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Abstract

Land surface temperature is known to be an important factor in understanding the interactions of the ground-
atmosphere. However, because of the large spatio-temporal variability, regular observation is rarely made. The
existing land surface temperature is observed using satellite images, but due to the nature of satellite, it has the
limit of long revisit period and low accuracy. In this study, in order to confirm the possibility of replacing land
surface temperature observation using satellite imagery, images acquired by TIR (Thermal Infrared) sensor
mounted on UAV (Unmanned Aerial Vehicle) are used. The acquired images were transformed from JPEG (Joint
Photographic Experts Group) to TIFF (Tagged Image File Format) format and orthophoto was then generated.
The DN (Digital Number) value of orthophoto was used to calculate the actual land surface temperature. In
order to evaluate the accuracy of the calculated land surface temperature, the land surface temperature was
compared with the land surface temperature directly observed with an infrared thermometer at the same time.
When comparing the observed land surface temperatures in two ways, the accuracy of all the land covers was
below the measure accuracy of the TIR sensor. Therefore, the possibility of replacing the satellite image, which
is a conventional land surface temperature observation method, is confirmed by using the TIR sensor mounted
on UAV.
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Generation of Land Surface Temperature Orthophoto and Temperature Accuracy Analysis by Land Covers Based on
Thermal Infrared Sensor Mounted on Unmanned Aerial Vehicle

Table 1. Specifications of UAV and TIR sensor

UAV: Inspire 2 TIR sensor: FLIR vuepro R

Weight 32909 Resolution 640 x 512
Speed <94km/h Focal length 19mm
Flight altitude <2500m Spectral range 7.5~13.5um
Flight time <27min FOV 32° x 26°
] Vertical: 0.5m Measurement accurac +5°C or 5% of reading
Hovering accuracy Horizontal: 1.5m Thermal imager #ﬁ‘;gg!ﬁg%ﬁ;
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Fig. 2. Work flow of the proposed approach
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Fig. 3. Orthophoto generated from TiFF-format TIR images
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Thermal Infrared Sensor Mounted on Unmanned Aerial Vehicle
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where Dist = Distance to target, RAT = Reflected Apparent
Temperature(varies with sky condition and humidity), Hum
= humidity, AirT = Air Temperature, E = Emissivity.

Table 3. Each parameter included in the formula

Parameter Value
PlanckR1 17096.453
PlanckR2 0.0468789
PlanckB 1428
PlanckF 1
TIR PlanckO -374
sensor o 0.006569
ay 0.01262
by -0.002276
b -0.00667
X 19
Dist 110m
) RAT 22°C
en%lill?:l?l:llgnt Hum 45%
AirT 22°C
E 0.95

Fig. 5= DNgEe 2 A3 HARgAr
o Ao s vkt Q) g i
8 99 WEE FHekel 1Yo
Gkl AR ATEE sk ¢48l VRS (Virtual Reference

Servic) 2 adelo] AEsigon BRUAL X
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Table 4. Analysis of land surface temperature accuracy(‘C)

Point Land Orthophoto-based Thermometer-based | Absolute difference of | o op STDEV
(EA) surface cover | average temperature average temperature | average temperature

1-8(8) Urethane 25.79 25.94 24 +2.88 | +3.08
9-14(6) Artificial turf 25.02 2313 2.38 +2.77 | £2.23
15-20(6) Bare soil 11.95 10.98 1.03 +1.37 | £107
21-22(2) Rooftop 22.15 22.10 2.55 +255 | 361
23-33(11) Vegetation 12.87 13.00 1.53 +1.88 +1.97
34-35(2) Marble 14.05 13.80 0.85 +0.89 | +1.20
36-44(9) Asphalt 18.86 18.80 2.68 293 | 311

2.62m, Y3 0.88m 2 etk Hold SEAR ASgH A el 914 oabe] i 7Hs A L AlZHE Ak de) DN

S5t iE?n HEE YA A gray-scale= LER
Qom 2= gho] &4 A S, &% ghol
FE55 ou5A S BANS

Ubs A9 GAkgd Aol A g 0] Al 2 3= A
ofol ML © A}5 eI,

Table 4= AAGA oA AFESE 2|7 229} QA
SAR A B AFW LEE A2t E g
=olo] Hi &%=, A x}(absolute difference) Ho+ &=,
A FLe A}, EEHAHSTDEV: Standard Deviation) 2

o M I‘}O

WS o, 2=A
Aol A 2E A E
¥ UEh e %L B
717y QEek 2.4°C, 1%
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2]4] 0.85°C, o}ATE 2.68 c 2 Uepgon BiAELe
2} E2UR} Eo ussl Ago 2 vebyh AgE 3
7} Ayt RS AFFS Ho x| I o] 8- A2 ALY
o2 WS YA} 2EAR WET 95| A7t A%t
3 AR|5}A] ol vRE = Ao 2 sdE e shRu G2
Q)4 AlAe] 24 AShw (£5°C or 5% of reading) S 7+t

< o, BE F79 gEE5 tiaiA] AEHe] 2271 HE
SHA| AFEEINES & 4 AT ol AAITS 5611 74]
Al 2 EH 2 O] Aot oF fARSHAL A% ) H

& & = drf(Bae et al, 2018). o] & 53 F¢1 6;}%1—71011
HAE dHe)A AAE ol gt 7180 AuH LIS
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were measured
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