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Study on the Effect of Emissivity for Estimation of the Surface
Temperature from Drone-based Thermal Images
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Abstract

Recently interests on the application of thermal cameras have increased with the advance of image analysis
technology. Aside from a simple image acquisition, applications such as digital twin and thermal image
management systems have gained popularity. To this end, we studied the effect of emissivity on the DN (Digital
Number) value in the process of derivation of a relational expression for converting DN to an actual surface
temperature. The DN value is a number representing the spectral band value of the thermal image, and is an
important element constituting the thermal image data. However, the DN value is not a temperature value
indicating the actual surface temperature, but a brightness value indicating high and low heat as brightness,
and has a non-linear relationship with the actual surface temperature. The reliable relationship between DN and
the actual surface temperature is critical for a thermal image processing. We tested the relationship between
the actual surface temperature and the DN value of the thermal image, and then the radiation adjustment
was performed to better estimate actual surface temperatures. As a result, the relation graph between the
actual surface temperature and the DN value similarly show linear pattern with the relation graph between
the radiation-controlled non-contact thermometer and the DN value. And the non-contact temperature after
adjusting the emissivity was closer to the actual surface temperature than before adjusting the emissivity.
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amount, /,, is the transmission amount, 7 , is the absorption

amount.
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Table 1. XT2 camera specification and MATRICE drone

setting
Zenmuse XT2 thermal MATRICE 200 V2
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Focal Length 13mm Flight Elevation 35m
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Table 2. Fig. 7's thermal image name and DN value

(@) (b) ©
image name | DJI 0101 | DJI 0103 | DII 0105
DN value 7917 7918 7916

Table 3. DN value of Target site

target material sun/shade| DN value
1 wood sun 8073
2 silicon carbide(white) sun 7813
3 silicon carbide(black) sun 7957
4 cast iron, strong oxidation sun 7646
5 asphalt, pavement sun 8007
6 silicon carbide(white) shade 7485
7 silicon carbide(black) shade 7524
8 cast iron shade 7441
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Table 4. Target temperature (unit : °C)

non-contact | non-contact
e mateal | emperature temperature SR
¢ ¢ (Sem) (50cm) P

1| sun wood 56.7 56.1 4.8
silicon

2 | sun carbide(white) 48.2 475 454
silicon

3| sun carbide(black) 573 571 51.1

4 | sun cast iron 40.1 394 40.8

5| sun pisv%}igﬁt 54.1 54.0 50.1
silicon

6 |shade carbide(white) 27.6 274 32.1
silicon

7 | shade carbide(black) 276 274 31.6

8 |shade| castiron 274 26.9 317
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Fig. 8. Target temperature graph (unit : °C)
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2 27 AR 23 (d)Er AR B 20| o 2joldt
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AE A8l A h(Fig. 9). L0 WYE 22 Table 42] A
Al 3 255 AIRE gholH, gk A2 o] ghel Aotk
2 AFolA] A 3 229 DNgEO] A4S Eq. (14)3F
A3, 3] 52 10.0390]Tk Fig. 99 749, A% 29}

DNZhte] BANS 27] 913 T2 AR B LE8 2
AR W% SRS hR%50 2, QM o|u] A9 DNGEE A=
%02 AR e,

Table 5. Before and after radiation adjustment and actual surface temperature

material non-contact DN(b) ) T-Linea!' radiation adjugtment contact
number | temperature(’C)(a) adjustment("C)(c) temperature('C)(d) temperature('C)(e)

1 56.4 8073 49.77 46.04082 42.8

2 47.85 7813 39.37 46.3852 454

3 57.2 7957 45.13 49.61224 51.1

4 39.75 7646 32.69 38.53316 40.8

5 54.05 8007 4713 51.29235 50.1

6 275 7485 26.25 26.65816 321

7 275 7524 27.81 23.85204 31.6

8 2715 7441 24.49 26.31888 317

Average of absolute value (measureing temperature — contact temperature(e))

5.05

5.8625

3.4680 | 0
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EFJIQIck(Fig. 10). Fig. 1004 24, s
__\;:78—), = EAFE OfAE O] HIA}-O 7}
4 0. 85(74) 0.95,0.93°. & AAE AT vH

HIAL 24 71k DNZEe] THA| AL o}
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Radiation adjustment temperature = 0.042 X DN—287.59  (15)
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