




Fig. 13. Results from the unmanned aerial vehicleebased infrared camera.
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4. Conclusion

This study used rotary-wing UAVs carrying dual
cameras to capture infrared images of an area
500 m in diameter for 12 min with a flight height of
150 m, an image overlap of 80%, and an image
resolution of 4.75 cm/pixel. Compared with the
conventional method, which involves measuring
sea temperature at selected points, the method
proposed by this study allows rapid measurement
of the surface temperature of a nearshore area,
determination of its temperature distribution, and
monitoring of its temperature diffusion. The results
indicate that the discharged heated water traveled
100e330 m from the wastewater outfall and grad-
ually diffused at a range of 100e490 m until
reaching a temperature close to the background sea
temperature. Infrared images were captured
consecutively for 24 hours to determine the natural
environment's effect on the diffusion of discharged
heated water, and the results suggest that infrared
images taken in the early morning or between dusk
and night yield better results than those taken at
noon. This is primarily because sunlight causes
reflection off the surface of the water, which

produces noise in infrared images that affects data
analysis. Generally, the diffusion of thermal
plumes is affected by regional marine meteoro-
logical conditions. This study proposed a novel
approach to observing sea temperature diffusion.
However, the frequency of observation was not
sufficient to accurately reflect the characteristics of
sea temperature distribution. Future studies can
increase the frequency of observation and apply
statistical methods in comparison with data
measured in situ to obtain more accurate data. In
addition, numerical models can be used in such
comparisons for more comprehensive research.
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