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Spatial downscaling of thermal infrared image
based on improved three-layer decomposition model

ZHANG Wen-Qi'*?, GONG Cai-Lan'”*, HU Yong'?’, SONG Wen-Tao'*”*, KUANG Ding-Bo'
(1. Shanghai Institute of Technical Physics,Chinese Academy of Sciences,Shanghai 200083, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Key Laboratory of Infrared System Detection and Imaging Tcchnology , Chinese Academy of Sciences, Shanghai 200083, China)

Abstract; Land surface temperature is one of the important parameters of geogas interaction and energy
exhange. In order to obtain the land surface temperature data with high spatial resolution, this research
improved a method of downscaling thermal infrared remote image, and was verified using Shanghai
Landsat 8OLI/TIRS image as the data source. The Normalized Difference Vegetation Index (NDVI)
was decomposed into low frequency layer,edge layer and detail layer, in which edge layer and detail
layer are scaled up to the thermal infrared data. The proposed algorithm used simulated LST (270 m) as
a downscaling data source to achieve downscaling LST (90 m) ,and compared with the classical thermal
infrared downscaling method DisTrad algorithm and TsHARP algorithm. The results show that all three
downscaling methods preserve the spatial characteristics of the original land surface temperature, but the
DisTrad algorithm and the TSHARP algorithm add the detailed information that does not exist in origi-
nal land surface temperature data. The improved three-layers decomposition model has a root mean
square error of 0. 913 K, which is 0. 937 K and 0. 832 K higher than the DisTrad method and the
TsHARP method.
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Fig.1 Sketch map of study area
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Fig.2 Schematic diagram of the method
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Fig.3 (a) Land surface temperature image, ( b) DisTrad
Land surface temperature, (¢) TSHRAP land surface tempera-
ture,and (d)proposed Land surface temperature image

(#180% ) , i DisTrad F1 TsSHARP EIAH X} 57> (50%
KiAT) AR E KT 1 B3 BN, A8 Bk 22 K]
RN E TG BB DLR B, AR SO IR
TR 4

FERIF I DX 53 A A e R A AR B DX 38, PR 3 1 ke 2
AR T IES A, T AR BIAEL - 1,1 ] 2 [H]
A DX I JOT o B 49 O T AR A X, 3 156 B 1
NDVI 5yt By £ 4 28 47 B RUE BiF 5 ), 7 AE 81X
B AR IR T AR A X I

B4 (a)DisTrad B k5% 22K, (b) TsHARP Hyk 5k 22 &,
(o). ALk 2 E
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TsHARP, and (c)the residual of this paper

3.2.2 W-RMSE i54riEH

RMSE 1 MAE J& TR %K B 47 Gt it 5
(1. Bt 25 (] 43 FE AR 046 5, S AR 4 i) 25 Sl ok
K, RMSE fRMER A 11500 S54RI &, FrAA



2 1y L 2% IR = R R AL SN AR [ R 5 207

DisTrad

|2 A

o
[X 8] /K
(€))

TsHARP

e A

[XTa] /K
(b)

KCH

ERE  fEH

5 (a)DisTrad Bk Z R EHJ7E, (b) TSHARP
BRIRZEE BT, (o) AR SO ikak 22 K BT I ge it
Fig.5 (a)The histogram of DisTrad, (b) the histo-
gram of TSHARP, (c) the histogram of this paper

S RS AS R AR DX S R v A X 2 SR
THEFHE RMSE, X451 He d: 47 A & 5 1)
S E RS 1 W-RMSE 75 R EM B 153555,

DX 35 P 7 258, T o AR A AR A /N X
®2 TRERMTEITEMN

Table 2 Quantitative evaluation results of the experiment

T 22 54 )R Z W AR, S T B 1k MR X AUE ) 52
M) , 38 A X AN ] XS AR AN TR B STt AR Sk
EAENERKRE w,,, =5, SRR RAERT S
B, 3% w =5, B O R/ MG 15 = 15.

e =) N GTIOEERIER - &€/ NP =1 I NIE- 3 =311
GBI o, MR FUEAR M IE 1, 2 B R
JEHSARIE , BAR AL 1.

*1 EENER
Table 1 Quantitative evaluation indices
TN FER AR P4

RMSE /LT
MAE /NI
AT 1
o i
W-RMSE /N
R 2 nf DRI

(1) DisTrad [ RUEE Y 7 BRAEIF 92 X _LoKS 0
25,1 TsHARP [ K5 B O, R SC 7 i 7E RMSE,
MAE DL} CC Dk K% W-RMSE |- #5753 T % I 4
ZER

(2) WG IX kg FEL B DX RN AR FE B X 40 391 2R A 7
5%, RMSE \MAE L & CC 7R R #% X (ARG B2 (K T
FE B DX, 315 B B 850 ( ND V) 7 B RUBE g HH rhoxsf
TR X A FRak HEONAER . [RIAE , i e i) W-RMSE
. 52 B A DX 2 B 4 R 1R 2 Y R R

Wil 5 A5 25 (B 0 BESR I 32 5, 500 8O H:
TR AR A e R . AR PR S ST
KRBT T RS M PR a S5 N RIRZE 1
1R 25 ] PR T M R S A A R T AN 2 T B A &
PERIRY ] DR R 1Y, X A& 38 i DisTrad 1 TsHARP 75
A LST £t i, 1 22 R i PR 22— A SCO7 ik
SN NDVI Bl 73 il 3 2, ¥ 30 5 J2 T Al 15 )2 4
TR i B E e L, % iR S5 k45 B0 R

DisTrad TsHARP AR
JEYES i Fetei Bk FH B FERBE Bk FH B FEAEBE
RMSE(K) 1.850 1.171 2.238 1.745 1.012 2.117 0.913 0.753 1.024
MAE(K) 0.585 0.522 0.650 0.534 0.521 0.541 0.002 0.002 0.003
CC 0.965 0.985 0.925 0.968 0.990 0.935 0.996 0.998 0.996
W-RMSE(K) 2.855 2.297 3.326 2.704 2.132 3.284 1.798 1.536 2.068




208 4h 5 2 K F W 38 %

AR RE W8T 22 (AR 5T T R] A2 BA ]
8 IXARRRLORIE T e RORE B8 7 25 [ 45 4 b T S8k
B i — 2k

4 g

150 25 [ 73 3R 11 b b T B 5 AT B T4 o PR
S ARG, SRy T A 7 S B m P b I o RS
Tk, A CHEHE RMSE, MAE | CC DL ) et it i) W-
RMSE 1y & EAFN 565, 4T DisTrad 8 3% \ TsHARP
S LA B SO i B RUBE 45 SR AT T ER B o b
GER RN

(1) =7 3 e RUE 4 45 AR A 85y 52 B 1
PRFE 1) [ B, 2 18] 23 B R0 A — 8 B 1y $2 7
DisTrad 591 TsHARP 535 [5 RURE ) i 25 B 50l
SRR IR R A E, BOnAR Z2 4075 (5 8., i A Le 40
T B A SR B TR AR, A .

(2) th F RMSE 1R ¥ 235 H 400 5 288U 3¢
FHNZS () G540 06 FR . AR SCR T T Bk Y W-RMSE
VERPFNAERR T8 AR I T % 7 25 R X A
FIALEE , fieJ5 AL RMSE 15 A% i K144 W-RMSE.
ADUASFE B (4 PEA, A SCHY 375 3 B T Bl 1
gEARL.

(3) BRI 5T DX 40 A A 5 IX 3 R A X 3, 24
K FH NDVIT A Ay i Bh S0 i, 158 22 19 2 ok o E
B DX 4. LEBFIEI T X BT, 1 %5 | A A fr i B
Kt

(4) BUE BUS I e £ 25 1R 2 250 (7 B R R
FELE TR, FE L brad R 5 AT 20 M R X
Sl 5 S5 O DX X3 ) 35 5 DX 3R S5 5 IX 3R
FAAS TR AT, 330 B AR SE 7 AS [R] DX 38 AT A 3R AS AN [
FRASCER | DT A5 25 0 7= A it v 1 o R i 11
K.

W T B AR LA R 5 1 Rt — 5 (1) AT
FE I SN 1R A5 1) W SR A B s T N S e Lk
7R RUBE A B 717 I s 5000 7 T RO 2o 8 rp S 7=
BR 22 | 3k 4 15 2 T L o Ho Aty kAT 2B
(2) Fili B ESCHE B9 20 5 - il D 5000 8 428 107 1% 45 b 2 3R
JEHA 25 R0 (AR R B 25 TR 0 R i 3R Tt IR
(A S PR 2R A2 2 A, AR e o — (1 il B
Bl ok 56 AR IR BE 1 A8 Ak, 5 A M 3R AR
SEATE LT, B— (1 %l BB A AE 5 R B
(3) BT EA 1 7E BB 2 i) 2339 23R LA BB 3R B
EFAH R BIR A, a0 54 J5 A B 1 114 28 (8] 43 B S i $A 4L
AN AR SRy LS I R O L T U % 7 ik il 270

m [ 30 m ol BT i) 25 8] 23 B A AL A B B Y
.

References

[1]ZHAO Ying-Shi et al. Analysis Principles and Methods of
Remote Sensing Application] M]. Beijing: Science Press (X
YL, A5G, I I BB S D7 [ M. e st B
2 RAL) ,2003 . 105.

[2]Kustas W P, Norman J] M, Anderson M C, et al. Estima-
ting subpixel surface temperatures and energy fluxes from
the vegetation index-radiometric temperature relationship
[J]. Remote sensing of Environment, 2003, 85(4) ; 429 —
440.

[3]Agam N,Kustas W P, Anderson M C,et al. A vegetation in-
dex based technique for spatial sharpening of thermal image-
ry[J]. Remote Sens. Environ. 2007, 107 ;545 —558.

[4]Guo L. J, Moore ] M M. Pixel block intensity modulation;
adding spatial detail to TM band 6 thermal imagery[ J]. In-
ternational Journal of Remote Sensing, 1998, 19(13) :2477
—2491.

[ 5] Stathopoulou M, Cartalis C. Downscaling AVHRR land sur-
face temperatures for improved surface urban heat island in-
tensity estimation [ J ]. Remote Sensing of Environment,

2009, 113(12) ; 2592 —2605.

[6 ] Dominguez A, Kleissl J, Luvall J C, et al. High-resolution
urban thermal sharpener (HUTS) [J]. Remote Sensing of
Environment, 2011, 115(7) :1772 —1780.

[7]Essa W, Verbeiren B, van der Kwast J, et al. Evaluation of
the DisTrad thermal sharpening methodology for urban areas
[J]. International Journal of Applied Earth Observation and
Geoinformation, 2012, 19.:163 —172.

[ 8 ] Rodriguez-Galiano V, Pardo-Igizquiza E, Sanchez-Castillo
M, et al. Downscaling Landsat 7 ETM + thermal imagery
using land surface temperature and NDVI images[ J]. Inter-
national Journal of Applied Earth Observation and Geoinfor-
mation, 2012, 18.515 —527.

[9 ]Moosavi V, Talebi A, Mokhtari M H, et al. A wavelet-arti-
ficial intelligence fusion approach ( WAIFA) for blending
Landsat and MODIS surface temperature[ J ]. Remote Sens-
ing of Environment, 2015, 169 .:243 —254.

[ 10] Hutengs C, Vohland M. Downscaling land surface temper-
atures at regional scales with random forest regression[ J].
Remote Sensing of Environment, 2016, 178.127 — 141.

[11] Meng X, Li J, Shen H, et al. Pansharpening with a
guided filter based on three-layer decomposition[ J]. Sen-
sors, 2016, 16(7) :1068.

[ 12 ] Bennett E P,Mason J L., McMillan L. Multispectral bilat-
eral video fusion [ J]. [EEE Trans. Image Proc. 2007,
16,1185 —1194.

[ 13 ] Bonafoni S. Downscaling of Landsat and MODIS land sur-
face temperature over the heterogeneous urban area of Mi-
lan[ J]. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 2016, 9 (5):2019 —
2027.

[ 14 ] Price J C. Using spatial context in satellite data to infer re-
gional scale evapotranspiration[ J]. IEEE transactions on
Geoscience and Remote Sensing, 1990, 28(5) 940 —948.

[15]Roy D P, Wulder M, Loveland T R, et al. Landsat-8: Sci-

ence and product vision for terrestrial global change re-



2 4

e

WO 5 D = SRR LTI I R 5 200

search[ J]. Remote Sens. Environ.2014, 145,154 —172.

[16 ] LIU Qin-Huo, XU Xi-Ru, CHEN Jia-Yi. The retrieval of
land surface tempture and emissivity by remote sensing da-
ta;theory and digital simulation [ J]. Journal of Remote
Sensing (MR, A , MRS HL. JE I MR IR 15 LU AR
PR AU B T B — B HE R S AU, B
#,1998, 1:1-9.

[17 ]Sobrino J A, Jiménez-Muiioz J C, Paolini L. Land surface
temperature retrieval from LANDSAT TM 5[ J]. Remote

Sensing of Environment, 2004, 90(4) :434 —440.

[ 18 ] LI Miao-Miao. The method of vegetation fraction estimation
by remote sensing[ D]. Graduate University of Chinese A-
cademy of Sciences ( Institute of Remote Sensing Applica-
tion) 2003. ( 2% B v . AR WY o B8 1) 8 R B D7 1 T 5T
Hh BRI S AR e (28 BN TS A ) ,2003.

[19]He K, Sun J, Tang X. Guided image filtering[ C]//Euro-
pean conference on computer vision. Springer, Berlin,

Heidelberg, 2010 1 —14.



