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Comparison of Rooftop Surface Temperature and Indoor Temperature
for the Evaluation of Cool Roof Performance according to the Rooftop
Colors in Summer: Using Thermal Infrared Camera Mounted on UAV
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Abstract

The intensity and the number of days of high temperature occurrence are also high and record heat occurred.
In addition, the global warming phenomenon is intensifying globally, and especially in South Korea, the urban
heat island phenomenon is also occurring due to rapid urbanization due to rapid industrial development. As the
temperature of the city rises, it causes problems such as the comfort of the residential living and the cooling load.
In this study, the cool roof performance is evaluated according to the roof color to reduce these problems. Unlike
previous studies, UAV(Unmanned Aerial Vehicle) thermal infrared camera was used to obtain the surface
temperature (white, grey, green, blue, brown, black) according to the rooftop color by remote sensing technique.
As a result, the surface temperature of white color was 11~207C lower than other colors. Also air conditioning
temperature of white color was 1.5~4.4C lower than other colors and the digital thermometer of white color was
about 1.5~3.5C lower than other colors. It was confirmed that the white cool roof performance is the best, and
the UAV and the thermal infrared camera can confirm the cool roof performa
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Table 1. Specifications of UAV and thermal infrared camera

UAV

Thermal infrared camera

|

(Inspire 1)

(Zenmuse XT630 13mm, Radiometric (30Hz))

Weight 2935g Resolution 640 x 512
Flight altitude Max: 4500m Pixel size 17 um
Flight time Max: 18min FOV 45°x 37°
Speed Max: 22m/s Focal length 13mm
. . . -25C~ +135C(High gain)
Maximum wind resistance 10m/s Scene range -40°C~ +550°C(Low gain)

Selection of research target area

|

Color selection and rooftop
surface painting colors

|

Acquisition of surface temperature data using
thermal infrared camera
mounted on UAV

|

Indoor temperature data acquisition

|

Comparison of surface temperature and indoor
temperature according to roof colors

Table 2. Specifications of air conditioning thermometer
and digital thermometer

Air conditioning
thermometer

- 254
e =5
- | |

Digital thermometer

(AWR-WEI0) (Xiaomi precision
thermometer)
Temperature . Temperature .
display unit 0.1c display unit 0.1C
Temperature ) Temperature 4030
accuracy accuracy -
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Fig. 2. Study site drawing (Left of building No. 9)

Fig. 3. Study site : Building No. 9 painting with different
colors of Kyungpook National University

—Sangju Campus —

Fig. 4. 4th floor of building No. 9

for temperature measurement
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Table 3. Rooftop surface temperature images acquired by UAV-based thermal infrared camera
according to weekly different time

Time

Weekly representative rooftop surface temperature

Fourth week of
July

First week of
August

Second week of
August

Third week of
August

Fourth week of
August

Fifth week of
August

10h

12h

14h

16h

18h




Surface Temperature (10h)

60.00
50.00
40.00
30.00
2000
10.00
0.00
Fourth Frst Second Third Fourth Fifth
week of week of week of week of week of week of
July August August August August August
White ®Green ®Grey mBue mBroun mBlack
(@) 10h
Surface Temperature (12h)
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
Fourth First Second Third Fourth Fith
week of week of week of week of week of week of
Juty August August August August August
White mGreen mGrey mBue mBroun mBhck
Surface Temperature (14h)
30.00
70.00
60.00
50.00
40.00
30.00
2000
10.00
0.00
Fourth First Second Third Fourth Fth
week of week of week of week of week of week of
July August August August August August
White mGreen mGrey mBue mBroun mBick
(©) 14h
Surface Temperature (16h)
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
Fourth First Second Third Fourth Fifth
week of ‘week of ‘week of week of week of ‘week of
July August August August August August
White mGreen mGrey mBue mBroun mBick
Surface Temperature (18h)
60.00
50.00
40.00
30.00
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10.00
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Fourth Frst Second Third Fourth Fith
week of week of ‘week of ‘week of ‘week of week of

Juty August August August August August

Whitz= mGreen m Grey mBluc mBroun mBick
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Fig. 5. Rooftop surface average temperature acquired

by UAV-based thermal infrared camera
according to weekly different time (°C)
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Indoor Temperature (Air Contitioning) (10h)

50.00
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3000
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1000
0.00
Fourth Frst Second Third Fourth Fiith
week of week of week of week of week of week of
July August August August August August
White mGreen mGrey mBue mBroun mBlck
() 10h
Indoor Temperature (Air Contitioning) (12h)
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White mGreen mGrey mBue mBroun mBlack
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White mGreen mGrey mBue mBroun mBlbck
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Indoor Temperature (Air Contitioning) (16h)
45.00
40.00
35.00
30.00
25.00
20.00
15.00
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July August August August August August
White mGreen mGrey mBlue mBroun mBlack
Indoor Temperature (Air Contitioning) (18h)
50.00
40.00
30.00
20.00
10.00
0.00
Fourth Frst Second Third Fourth Fifth
week of week of week of week of week of week of
July August August August August August

White mGreen mGrey mBue mBroun mBlack
© 18h

Fig. 6. Indoor average temperature acquired
by the thermometer of the air-conditioning sensor
according to weekly different time (C)
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Fig. 7. Indoor average temperature acquired by a thermometer
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Indoor Temperature (Thermometer) (10h)

Fourth Fist Seond Third Fourth Fith
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White mGreen mGrey mBue mBroun mBlack
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Indoor Temperature (Thermometer) (12h)
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week of wesk of week of wesk of week of wesk of
luly August August Auvgust August August

White mGreen mGrey mBue mBroun mBbck
(b) 12h

Indoor Temperature (Thermometer) (14h)

Fourth Fist Second Third Fourth Fith
wesk of week of week of wesk of week of week of
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Indoor Temperature (Thermometer) (18h)

Fourth Frst Second Third Fourth Fifth
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luly August August August August August

White mGreen mGrey mBue mBroun mBiack
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according to the weekly different time (C)
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Fig. 8. Overall average surface and indoor temperature

by colors (C)
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