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ABSTRACT

Urban heat islands occur due to increases in the extent of artificial surfaces such as concrete, asphalt and high-rise
buildings. In this regard, research into the use of satellite thermal infrared images for thermal environment analysis of
urban areas is being carried out. However, such analysis of the characteristics of individual land cover with low-resolution
satellite images suffers from limitations because land cover patterns in urban areas are complicated. Recently, UAV has
been widely used, which can compensate for this limitation as it is able to acquire high-resolution images. In this paper,
the accuracy of UAV infrared images is verified and the applicability of UAV in urban thermal environment analysis is
examined by comparing the results with land surface temperatures from Landsat 8 thermal images. The results show a
high positive correlation of temperature values at 0.95, and no statistically significant difference between the two groups.
Comparisons of land surface temperature according to land cover showed that the largest difference observed was 4.63C
in the Used area, and UAV images with small cell units reflected various surface temperatures. Furthermore, it was possible
to analyze the surface temperatures of various green spaces such as wetlands and street tree areas, which can lower surface
temperatures in urban areas, with street tree shadows reducing surface temperatures by about 4-6 C. UAV can easily and
rapidly measure the surface temperature of urban areas and is able to analyze various types of green spaces. Thus, this
is an effective tool for thermal environment analysis in urban areas to aid in the design or management of urban green
spaces, as it can allow for land cover and the effects of the various green spaces.
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Figure 2. Flowchart
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Table 1. Features of UAV and thermoMAP

7 BAN 247154 AER AR ArkFigure 2 #3).
TgFs) AHe) o] AL AFeTA FARAE UAV
59 A7 SAge) BAA A3 AFIHL AR, 9% Wingspan 90mm
& HRg 98 FUeE719% Landsat 8 2H 9] GgelA 2t Weight 0.6%
28 AXL2EE vl FASIE o8 viEo R A U o Speed 40~90km/h
7 #4948 7154E WEATA lREAE oz oy aht e —
. - - Maximum flight time 45 minutes
I8 23 FH6siT e IAD
D) 719 949 o 24 2 ARLE 33 o e
- e Scene temperature -40~160C
senseFly/\}QJ lzé@'?* eBee°ﬂ %Zj'ﬂ 7}1]1] E]'% %XH 3]—04 Temperature resolution 01C

A E 2% (Land Surface Temperature: LST)E # 533t

eBeed] @714 lE %6em, FAE 0.6%g, £+ 40~90km/h,
Ao WY 7% 1kmoltH(Choi ef al, 2017). 2% AWM= eBee
thermoMAP(TIR) & -85}, o]w]A] Z7|= 640%512 pixels
olm, —40~160T< 2% WA 01TCHIZ AT & 9l
TH Table 1, Figure 3 3%).
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Figure 1. Study site
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A, 14X e Adrkg of 1FA1S 127 0] § F71E o 2670 Scene cloud cover 6%
o Ao ERE L34S ot F 510 A9 S4uS & Image quality g
QArk(Figure 4 #2). 9E FAFF7] 942 Are Map 103 Sun clevation o

Sh2x7AEk|K| N| 463 25 (20184 4%) 5b



Journal of the Korean Institute of Landscape Architecture 186

e Jfe] wjg A= RADIANCE__MULT
BAND_ xdl|, "= 9] 7Ht 4= RADIANCE
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A BAEARB (L) E 4 (2)9 uhel 872 (T) 2 43

kit

Table 3. TIR thermal constant

K K,
Band 10 774.8853 1,321.0789
Band 11 480.8883 1,201.1442

USGSeIA AZE AN E WILES Fole 4o, w
259 Tl AHLE
AF 4 FhE AgSE ANE B1eE(T)E
qol Wk $EEE A4S 4 (30 meh AXLE(LST)

)

SZT (4 3)

(Table 4 #=x)

Table 4. Emissivity according to NDVI ranges

NDVI ranges Emissivity( €)
NDVI < —0.185 0.995
—0.185< NDVI < 0.157 0970
0.157< NDVI <0.727 1.0094+0.047In(NDVT)
NDVI > 0.727 0.990

Sorce: NIMS(2016)
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Getting Land Surface

Temperature by distance
(Meanand Median)

Road (Asphalt)

Pavement

Building

Figure 6. Buffer from canopy(per 1m)
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Table 5. Result of Wilcoxon-test

Temp.(MEAN+SD)
\%
Measuring UAV TIR 4
3192896 3622621 419 007
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0% A7) Hedl ALz AHth(Table 6 #%).

W] GEFANLL
02 ¥ 4 9IrHFigue 8 32, o) AZLET EAW, AHo] A4 F& AVT 7% A
B4 5598 ARSES Bagel o8 M A% A7t ESED NS B9 208 BHR T WAL ¥ A

3t A9 46T, A 16T, 24 08T, WA 05T, 9AY o] Hol: EA & # 3
03CE A7Ist A9 9] 2% o7t 7 =2 AR Yels Landsat 8 7oA 27.7CoI3len, FAg=z7] F4elA
o). Landsat 8 Aol &3 A718k A1 AR L= A 261TC2% Landsat 8914 &8 AR ol ¥ =7 vtk
2 3L7CoIglem, FAFE)E 63T FAFE 71 B ol AEAY FH o]
A 329 2% ol ¥ =3tk A - AR eY g5 ol2g A7t vehd Zlojet ddd:

A, AL - RARAE S o] AE2 T o] 39T de R y T35 719 Landsat 8 E49] 9] 22 779 2k
Ehbe A9 WA H7E 169%2 AA A7kst A1 F ok ARz AAsta, 7 Lz Apol & vtk I A

Legend

Temperature

- 24.2C

Legend

Temperature

. 26.2°C

- 51.2C

34.0C
Figure 8. LST map of study site according to image
Table 6. Surface temperature by land cover classification
~ Temperature (C) Temperature (C)
Low levgl .lam.i High-level land cover classification Area ratio(%)
cover classification | andsat 8 UAV Difference UAV

Individual residential facilities 39.6 93
Residential facilities 3381 13
Industrial facilities 322 0.2
Commercial - business facilities 402 51

Used area 317 36.3 46
Cultural - sports - recreational facilities 332 0.3
Road 336 230
Education - administrative facilities 39.9 15
Other public facilities 417 1.0
Readjustment field 316 01
Agricultural land 29.7 294 03 Untreated field 294 126
Orchard 299 04
Broad-leaved forest 26.7 15
Forest 217 26.1 16 Conifer forest 259 127
Mixed forest 26.5 45
Cemetery 218 2.8

Grass 287 295 03
Other grass 29.8 182
Playground 29.1 14

Barren 313 318 05
Other barren 331 41
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Figure 9. Graph of LST according image

Table 7. LST on road by distance

. Temperature (C)
Dlstance( M) ) . 2 . 3
Shadow Difference’ Non shadow Difference Difference
0~1 291 - 337 - 46
1~2 30.0 +0.9 36.0 +2.3 6.0
2~3 318 +1.8 36.7 +0.7 49
3~4 329 +1.1 373 +0.6 44

1,2: Difference of temperature per distance.
3: Difference between shadow and non shadow temperature,
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Figure 10. LST on road by distance
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