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ABSTRACT- This journal presents a comprehensive 

description of the installation of an overfill sensor system 

in the ship's cofferdam, intended to enhance the ship's 

safety protocols. Sensors continuously monitor the liquid 

level within the cofferdam, alerting the crew if the level 

exceeds a critical threshold. This system is critical in 

preventing operational disruptions due to structural 

damage, environmental pollution and overfilling. The 

journal covers the initial steps, including site inspection 

and equipment procurement, as well as the detailed 

installation process, including sensor mounting, wiring, 

and system integration. Furthermore, it includes 

calibration and testing steps to ensure the reliability and 

efficiency of the sensor in real-world conditions. 

Ultimately, this initiative is designed to comply with 

maritime safety standards, improve crew response times 

and reduce the risks associated with overfill incidents, 

contributing to safer and more environmentally, 

responsible ship operations. 
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1. INTRODUCTION 

Introduction Cofferdams are critical spaces on ships that 

prevent mixing of liquids or separate hazardous 

substances from other compartments. Overfilling of the 

cofferdam can result in structural damage, 

contamination, or safety hazards, requiring immediate 

crew intervention.  

To mitigate these risks, an overfill sensor system has 

been installed to monitor the fill levels of the cofferdam. 

The system triggers an alert when levels exceed 

predefined limits, ensuring prompt action by the crew to 

prevent leakage, environmental damage or equipment 

damage. 

 This journal documents the installation, testing and 

commissioning process of an overfill sensor in the ship's 

cofferdam to enhance operational safety and compliance 

with maritime regulation 

 

Figure1- construction and overview of cofferdam in the 

ship 

2. COMPONENTS  

2.1 Ultrasonic Sensor 

 

Figure 2- Ultrasonic Sensor 

 Ultrasonic sensors use sound waves to measure the 

distance to a liquid surface. They emit ultrasonic pulses 

and measure the time it takes for the waves to bounce 

back after hitting the liquid surface. This measurement of 

time of flight is used to calculate the fluid level.  

Advantages – Non-contact measurement, reducing wear 

and tear. - Accurate in most situations, especially when 

the liquid is stable. - Suitable for a variety of liquids 

including water and oil. 

 Limitations – Liquids may be affected by foam, vapor or 

turbulence at the surface. - Sound waves need a clear 

path to travel  
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2.2 Radar sensors 

 

Figure 3- Radar sensor 

Radar sensors use electromagnetic waves (microwaves) 

to detect liquid levels. Similar to ultrasonic sensors, they 

emit a pulse, but instead of sound waves, they use radar 

waves. The sensor measures the time it takes for radar 

waves to return after hitting the surface of the liquid. 

 Advantages  

         Highly accurate and unaffected by temperature, 

pressure or vapour. - Non-contact and reliable in extreme 

environments. - Suitable for a wide range of materials 

including corrosive or viscous liquids.  

Limitations  

     More expensive than ultrasonic sensor . - May require 

more complex installation and calibration. Both types of 

sensors are effective for monitoring liquid levels, with 

radar sensors being more suitable for harsh or industrial 

environments due to their robustness. Ultrasonic sensors 

are a cost-effective solution for simple applications 

where environmental factors are less challenging. 

3. WORKING 

3.1 Working Principle of Ultrasonic Sensors  

 

Figure 4 – measurement of leakage using radar sensor 

Ultrasonic sensors work by emitting high frequency 

sound waves (ultrasonic pulses) from a transducer. 

These sound waves travel through air or liquid, and 

when they hit a surface, they bounce back toward the 

sensor. The sensor measures the time it takes for the 

sound waves to return (time of flight), which is used to 

calculate the distance between the sensor and the liquid 

surface.  

The sensor sends continuous pulses and measures the 

time it takes for each pulse to return, allowing fluid level 

monitoring in real time.  

3.2 Working Principle of Radar Sensor  

 

Figure 5 – working of radar sensor 

Radar sensors work on a similar principle but use 

electromagnetic waves (microwaves) instead of sound 

waves. The sensor emits a microwave pulse, which 

travels through air or liquid. When microwaves hit a 

liquid surface, they are reflected back to the sensor. The 

sensor then calculates the distance to the surface based 

on the time it takes for the microwave pulse to return.  

Radar sensors are highly accurate, unaffected by external 

factors such as temperature, pressure and vapour, 

making them ideal for harsh or challenging 

environments. 

4. SENSOR LOCATION 

4.1 Ultrasonic Sensors 

Placement: Mounted on the sides of the tank or ceiling to 

measure distance from the sensor to the water surface. 

Tank Sides: Sensors placed on the vertical walls help to 

measure the water level with high accuracy. 

Tank Ceiling: Can help detect the maximum possible 

height or clearance of water. 

Rationale: Ultrasonic sensors can provide continuous, 

non-contact level measurements without requiring 

immersion, reducing maintenance issues. 
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4.2. Radar Sensors 

Placement: Similar to ultrasonic sensors, radar sensors 

are typically placed at the top of the tank, pointing 

towards the water surface. 

Tank Ceiling: Positioned above the water to accurately 

measure distance to the water surface, particularly in 

environments where there may be foam, condensation, 

or fluctuating temperatures. 

Rationale: Radar sensors can work in harsh conditions 

(e.g., turbulent or frothy water) and provide reliable 

measurements of liquid levels without direct contact. 

5.HOW MAKE IT MORE EFFICIENT DURING 

ROLLING 

 

Figure 6 -Efficient working of the sensor even in bad 

weather 

To make the sensor system more efficient in detecting 

overloads when the ship is rolling, Rolling introduces 

fluctuating forces and pressures, which can affect sensor 

accuracy and alert reliability. 

 5.1 Technological Enhancements  

1. Gyroscopic stabilization – Use a gyroscope or 

inclinometer to monitor the ship's roll angle and 

integrate this data with sensor readings. - Dynamically 

adjust sensor thresholds depending on the ship's roll 

angle and amplitude. 

 2. Dynamic data filtering – Apply algorithms to filter out 

transient fluctuations caused by rolling and focus on 

sustained overload conditions. - Use real-time signal 

processing to distinguish between normal rolling and 

real overload risks.  

3. High-Sensitivity Sensors – Deploy sensors with fast 

response time to capture rapid changes during rolling. - 

Use sensors with wide range and high tolerance for 

environmental changes caused by rolling (e.g., water 

splashes, different pressure points). 

 4. Sensor placement optimization – Position sensors 

symmetrically in the cofferdam to account for rolling-

induced asymmetry in forces and loads. - Use multiple 

sensors to triangulate overload locations and avoid false 

readings from isolated points. 

 5. Adaptive calibration – Apply a rolling-specific 

calibration routine to adjust baseline readings based on 

rolling conditions. 

5.2 Expected Benefits 

 –Improved accuracy of overload detection during rolling. 

 - Reduction of false alarms caused by transient rolling 

conditions. 

 - Enhanced protection for crew, cargo and ship structure. 

 - Increase efficiency through real-time, adaptive 

monitoring. 

6. ADVANTAGE 

6.1. Increased safety 

Real-time overload detection: The sensor system 

ensures that any overload condition such as flooding or 

structural stress is detected in real-time, preventing 

catastrophic damage and ensuring the safety of the crew 

and the ship. 

Automatic alerts: Immediate alerts allow crew 

members to take action immediately, minimising the risk 

of further damage and providing an opportunity to 

implement emergency protocols. 

6.2. Increased operational efficiency 

Early warning system: By detecting potential overloads 

before they become critical, the system minimises 

downtime and operational disruptions, ensuring smooth 

operations. 

Data-driven decision making: Continuous monitoring 

provides valuable data for predictive maintenance, 

optimizing ship performance and reducing maintenance 

costs in the long run. 

6.3. Improved structural integrity monitoring 

Comprehensive monitoring: With sensors such as 

water level sensors, pressure sensors and strain gauges, 

the system monitors multiple parameters, ensuring that 

any deviations from normal conditions are detected 

early. 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 13 Issue: 05 | May 2026                     www.irjet.net                                                                 p-ISSN: 2395-0072 

 

© 2026, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 1860 
 

Accurate stress detection: The system helps identify 

weak points in the ship’s structure, allowing timely 

repairs and reducing the chances of major structural 

failures. 

6.4. Reduced false alarm 

Dynamic threshold adjustment: By taking rolling and 

dynamic conditions into account, the system reduces 

false alarms during normal ship motion, improving the 

reliability and focus of alerts. 

Sophisticated algorithms: The use of adaptive 

algorithms ensures that only critical overloads trigger 

alerts, reducing unnecessary interventions and 

distractions for the crew. 

6.5. Cost savings: 

Prevention of overload-related damage: Preventing 

overloads helps avoid costly repairs or replacement of 

damaged ship equipment and parts. 

Efficient resource allocation: Maintenance is more 

targeted and less frequent, as sensors provide real-time 

diagnostics, reducing labor and material costs associated 

with inspections and repairs. 

6. 6. Environmental benefits 

Reduced risk of pollution: Timely detection of 

overloads (such as water ingress) helps prevent potential 

leaks or spills into the surrounding environment, 

reducing the risk of marine pollution. 

Sustainable Operations: With improved monitoring, 

the ship can operate more efficiently, reducing energy 

waste and promoting sustainability. 

7. CONCLUSION 

The integration of sensors into ship cofferdams to detect 

overloads provides a proactive approach to maintaining 

safety, operational efficiency and structural integrity. By 

strategically placing various sensors – such as water 

level, pressure, strain gauges, ultrasonic, radar, flow and 

temperature sensors – throughout the cofferdam, it is 

possible to continuously monitor critical parameters and 

detect overload conditions in real time. 

 This system increases the safety of both the ship and its 

crew by warning of potential hazards ,such as water 

ingress, excessive pressure, or structural stress, before 

they turn into catastrophic failures. Additionally, the 

system supports efficient resource management by 

reducing unnecessary maintenance and downtime, 

improving decision making with reliable data, and 

optimizing vessel performance.  

Furthermore, the advanced technology employed, 

including dynamic calibration, real-time data processing 

and integration with existing ship systems, ensures that 

the sensors adapt to different operating conditions, such 

as rolling or environmental changes, without generating 

false alarms. This adaptive approach, combined with 

redundancy in sensor placement, increases the reliability 

and accuracy of overload detection.  

Ultimately, sensor systems to detect overloads in ship 

cofferdams provide long-term benefits, including 

improved safety, lower operating costs and increased 

structural longevity. The continued use and refinement 

of such systems will contribute to safer, more efficient 

maritime operations, ensuring that ships operate within 

safe parameters and are prepared for any unexpected 

risks 
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