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Abstract: There are various methods and sensors for measuring tempera-
ture, which are common on board ships. Hence, it is very important to choose 
the right sensor for a particular purpose. In this paper, two sensors and their 
working are described. The paper presents experimental work in measure-
ment with these sensors. The samples measured and their parameters are 
also described. Additional value of this paper is connection of this paper di-
ploma thesis. The experiments are executed under the same environmental 
conditions. Also, it is discussed what the best purpose is for each of the two 
sensors. 
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1. Introduction  

Temperature sensors play an important role on board ships in control 
systems [1 - 4]. Therefore, it is important to include them in the education of 
marine engineers. The Faculty of Maritime Studies in Split has received a 
new automation laboratory. Hence, it was expected to use such equipment 
for educational and/or scientific purposes.  

Importance of temperature measurement in marine engineering is well 
known. The temperature can be used for fault diagnosis and preventive 
maintenance [5 - 7]. Such methods are widely used, as the following exam-
ples show: thermography diagnosis of electronic elements [8], condition di-
agnosis of HV cable accessories [9], fault diagnosis of reciprocating compres-
sors [10], fatigue life evaluation of filled rubber [11], detection and identifi-
cation of defects in 3D printed dielectric structures [12], determination of 
the operating condition of a conveyor belt drive system [13], detection of 
trucks in rest areas under winter conditions [14], tracking of people [15], 
evaluation of warm roofs in cold regions [16], detection of oil spills [17], use 
of thermography in the diagnosis of ship piston internal combustion engines 
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[18], use of fiber bragg grating temperature measurement for long-period 
monitoring for LNG marine auxiliary [19], etc. 

In this paper, we describe the comparison of temperature measurement 
using PT sensor and a thermal imaging camera. Thermal imaging cameras 
are usually used for periodic inspection and prevention on board ships. The 
experimental work was carried out by a student, which is a start for incor-
porating new devices into education. A similar interesting research was 
done in [20] where the measurement of strain was studied. 

The paper is divided into 4 sections. The second section describes mate-
rial and equipment. The third section presents the results. Finally, conclu-
sions are drawn. 

2. Materials and Methods 

Types of temperature sensors used on board ships are thermistors, re-
sistance temperature detectors (RTD), thermocouple, and periodically ther-
mal imaging camera, which was brought aboard with a maintenance team. 
Here is only the basic of this two sensing devices.  

The commonly used component as resistance wire (sensing element) of 
the RTD are Platinum (Pt), Nickel (Ni), and Copper (Cu). Popularly used Plat-
inum RTD are Pt-100, Pt-1000. The name Pt-100 is because at 0°C resistance 
is 100 . Measurement of this sensor is based on one of the basic electric 
laws – thermal dependency of the electrical resistance: 

  R R    0 1  (1) 

where R is the electrical resistance at desired temperature, R0 the resistance 
at the referent temperature,  thermal coefficient and   the temperature 
difference between the desired temperature and the referent temperature. 

Thermal imaging camera, on the other hand, grasps the radiation re-
flected or emitted from the measured object (body). The real emission of 
thermal radiation from any object can be computed by multiplying the black-
body radiation and the emissivity, ε. The emissivity of an object is the ratio 
of the amount of radiation actually emitted from the surface to that emitted 
by a blackbody at the same temperature. Emissivity of the body can be de-
rived from Kirchoff’s law, which states that the amount of radiation ab-
sorbed is equal to amount of radiation that is emitted by this object, which is 
expressed by  = , where ε and the so-called absorptivity α denote the frac-
tion of radiation that is either emitted or absorbed. Considering the fraction 
of the incident radiation this law can be written as: 
 1 = R + T + α  (2) 
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where R and T denote the fraction of radiation that is either reflected or 
transmitted. Hence, thermal imaging camera can detect only surface temper-
ature or something/some process that changes the temperature of the sur-
face. 

2.1.  Test material 
Antifreeze is used to lower the freezing point of refrigerant for equip-

ment operating at relatively low temperatures. The antifreeze is placed in a 
stainless steel (also called Inox) container with a volume of 0.001 m3. The 
antifreeze used is INA ANTIFRIZ SUPER (trade mark). The basic properties 
of the sample are:  

– The density at 20 °C is equal to 1.114 g/cm³.  
– The flow rate is -36 °C and the boiling point is 164 °C. 

2.2.  Experimental equipment 
The thermal imaging camera used, Testo 885, can be used in a wide tem-

perature range from -15 to +50 °C. Humidity can range from 20% to 80%, 
and vibrations can be up to 2 G. 

Electrical temperature sensors are implemented in the experimental 
unit WL 202, which covers many temperature measurement methods. A dig-
ital multimer with high-precision resistors was used for calibration. 

 

Fig. 1 – Experimental device WL 202. 

The antifreeze was heated in a stainless steel container with a volume of 
one liter. The laboratory heating is set to 50 °C. The measurement started 
after 20 minutes of heating. The average ambient temperature was 25.4 °C. 
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The measurement temperatures were: 50°C, 60°C, 70°C, 80°C, 90°C, 100°C, 
110°C. The emission factor of the device was εd = 0.95 m and the emission 
factor of the antifreeze was εa = 0.98.   

3. Results 

In this section, we present the experimental results. Table 1 shows the 
measurement results for the two sensors used: Pt-100 and thermal imaging 
camera. The first obstacle in the comparison lies in the nature of the devices. 
The thermal imager displays the spatial distribution of the temperature. 
Therefore, it is possible that there are points with the same temperature de-
tected by the Pt -100 sensor. However, we need to determine the measure-
ment point visually. 

Table 1 – Measured temperatures with sensor and thermal imaging camera. 

 Measured temperature (°C) 
Thermal imaging camera Pt-100 sensor 

Measured set 
point (°C) 

Measurement 
point (MI) 

Average tempera-
ture (AVI) 

Measurement 
temperature 

50 49.9 51.1 50 
60 57.8 57.3 60 
70 73.2 73.3 70 
80 80.6 80.5 80 
90 91.6 90.6 90 

100 99.6 98.4 100 
110 112 112.9 110 

Figure 2 shows comparison of measured results. It can be seen that ther-
mal imaging cannot grasp the exact temperature due to various external fac-
tors, such se refraction, abortion from the air, etc. Consequently, the Pt-100 
sensor is better when exact measurement is necessary. However, in cases 
when Pt sensor cannot be applied, there is a use of thermal imaging cameras, 
such is in detection of cracks and stress. 
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Fig. 2 – Comparison of measured temperatures for Pt-100 and camera’s average 
temperature. 

Figures 3 and 4 shows examples of measurement by thermal imaging 
camera. The images and tables are taken exactly from the camera app. 

It can be seen that the thermal imaging camera provides more data, but 
it is difficult to know which temperature is the correct one for a possible 
control system. 

 

Fig. 3 – Example of measurement obtained by thermal imaging camera: the set tem-
perature is 70 °C. 
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Fig. 4 – Example of measurement obtained by thermal imaging camera: the set tem-
perature is 110 °C. 

4. Conclusion 

Students could make conclusion that PT -100 sensors measure temper-
ature more accurately even though the camera is more expensive and a more 
sophisticated device. There is also confusion about what temperature should 
be used for the control system in the case of the camera. On the other hand, 
PT -100 gives a temperature that is not confusing. Students should be taught 
that both sensors have their range of application. In such an application, the 
respective sensor has an advantage.  

5. Acknowledgments 

The equipment used was obtained by the project “Functional integration 
of the University of Split, PMF / PFST / KTF through the development of sci-
entific and research infrastructure in the three faculty (3F) building”. The 
work is performed by the research group for application of new technologies 
in maritime affairs (https://brod.pfst.hr/~ivujovic/zn_grp.html). 



Temperature Measurement and Applications on Board Ships… 
 

171 

References 

[1] H. Laurila, “Pt100 temperature sensor – useful things to know,” avail-
able at: https://blog.beamex.com/pt100-temperature-sensor, (ac-
cessed 20.09.2021.) 

[2] “MI RTD Sensor failure,” available at: https://www.sterlingsen-
sors.co.uk/pt100-rtd_case-study, (accessed 20.09.2021.) 

[3] “Marine Industry Sensors,” available at: https://www.sen-
matic.com/sensors/business-areas/marine-industry, (accessed 
20.09.2021.) 

[4] “Types of Temperature Sensor Used on Board Ship – METO,” available 
at: http://www.marineeto.we.bs/2020/07/06/temperature-sensor-
types-used-on-board-ship/, (accessed 20.09.2021.) 

[5] P. Goswami, “Thermal Imaging and its Applications,” available at: 
https://www.slideshare.net/priyanka1194/thermal-imaging-and-
its-applications, (accessed 20.09.2021.) 

[6] “Industries applications,” available at: https://www.infratec.eu/ther-
mography/industries-applications/building-thermography/, (ac-
cessed 20.09.2021.) 

[7] B. Dudojc, and J. Mindykowski, “New Approach to Analysis of Selected 
Measurement and Monitoring Systems Solutions in Ship Technology,” 
Sensors, 2019, 19, 1775; doi:10.3390/s19081775 

[8] K. Dziarski, A. Hulewicz, G. Dombek, R. Frackowiak, and G. Wiczynski, 
"Unsharpness of Thermograms in Thermography Diagnostics of Elec-
tronic Elements,“ Electronics, 2020, 9, 897; doi:10.3390/electron-
ics9060897 

[9] L. Mu, X. Xu, Z. Xia, B. Yang, H. Guo, W. Zhou, and C. Zhou, "Autonomous 
Analysis of Infrared Images for Condition Diagnosis of HV Cable Acces-
sories,“ Energies, 2021, 14, 4316. 
https://doi.org/10.3390/en14144316 

[10] R. Deng, Y. Lin, W. Tang, F. Gu. and A. Ball, "Object-Based Thermal Im-
age Segmentation for Fault Diagnosis of Reciprocating Compressors,“ 
Sensors, 2020, 20, 3436; doi:10.3390/s20123436 

[11] W. Luo, Y. Huang, B. Yin, X. Jiang, and X. Hu, "Fatigue Life Assessment 
of Filled Rubber by Hysteresis Induced Self-Heating Temperature,“ 
Polymers, 2020, 12, 846; doi:10.3390/polym12040846 

[12] B. Szymanik, G. Psuj, M. Hashemi, and P. Lopato, "Detection and Iden-
tification of Defects in 3D-Printed Dielectric Structures via Thermo-
graphic Inspection and Deep Neural Networks,” Materials, 2021, 14, 
4168. https://doi.org/10.3390/ma14154168 

[13] D. Szurgacz, S. Zhironkin, S. Vöth, Jiří Pokorný, A.J.S. Spearing, M. Ceh-
lár, M. Stempniak, and L. Sobik, "Thermal Imaging Study to Determine 



M. Petković, L. Škrobo, I. Vujović, I. Kuzmanić 
 

172 

the Operational Condition of a Conveyor Belt Drive System Structure,“ 
Energies, 2021, 14, 3258. https://doi.org/10.3390/en14113258 

[14] M. Kasper-Eulaers, N. Hahn, S. Berger, T. Sebulonsen, Ø. Myrland, and 
P. E. Kummervold, “Short Communication: Detecting Heavy Goods Ve-
hicles in Rest Areas in Winter Conditions Using YOLOv5,” Algorithms, 
2021, 14, 114. https://doi.org/10.3390/a14040114 

[15] S. Yeom, “Moving People Tracking and False Track Removing with In-
frared Thermal Imaging by a Multirotor,” Drones, 2021, 5, 65. 
https://doi.org/10.3390/drones5030065 

[16] K. Lee, J. Park, S. Jung, and W. Lee, "Roof Color-Based Warm Roof Eval-
uation in Cold Regions Using a UAV Mounted Thermal Infrared Imag-
ing Camera,“ Energies, 2021, 14, 6488. 
https://doi.org/10.3390/en14206488 

[17] T. De Kerf, J. Gladines, S. Sels, and S. Vanlanduit, „Oil Spill Detection 
Using Machine Learning and Infrared Images,“ Remote Sens., 2020, 12, 
4090; doi:10.3390/rs12244090 

[18] J. Monieta, “The use of thermography in the diagnosis of ship piston 
internal combustion engines,” 17th Int. Conf. Diagnostics of Machines 
and Vehicles, MATEC Web of Conferences, 2018, 182, 01027, doi: 
10.1051/matecconf/201818201027 

[19] Fenghui Han 1,2 , Zhe Wang 1,2,* , Hefu Zhang 1, Dongxing Wang 1, 
Wenhua Li 1,2 and Wenjian Cai, “Experimental Study of Large-Tem-
perature-Range and Long-Period Monitoring for LNG Marine Auxiliary 
Based on Fiber Bragg Grating Temperature Measurement,” J. Mar. Sci. 
Eng., 2021, 9, 917. https://doi.org/10.3390/jmse9090917 

[20] X. Yue, H. Chen, H. Qu, R. Min, G. Woyessa, O. Bang, and X. Hu, "Polycar-
bonate mPOF-Based Mach–Zehnder Interferometer for Temperature 
and Strain Measurement," Sensors 2020, 20, 6643; 
doi:10.3390/s20226643 

 
Submitted: 11/03/2022 Miro Petković, Luka Škrobo,  

Igor Vujović & Ivica Kuzmanić  
University of Split,  
Faculty of Maritime Studies, 
Ruđera Boškovića 37, 21000 Split, Croatia 
Email: mpetkovic@pfst.hr, ivujo-
vic@pfst.hr, ikuzman@pfst.hr 

Accepted: 26/04/2022 

 
 


