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Abstract. This paper studies infrared technology and its application in the field of ship 
detection, mainly studying infrared thermal imaging of failure equipment refueling oil spill and 
ship safety problems because infrared technology is a high precision contact thermal 
measurement method through infrared camera infrared objects, the infrared spectrum 
wavelength range of infrared radiation heat, on the receiver into electronic signals, through 
electronic attenuation and electronic scanning form the corresponding heat map or temperature 
field image, to intuitively reflect the temperature distribution and heat focus of the object. In 
addition, the infrared detection device can be reasonably installed in the ship without affecting 
the work of other equipment, and it has been found that infrared technology has significantly 
improved the solution to the safety problems of ships. 
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1.  Introduction 
Due to its unique properties, infrared thermal imaging monitoring equipment is increasingly utilized in 
the field of civil security, including applications such as surveillance cameras to anti-theft alarm 
detectors, and high-end infrared thermal image detectors, working together to achieve 24 hours of 
uninterrupted security [1]. However, the field of infrared technology is still in its early stages of 
development. This paper mainly realizes the application of infrared thermal imaging in ship detection 
by studying infrared thermal imaging technology. Infrared thermal imaging can timely find the 
damage to ship equipment. It can solve the navigation of fog narrow sea areas in advance more timely 
and comprehensively guarantee the safety of ships. 

2.  Literature review 

2.1.  The principle of the infrared radiation 
The essence of infrared radiation is a kind of electromagnetic wave. When the temperature of the 
object is above absolute zero, infrared radiation will be produced. This infrared radiation is captured 
by the sensor of the infrared detector and transmitted to the electronic information processing and 
display system, forming the infrared image [2] that the human eye can perceive. As shown in the 
Figure 1 is the infrared schematic diagram 
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Figure 1. Display of the ship on infrared thermal imaging Fig. 

2.2.  Infrared thermal imaging technology and its characteristics 
Nondestructive detection for infrared thermal imaging is a non-contact thermal measurement method 
with high precision. The gray values of the infrared thermal images output by the camera represent the 
thermal distribution and temperature distribution of the different regions. Breaking through the 
limitation of dim light at night, without external interference such as strong light and flash, it can 
achieve long-distance all-weather observation and more adapt to the port operating environment.[3] 
Through the analysis of the temperature record map, the temperature and temperature changes of 
different parts of the object can be determined to achieve non-contact heat measurement, monitoring 
and diagnosis[4]. 

2.3.  The infrared imaging system has the following characteristics: 
First, in terms of adaptability to the external environment, the infrared light has excellent performance, 
especially at night or in poor weather, such as thunderstorms and hail, and the infrared imaging system 
has a strong working ability. Second, in terms of light penetration ability, infrared light is stronger 
than visible light. In a hazy environment, the human eye cannot perceive the surrounding objects, 
whereas infrared light can accurately capture the targets in the environment. Third, the target images 
obtained by this system have exceptionally high resolution due to the short infrared wavelength, 
resulting in minimal interference when propagating through the atmosphere. Fourth, in the aspect of 
identifying true and false targets, infrared light is obviously better than visible light and radar wave, 
because infrared detection mainly depends on the temperature difference and radiation rate difference 
between the foreground and background, the number of error detecting is less, and has a strong ability 
to identify camouflage targets. Fifth, in terms of concealment, the infrared detection system has good 
performance, which is mainly attributed to the infrared sensor passively receiving the infrared thermal 
radiation wave emitted by the target scene, while the radar detection system needs to emit 
electromagnetic waves first, and then detect the returned spectrum, which is easy to be found by the 
external target, poor concealment. Because the infrared imaging system has the above advantages, the 
infrared imaging system is widely used in ship target detection and scene matching, etc. So not only 
makes up for visible light detection at night and haze environment blind areas, but improve the 
accuracy of the detection but also improves the concealment and security of Marine comprehensive 
detection system [5]. 

 
Figure 2. Infrared thermal imaging working process. 
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3.  Application of infrared thermal imaging technology in ship detection 

3.1.  Anti-collision detection of infrared technology during navigation 
The ship is usually in operation during the navigation. In general weather, the personnel on duty can 
observe the obstacles in the navigation line through the naked eye or radar, such as other navigation 
vessels on the bridge or some floating objects, to avoid collision. The personnel on duty must 
promptly make adjustments to the navigation route. However, in certain extreme weather conditions 
and narrow sea passages, the navigation requirements are highly demanding. Therefore, infrared 
thermal imaging technology is necessary to ensure safe navigation. Infrared thermal imaging for 
common hazards provides an "early warning system", can clear obstacle images on thermal image 
detector, thermal image detectors system by improving visibility under the condition of low light or 
haze, make up for the shortcomings of the video tracking system, the tracking system can find the 
target, and continuously update the target orientation, range and height. According to the design 
principle of the infrared thermal image detector, as long as there is a temperature difference, the 
infrared thermal image of the infrared thermal image detector will be displayed in different colors, the 
lower the temperature, the darker the color, on the contrary, the higher the temperature, the brighter 
the color. 

Making decisions at night is a challenge for all first respondents. The remote infrared thermal 
camera system helps users observe suspicious activities or respond quickly to emergencies. Remote 
thermal cameras can create more reaction time for users by helping to identify suspicious or 
threatening behaviors. Monitor at a safe distance, and then intervene at the right time to make changes 
and decisions the first time. 

3.2.  Infrared technology for the fault detection of the motor and a series of equipment 
For some equipment columns such as screw compressors, the exhaust temperature of the unit exceeds 
100℃, the unit current is excessive, and the current is large when the unit starts or trips, the cause of 
the fault is shown in Table 1 [6]. After analysis, it is concluded that not only the screw compressor but 
also many motors requiring the motor operation equipment will produce heat in the operation. The 
infrared camera can identify the abnormal conditions inside the motor, such as heating, overload, short 
circuit and other problems, inside the motor by measuring the temperature change of each part of the 
motor. Different injuries and faults will cause different hot spots and thermal anomalies, different 
injuries and faults, and different hot spots and thermal anomalies [7] as shown in Figure 4. According 
to Figure 3, the temperature spreads from high to low, from the middle to the outside. By using 
infrared thermal imaging nondestructive detection technology, the surface temperature distribution 
image of the motor winding can be obtained quickly and non-contact. Real-time monitoring for 
abnormal changes in motor operation can be conducted through comparative analysis, enabling early 
detection and handling of faults. 

Table 1. Fault type analysis. 

Fault types Fault causes 
 
 
 
 
The motor 
temperature 
is too high 
 

1. The lubricating oil film on the surface of the parts is broken, the metal 
friction is high, which leads to the destruction of the metal crystalline 
structure, and the motor temperature is too high due to serious wear or burns 
of the motor bearings and rotors, resulting in motor failure; 2. The medium is 
repeatedly compressed, and the rotor is seriously worn, resulting in leakage in 
the compressor, resulting in insufficient suction or too large clearance 
between the rotor and the exhaust seat, and incomplete exhaust, resulting in 
the compressor suddenly stopping and jumping, and the motor temperature is 
too high; 3. The lack of phase of the motor leads to insufficient torque, 
blockage of the motor water-cooled pipe bundle, excessive current, and too 
high air temperature brought in by the motor fan. 
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The cylinder 
temperature 
is too high 

1. Ammonia inhales too much heat, and the inlet air temperature is higher 
than the cylinder temperature 2. The friction heat increases due to severe 
wear of the friction pair; 3. The compression ratio is too high, the compressor 
does too much work, and generates more heat; 4. Due to the leakage of the 
bypass, the medium is repeatedly compressed, resulting in too high 
temperature. 

The exhaust 
temperature 
is too high 
 

The exhaust temperature is too high due to insufficient fuel injection of the 
screw compressor, damage and failure of the thermocouple, blockage of the 
cooler, blockage of the mist eliminator, blockage of the lubricating oil filter, 
and failure of the cooling fan. 

The 
temperature 
of the sealed 
bearing is 
too high 

Due to insufficient oil supply pressure, oil supply, oil deterioration or 
emulsification, etc, the original temperature is too high, resulting in the 
temperature of the seal bearing 

 

 
Figure 3. Generator thermal imaging map. 

3.3.  Infrared technology in the refueling or oil spill situation judgment and detection 
The first is oil spill detection: an infrared thermal image detector can detect oil on the sea surface 
because oil usually has different temperature characteristics from the surrounding water. The thermal 
image detector can detect the thermal characteristics of oil pollution and help quickly detect the oil 
spill points to take emergency response measures. The infrared oil spill image detection system 
requires importing the serial images from the designated infrared camera, saving the corresponding 
files to the local, and also supports loading video [8] from the local offline files. Secondly, oil spill 
range estimation: by analyzing the temperature distribution in the infrared image, the area and range of 
the oil spill can be estimated. This will help relevant authorities better plan emergency response 
operations and ensure timely measures are taken to reduce environmental damage. Subsequently, 
environmental monitoring: infrared thermal image detector can monitor the diffusion of the oil spills 
in the ocean and track the propagation path of oil spill substances in the seawater. This study aims to 
assess the potential impact of oil spill events on the ecological environment and to develop measures 
for protecting marine ecosystems. Finally, monitoring at night and in bad weather: the infrared thermal 
image detector is equally effective at night and in bad weather conditions, and it is not limited by light 
and visibility. This makes them very useful in 24-hour monitoring, ensuring a timely response to oil 
spill events. 

The infrared thermal image detector plays a crucial role in detecting offshore oil spills. This 
technology enables quick and accurate identification of oil spill events, leading to prompt and effective 

Table 1. (continued). 

Proceedings of  the 2nd International  Conference on Machine Learning and Automation 
DOI:  10.54254/2755-2721/102/20241206 

196 



response measures. As a result, it helps to minimize environmental impact and economic losses 
associated with such incidents. In combination with other monitoring technologies, the infrared 
thermal image detector can improve the emergency response capacity and monitoring efficiency of oil 
spill events. 

3.4.  Detection of infrared technology in pressure-bearing equipment 
Due to the presence of various equipment on the ship, such as steam pipes [9] operating at both low 
temperature and low pressure, as well as high temperature and high pressure, there is often significant 
pressure exerted on the pipes. This can result in pipe deformation, particularly when the pipes are 
covered with insulation to reduce heat exchange with the external environment. Over time, this 
deformation may not be visible to the naked eye, leading to poor heat transfer efficiency and 
potentially causing pipe rupture or damage to the insulation. As a result, uneven temperature 
distribution may occur. As shown in Figure 4, the upper depression is caused by the long-term work of 
the pipe belt, but it is not visible with the naked eye. We can find the abnormal temperature through 
infrared technology. We removed the outer metal protective layer to confirm that the insulation 
material was damaged [10]. 

 
Figure 4. Display of the damaged pipe in the thermal imaging map. 

4.  Conclusion 
The thermal imaging technology described in this paper plays a vital role in the safety of devices on 
board and ships. Infrared thermal imaging can detect potential overheating faults in advance, reducing 
equipment damage and downtime. It can help to identify overload, short circuits, and poor contact 
within the electrical system. 

Infrared thermal imaging can also assist the crew in better identifying other ships and floating 
objects, enhancing navigation safety. However, applying infrared thermal imaging technology on ships 
is subject to certain limitations, including the complex shipboard environment, such as intense 
exposure to sunlight, reflection from the sea surface, and high temperatures and humidity. The 
resolution of some infrared thermal imaging devices may not be high enough to make it difficult to 
present and distinguish clearly and accurately for some small parts or subtle temperature differences. 
The surface material, color, roughness and other characteristics of the object will affect its emission 
and absorption of infrared radiation, thus affecting the measurement accuracy of thermal imaging. As 
well as the future infrared automatic scanning directly on the computer to form thermal imaging and 
automatic alarm in danger are the need for more in-depth exploration, hope that infrared technology 
can be more widely used in ships in the future. 
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