installed at both ends of the bridge are closed. Audio alarms and LED 

s are activated to alert drivers and pedestrians, preventing access to the bridge during operation. 

After confirming that the bridge is clear, the ESP32 activates the relay module, which powers the hydraulic pump and 

ors. The hydraulic cylinders then raise the bridge deck vertically to a safe height above the floodwater level. 

Fi connectivity. Notifications 

regarding water level, bridge status, and emergency conditions are transmitted to authorized personnel through mobile 

s. The system regularly updates bridge 

making by authorities. 
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Step 7: Bridge Restoration 

When the water level falls below the predefined safe threshold, the ESP32 commands the

bridge gradually. After the bridge reaches its normal position, the safety gates reopen, warning signals are deactivated, 

and traffic movement resumes. 

 

Fig.2: System Design and Working Flow of Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT.

The system design of the Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT is based on an automated 

control mechanism that continuously monitors water levels and performs necessary actions to ensure safe transportation 

during flood conditions. 

1. Water Level Monitoring Unit 

The system begins with continuous monitoring of water levels using ultrasonic and float sensors installed beneath

bridge. These sensors detect any rise in water level and transmit the measured values to the ESP32 microcontroller. 

2. IoT Alert and Communication Unit

When the water level exceeds the predefined threshold value, the ESP32 controller immediately send

the cloud server through Wi-Fi connectivity. Real

monitoring stations for early flood warning and emergency response.

3. Automatic Gate Control Unit 

After detecting dangerous water levels, the system activates automatic safety gates installed at both ends of the bridge. 

The gates close automatically to stop vehicles and pedestrians from entering the bridge. Simultaneously, warning lights 

and alarms are activated to enhance safety.

4. Hydraulic Bridge Lifting Unit 

Once the bridge is cleared of traffic, the controller activates the hydraulic lifting mechanism. Hydraulic cylinders raise 

the bridge deck upward to an angle of approximately 45°, preventing contact with floodw

protects the bridge structure from damage.

5. Traffic Management Unit 

After the bridge reaches the required elevated position, the safety gates reopen to allow controlled movement on the 

lifted bridge structure. This ensures transportation continuity even during moderate flood situations.
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When the water level falls below the predefined safe threshold, the ESP32 commands the hydraulic system to lower the 

bridge gradually. After the bridge reaches its normal position, the safety gates reopen, warning signals are deactivated, 

VI.SYSTEM DESIGN 

 
Fig.2: System Design and Working Flow of Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT.

The system design of the Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT is based on an automated 

sly monitors water levels and performs necessary actions to ensure safe transportation 

The system begins with continuous monitoring of water levels using ultrasonic and float sensors installed beneath

bridge. These sensors detect any rise in water level and transmit the measured values to the ESP32 microcontroller. 

2. IoT Alert and Communication Unit 

When the water level exceeds the predefined threshold value, the ESP32 controller immediately send

Fi connectivity. Real-time alerts are generated and transmitted to concerned authorities and 

monitoring stations for early flood warning and emergency response. 

angerous water levels, the system activates automatic safety gates installed at both ends of the bridge. 

The gates close automatically to stop vehicles and pedestrians from entering the bridge. Simultaneously, warning lights 

ance safety. 

Once the bridge is cleared of traffic, the controller activates the hydraulic lifting mechanism. Hydraulic cylinders raise 

the bridge deck upward to an angle of approximately 45°, preventing contact with floodwater and floating debris. This 

protects the bridge structure from damage. 

After the bridge reaches the required elevated position, the safety gates reopen to allow controlled movement on the 

transportation continuity even during moderate flood situations.
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hydraulic system to lower the 

bridge gradually. After the bridge reaches its normal position, the safety gates reopen, warning signals are deactivated, 

Fig.2: System Design and Working Flow of Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT. 

The system design of the Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT is based on an automated 

sly monitors water levels and performs necessary actions to ensure safe transportation 

The system begins with continuous monitoring of water levels using ultrasonic and float sensors installed beneath the 

bridge. These sensors detect any rise in water level and transmit the measured values to the ESP32 microcontroller.  

When the water level exceeds the predefined threshold value, the ESP32 controller immediately sends notifications to 

time alerts are generated and transmitted to concerned authorities and 

angerous water levels, the system activates automatic safety gates installed at both ends of the bridge. 

The gates close automatically to stop vehicles and pedestrians from entering the bridge. Simultaneously, warning lights 

Once the bridge is cleared of traffic, the controller activates the hydraulic lifting mechanism. Hydraulic cylinders raise 

ater and floating debris. This 

After the bridge reaches the required elevated position, the safety gates reopen to allow controlled movement on the 

transportation continuity even during moderate flood situations. 
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6. Continuous Monitoring Unit 

While the bridge remains elevated, the sensors continue monitoring water levels. The IoT system regularly updates 

bridge status, water-level information, and ope

7. Bridge Restoration Unit 

When the water level returns to normal conditions, the controller commands the hydraulic system to lower the bridge 

gradually to its original position. Once the bridge i

unrestricted traffic flow. 

 

The developed Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT

simulated flood conditions. The integrated system effectively monitored water levels, activated safety mechanisms, 

lifted the bridge automatically, and transmitted real

achieved high measurement accuracy, while the float sensor provided reliable backup operation. The hydraulic lifting 

mechanism responded within 8–10 seconds after detecting critical water levels and maintained stable operation under 

load conditions. Automatic gates successfully restricted vehicle entry during bridge lifting, thereby improving user 

safety. The ESP32 controller demonstrated efficient processing and communication capabilities by transmitting alerts 

within 3–5 seconds. The dual-sensor archi

Experimental results indicate that the proposed system is suitable for flood

uninterrupted connectivity are critical. The prototype valida

IoT-based monitoring for smart infrastructure development.

Water Level Detection Accuracy
Hydraulic Lift Response Time
IoT 

Load Bearing Capacity

Discussion 

The system achieved reliable performance during all testing scenarios. Water

under turbulent conditions. The hydraulic lifting mechanism operated smoothly without vibration and maintained 

stability during load tests. The IoT module ensured rapid communication between the bridge and monitoring 

authorities. Overall, the system demonstrated the potential to reduce flood

damage, and improve disaster response capabilities.

Graph 1: System Response Time Analysis

Figure 5.1: Response Time of Different System Components
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While the bridge remains elevated, the sensors continue monitoring water levels. The IoT system regularly updates 

level information, and operational data to the cloud platform for remote supervision.

When the water level returns to normal conditions, the controller commands the hydraulic system to lower the bridge 

gradually to its original position. Once the bridge is fully lowered, the system resumes normal operation and 

VII. RESULTS 

The developed Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT was successfully tested under 

simulated flood conditions. The integrated system effectively monitored water levels, activated safety mechanisms, 

lifted the bridge automatically, and transmitted real-time alerts through the IoT platform. The ultrasonic sen

achieved high measurement accuracy, while the float sensor provided reliable backup operation. The hydraulic lifting 

10 seconds after detecting critical water levels and maintained stable operation under 

tomatic gates successfully restricted vehicle entry during bridge lifting, thereby improving user 

safety. The ESP32 controller demonstrated efficient processing and communication capabilities by transmitting alerts 

sensor architecture reduced false triggering and enhanced overall system reliability. 

Experimental results indicate that the proposed system is suitable for flood-prone rural regions where bridge safety and 

uninterrupted connectivity are critical. The prototype validates the feasibility of combining hydraulic technology with 

based monitoring for smart infrastructure development. 

Table 5.1 Results Obtained 

Parameter Obtained Result 
Water Level Detection Accuracy ±2 mm 
Hydraulic Lift Response Time 8–10 sec 

 Alert Transmission Time 3–5 sec 
Load Bearing Capacity 50 kg 

Gate Operation Successful 
System Reliability High 

Fail-Safe Operation Successful 

The system achieved reliable performance during all testing scenarios. Water-level detection remained accurate even 

under turbulent conditions. The hydraulic lifting mechanism operated smoothly without vibration and maintained 

The IoT module ensured rapid communication between the bridge and monitoring 

authorities. Overall, the system demonstrated the potential to reduce flood-related accidents, minimize infrastructure 

damage, and improve disaster response capabilities. 

System Response Time Analysis 

 
Figure 5.1: Response Time of Different System Components 
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While the bridge remains elevated, the sensors continue monitoring water levels. The IoT system regularly updates 

rational data to the cloud platform for remote supervision. 

When the water level returns to normal conditions, the controller commands the hydraulic system to lower the bridge 

s fully lowered, the system resumes normal operation and 

was successfully tested under 

simulated flood conditions. The integrated system effectively monitored water levels, activated safety mechanisms, 

time alerts through the IoT platform. The ultrasonic sensor 

achieved high measurement accuracy, while the float sensor provided reliable backup operation. The hydraulic lifting 

10 seconds after detecting critical water levels and maintained stable operation under 

tomatic gates successfully restricted vehicle entry during bridge lifting, thereby improving user 

safety. The ESP32 controller demonstrated efficient processing and communication capabilities by transmitting alerts 

tecture reduced false triggering and enhanced overall system reliability. 

prone rural regions where bridge safety and 

tes the feasibility of combining hydraulic technology with 

level detection remained accurate even 

under turbulent conditions. The hydraulic lifting mechanism operated smoothly without vibration and maintained 

The IoT module ensured rapid communication between the bridge and monitoring 

related accidents, minimize infrastructure 
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Interpretation: The sensor detects flood conditions within 2 seconds, gate closure occurs within 3 seconds, IoT alerts are 

transmitted within 4 seconds, and the hydra

Graph 2: Performance Evaluation of System Components

Figure 5.2: Performance Evaluation of Prototype System

Interpretation: The system achieved high operational efficiency, with water

safety performance of 99%, demonstrating the effectiveness of the proposed design.

These two graphs are suitable for a BE/BTech project report and can be recreated in Excel, Word, or MATLAB as bar 

charts for professional presentation. 

 

The Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT

automated approach to flood management in vulnerable regions. By integrating water

microcontroller, hydraulic lifting mechanisms, automatic safety gates, and IoT

effectively monitors changing water conditions and responds without human intervention. The prototype achieved 

accurate water-level detection, reliable hydraulic operation, timely alert transmission, and enhanced user safety during 

simulated flood conditions. The results indicate that the proposed system can help reduce accidents, prevent bridge 

damage, maintain transportation connectivity, and support disaster management efforts. Overall, the project provides a 

cost-effective, scalable, and practical solution for improving infrastructure resilience in flood

urban areas. 

 

The proposed Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT

integrating advanced technologies such as Artificial Intelligence (AI) and Machine Learning (ML) for flood prediction 

based on historical weather and water-level data. The system can be powered using solar energy to ensure unint

operation in remote areas during power outages. Future developments may include GSM

locations with limited internet connectivity, CCTV surveillance for improved security, and cloud

real-time decision-making. The design can also be scaled for full

and disaster management networks, enabling authorities to monitor multiple bridges simultaneously and respond more 

effectively to emergency situations. 
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Interpretation: The sensor detects flood conditions within 2 seconds, gate closure occurs within 3 seconds, IoT alerts are 

transmitted within 4 seconds, and the hydraulic lift completes operation within 10 seconds. 

Graph 2: Performance Evaluation of System Components 

 
Figure 5.2: Performance Evaluation of Prototype System 

Interpretation: The system achieved high operational efficiency, with water-level detection accur

safety performance of 99%, demonstrating the effectiveness of the proposed design. 

These two graphs are suitable for a BE/BTech project report and can be recreated in Excel, Word, or MATLAB as bar 

VIII. CONCLUSION 

The Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT successfully demonstrates an intelligent and 

automated approach to flood management in vulnerable regions. By integrating water

microcontroller, hydraulic lifting mechanisms, automatic safety gates, and IoT-based communication, the

effectively monitors changing water conditions and responds without human intervention. The prototype achieved 

level detection, reliable hydraulic operation, timely alert transmission, and enhanced user safety during 

conditions. The results indicate that the proposed system can help reduce accidents, prevent bridge 

damage, maintain transportation connectivity, and support disaster management efforts. Overall, the project provides a 

al solution for improving infrastructure resilience in flood

IX. FUTURE SCOPE 

The proposed Hydraulic Bridge for Water Level Monitoring and Lifting Using IoT can be further enhanced by 

integrating advanced technologies such as Artificial Intelligence (AI) and Machine Learning (ML) for flood prediction 

level data. The system can be powered using solar energy to ensure unint

operation in remote areas during power outages. Future developments may include GSM

locations with limited internet connectivity, CCTV surveillance for improved security, and cloud

ing. The design can also be scaled for full-size bridge applications and integrated with smart city 

and disaster management networks, enabling authorities to monitor multiple bridges simultaneously and respond more 
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