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PRI RE A — 20 - RE AR IR EHERE
CityGML K NI » 5 Lo Ty AT {F Ryt
FERARY B S5 (R85 -

BTV E RN AT 0 R R JT = ¢ 15
HI%E (Model-driven) fIE& s} H (Data-driven ) »
AL [ J AR BRI - WARSE R 2 ROE T
RS o HETERI 2R B AT EESEY) (M TH
BEIIPE) FFEAR - 280 » HREE Ay
BRSNS - BRI DU FT A A BRIV S
X BRI TEREA —ENRRYE - HEZ T 0 &
HHE 5] 7 A A B B A A S T e
S PR PR AR AR o HOR AR I e =
FEER | KHEYINRIER ARG EREYE
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FH Line Segment Detector (LSD) (Von Gioi et al., 2012)
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Algorithm Corner Extraction Algorithm

segment2), image) And

1: Function extractCorners(image)

2: cornerFeatures = deepLearningCornerDetection(image)

3: lineSegments = LSD(image)

4: for each segmentl in lineSegments

5: for each segment? in lineSegments

6: intersectionPoint = calculateIntersection(segment1, segment2)
7: if isWithinCenterRegion(intersectionPoint, image) And
8: meetsAngleThreshold(estimateAngle(segmentl,

9: isOuterCorner(segmentl, segment2)

10: addCornerToResult(intersectionPoint)

11: end if

12: end for

13: end for

14:  end Function
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10 ZOEHAT A G R E E(Chuang & Sung, 2020)
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Automatic UAV Image Reconstruction for 3D Building Wireframe Models

Yu-Ling Huang ! Tzu-Yi Chuang 2z

Abstract

3D building data is vital in smart city planning, management, and energy assessment. However, constructing
accurate 3D models for existing buildings remains challenging due to the labor-intensive processes and insufficient
automation. This study proposes an algorithmic strategy based on multi-view UAV imagery to generate 3D
wireframe models with detailed lateral geometric features, serving as a foundation for constructing 3D building
models of existing structures. This approach aims to improve operational efficiency and reduce costs. The
algorithm employs a pre-trained corner detection model and a novel corner extraction algorithm, utilizing a
"coarse-to-fine" strategy to achieve precise corner localization. Additionally, a virtual corner reconstruction
strategy is employed to mitigate the inevitable occlusion and data loss in urban UAV imagery. Experimental results
demonstrate that this algorithmic strategy adapts well to buildings with curved architectural structures, achieving
an average corner localization accuracy of approximately 30 cm and up to 98% completeness in wireframe
reconstruction.
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0 25 50 100
i KM

2 BRI e e — A BhRMIAZE [ o

2.1.43 3 EEC B

KB PR RIS B > A 1
B BRI ) TR ST SLAY Point of Inerest
(POT) B EHIEE » LA B A (g 4 B et
(LI B i B k) - PO &1 > {E 5 Google
Earth il Google Map fy S i 3 RACE » K {8
W T BN o R T B s
- EESREEETH X I L= EER
S T FESE  NES RN - BT HA
WS AR RN  BRSCEERIRA T 2004 4E -
2006 4F ~ 2008 4K, 2010 1Y POI 84 < £ %8
o EEBURHERE « AL SRS 12 7 14
(A S 453 B 119 25 160 HUZAE » LI
920 7 1,350 HTELSLITE - AL POT EklE

FEZTNE

FE=H REINZ3FIA

ERHGSTRA ~ VEEE ~ KD SRR e AR
BEREER » 5381 > B SEABEE Ry ERL - RIEE
BB B &R &2 (MOI Open Data) _E
AT ARy B T h R TS -

2.1.5 R 4EBUE E

EREIRARRESEE) - AIESREREE - b A
A > R = SRR RO i Y E A
Z— AR FEET B A B A s g A e A Ay
2010 ££A1 2015 FE4=E27E 1/5000 EEBIREY GIS FR4E
HfaE - DRSBTS R -
IR o TE R RR AR R - R IR
IEREE - R RERATETE OB - AT
Fel S LE R B E ] - RAE RS T ARSIy 305
TR (BIERE&E RE TR ERS)
HWOTERS (EFETH @B - 408 - R ER MRS
%) DU FTABIIAERS - iRt S S E RS
AN > PR IR FT AT -

2. L6 BE AR B

AtFerf i R EE P (Digital Terrain
Model, DTM) /2K 2278 1 & A 20 57 B — 2518
FIRT4REES - M AT IS S dErs g — BEEC S AR BB
= o B RUR TN GIS it - DUEHET
AHIHE 53 - BRI AR 20 - BIERE
A AE SR = RS HR IR B0 BUR BB 2 M
B - AT RE DR R AR SO B LA
£ RUTFTEHR R A T EE R R SE B U R
BE o RZEBIERIL T 20 mx20 m ARATERT 2 EEE R
{EHARAY - GBS R - AT FTRI SR
AT ~ P~ SRR A - LIS
R AR = SR AR A BB E AT e AT -

217 TEELFSERHE

[ 1970 48 > SOPE TSRS [
HEE TR TSE LR TRERS THET
SSRGS « AE TN DUR R TS
SSARIESERR B T EANIS T8
B > RFTFRSI AT GO TR PR ke
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2010 8L 2015 FFEEE FEI L & ERERE
[EAH I E R 245 (Geographic Information System,
GIS) ¥ - 15 LB R i BB FTAS Mt 0 A o6 &
AR RN R A1 F S BT RE e 2

2.1.8) 8 = RARFHRUE HEEE

AR TR IR TR BRI = RS e B
% CREE) B 13 R #E UG BB IR
{2 % (L. % 9 & & & (Intergovernmental Panel on
Climate Change, IPCC) {E 2006 FE#A711Y (BFE
EREEMEE ) (2006 IPCC Guidelines for National
Greenhouse Gas Inventories) FTERANIIGRETTT/E - #E
TTEFENERES - R EGFE M (F
HREFHZONE AR E RS ) - SFAECERE 1990
FEFRETRED R 2 RS BRI R R U R ES

AFZE E AT RE SR (PEERBIER
RERISHUE RS 2021 F£1R)) - ZHESGS
T REBRTERRE AR HEREE - 1AL TRE
B RG T BUR YR = AR B R T T B P R
BOSMENRE R E - DU T —EerE A
T REAY R 2 RASBERUE &R « 15 kbR Ryt
FERENLN % R REHE( R R R (R g
BIATE SR AT AR IE B R LAY BRER - P b
A ZEFEE R AR E R B SR | - RAEN
HEFE BRI (BIAIERHE) ~ S8 - BBAL - 3
BHGETARTC (BIANARE AN ~ LS R ] g i e Biy
R o

2.2 FH H e Es 2 B Riiia
FRRIEAY
AHHFERL COy il CHs FVRESRE S A A58 53
R TR IR BRI - UL R
SR - BRI (CO, - CH.) BB
ek~ BRI AR « MO B
RS ~ BN DL, T3t & 2 -

Ry 7EENIAARL > $RA T AR [FIRUISER S E EEA ¢

fEt% AL (Random Forest, RF) ~ $5[EHET| (Gradient
Boosting Regressor, GBR) ~ & & 5 FEF2 - (Light
Gradient Boosting Machine Regressor, LGBMR) ~ }H

BT} (CatBoost Regressor, CBR) FIfix[R 5 & &

F (eXtreme Gradient Boosting, XGBoost) - 32 255 EL

AR BRI BT S (B B AR T

STERMAE © BT I IS D S e A B LAY

R B AR A A = B AV [E]I - HEA SRy
| 4o R P ARV IR AS 70K 5 SRR 1o b T %

KRR ISRy - MIRES T T4E & T AT HLERT

BRI - AEIR D A Y R B B S B A FEOHI

R B REEEENARMT ¢

(1) AN

A, R
® YIRS (sl SR B Bl H — (& A i =]y

BEA T4 (bootstrap sampling) °
® U EENRL - BRI RER T8 - AEE
R R A -
B. £k
® LI oy FAMIRE - HUFT A R SR A SR 2 R R
Ry &S T
® Il TR HUPT A RS TE PEE N i
ESENE
() BEERTAT
A WR{EEE A0y RyEBUE (AEISkEE H R
EAYF9) -

B. W& m=12 .,M:
© S K AT i = yi— Fy (i) -
® EL AR — (AR An(x) o
® SRS Fin(s) = Fm-1(3) + hm(s)» Foef g

B -

Q) BEBEHEAAT

A. ERETTEEER IR SR 240 -

B. (AT E (Leaf-wise Growth) ki
B MAREN BN E (Level-wise
Growth) » fEMIRERCEFIHERENE -

) BRHEFAZ

A. {#FH Ordered Boosting $¥{fi » {EAE (¥
I - GRS SRR o

B. (M HEE4mtS (Target Encoding) ¢z HHAH ]
R
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22 1 (AR RS o (5 FH A m] BE TR 2808 K H B AR
HEHRIE (BERE) Pl By | MG @A) (RN /AR R
CO, ppm
CH4 ppm e
Eyoes
b (/ﬁﬁﬁa 2255 o: ppb @4 (50 m) z ?j(fgo;o *
RO S R R HEDRE) PM, s pg/m’
NO, ppm
RERE °C
B °C
[eErk = mm
o,
hRREE (ReENE R s %8H4 (50 m) = i;;jlﬁog *
THEE) MHENRE %
R 360 &
RN UVI
HITstE (KB RTEAR KBRIEA ° SHs (50 m) FEEH2000 4
4F) KGR ° 22019 ¢
EREFMEE R EEE ...
=
(oD iRy o L 481 (50 m) e
e Bkl o
FEE
BESS
EHEE
KRBT
N5
SIS
WD B ety (2 SRy
B+ SRR 2 i I S
BliEE
757K R PR
7Kg
TEHE
AR
5k B PR R R B A A PR A ':P:zgﬁﬁ RAFE EOEEERE (50 m) 2004 ~ 2006 ~ 2008
7 (R - ] R 2010
H (MHEEECERE) KT F s
FHER
A (AL 5 iR - T FEEE (50 m) 2010 FH1 2015 &
B R TE R
I gtk m
;P;Eljf)%nﬁ (Bt = : i 20m) 2016 4
VIREES 17 16 360 [
MmE TR (TEEsE MLHEOE . o
- | @R/ TR
Skl PR &/ BoTEEEE (50m) | 2010 4EF1 2015 4F
- T
BEEH CHE AMPEROA| e ]
) A E SRR E EE;{E[; 2000 2 2019 &
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5 mREERAAR -

A WHABIER FO(y) RyEEUE -

B. ¥WE—% m=12 .,M:

EHE B Lm) = Ty Iy, Fpoy (x0) +
fm(xi)) + 0(fm)

Hrr 1 @k - ORIERNEIE -
AL fin (x) LA e/ M b B Rk -

SOHTEAY Fou(x) = Fuei(x) + nfin(x)

TEEaiEd - 51T BE%EE2E (AutoML)
Rk HELEEANE S HIEL - 55 > HEE
HRLE R P A 2 8 #E 1T Shapley Additive
exPlanations (SHAP) {HztH - i54t SHAP (H{E T
BRI ERMZE - [RIL - SHAP {HCRHY8
SERA R R ER B o (R BRI P - Hoh
5 [ BB AT R/ NI e R S 58 e e 1 B R
P& 5 1 SR A T B S B AR B &/ N 0.01
Pl Ry S B B 5 Y 44 B

Ry T S TERIARGEE - R FAERE RS ()~ H]
EFE (R DURFLERHAIE FHE (Adjusted R?)ZK
i SRR AERESS - [F0F - HURAER B R
(MAE) ~ #9753 (MSE) fI#55RaR272% (RMSE)
SRt BRI TS o MBS LLEIEATRI S
BUEMEITHERY - WDUERERS S ~ R/ NRIREAD &
CRETE B N EEDE -

2.3 B TIEAIH Bag BT A
FEARTAEch AR T Y S B
SR RRAE 1R A BRI - By
THEIRASE S EL AR E A SR T I
T TR e (Robustness)

s EAERES - BUFE A A RS (Overfitting validation) »
9738 X EgzE (10-fold cross-validation, 10-fold CV) -

KITEETHT (Subgroup validation) DURAMEE MR

25 (External validation) - 32 26 5 2HY ELEE:REHI T ¢

(1) BEEERSE « EEtbEG S EFA SRR
HY RAME 2 Y72 AR R A - AR B & 2
A2 SR 0.1 HIa] DIRE A g A 8 42
BEEEEHS -

() TR XS B 75 B NG EIEERY

BE M o KPR TS UL
HIU TR Foalll GREE » FRIBR— 10 1E R MIEtEE - 28
EEIZEE 20 IR — (R A A S
E R s EE - JmiEisfE 720 > RES T AEREN AT
(A U RE RS FIFR B I -
(3) REYBESIHT 15— 7 A e R {E A [ B [ B
fir FETERIRE IR - BFE - B ~ Bk~ &1
T R FFFE AR 2000 2 2019 S AFERTETE -
B [E R T - /%55
STREE Sy BB R S - HETTERER AT
(4) FMNERERIBRES : (71 2019 FFAVERIRERSE B
2000 % 2018 FFERFTEILAVES - HERYZE
SHE BRI MIERE T2 BT -
B VUSRS T ANVAT A TER e S TR
i FT R B ARVRIRE - (R B o] SEMERI AR -
3. &
ARSI  BEAE
RAE RN B 8N
AIRFE 53 RIETES CO, Al CHa BT TR % RS
R PR DR P AR o R T IR TPk B R S
EHRFR 2 o fEFPA[EZET] > #77 CO» Fl CH i
PRI FE R Ao F B AR BUR 7 By 23,223
B 294,475 2 - CO, REEHATRITR S AR 5 5]
MY (FASTHARIRYSE9ME) Br T CO2(415.67 ppm)
KRG BAERE (22.92°C) ~ BE (79.02%) ~ JE#
(1.66 m/s) ~ P& (6.48 mm) - E{E=F2 IR (16.55
m) ~ NDVI (0.25) ~ 150m J7 B[ E ikt ELEERY)
(0.41) ~ RFHRIAFA (24.32°) HIERFGR4ER (0.12°) -
CH, BIREDR Ay P ST 88 R T CH,y
(2.01 ppm) K5 - BAME (23.22°C) - JBE (77.7
%)~ (1.76 m/s) ~ & (5.58 mm) ~ B{E S 2
T (34.42 m) ~ NDVI (0.24) ~ 2500 m J5 [E#[E (5
HEEEEERY) (0.32) ~ KIGRTEFA (23.91) RIKGAR
&y (0.13) -
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E-+NE

F£=H EKBI113F9AH

* 2 IR E R AR RS R A Y B A T

CO fER (N=23,223)

CH4 fHR (N=294,475)

Variable e FREE S/ME SAE Y BREE sy ME SRE BE LR
AMB TEMP (°C) 23.87 5.06 5.5 33.8 24.07 497 0.02 37.14 R R
CO: (ppm) 415.67 19.24 234.52 533.25 - £ /Eh%
CH.4 (ppm) - 200 027 0 878 F
THO1 (°C) 2292  4.95 424 3257 2322 491 3.79  32.79 . _/E _
(HHRESURIE B L T 22 FE A H6)
RHO1 (%) 79.02  8.02 346 99.78 77.7 7.58 2845 99.84 R
(FH R GME R T2 R P 4)
WDO01 (m/s) 1.66  0.81 0.06 1224 1.76 0.95 0.02 13.32 . Am@ _
(FH R ESURE B R E T 22 TN H)
PP01 (mm) 6.48 20.48 0 569.85 5.58 19.03 0 642 (R B 22 )
Dem (m) 16.55 16.09 5 44 3442 67.58 1 448 HE SRR
NDVI 0.25 0.12 0.01 0.74 024 0.12 -0.01 094 R L A A e
LUIT_B1_B150 041 044 0 1 - R
(Cover ratio) (150m J5 Bl E RS HEE)
LUIT_B1_B2500 ; 032 027 0 093 i
(Cover ratio) (2500m 75 Bl E P GHIEL)
Solar_Zenith (°) 2432 1641 026 4853 2391 164 0.01 48.62 KIGKRIEA
Solar Declination (°) 0.12 16.43 -23.44 2344 0.13 1645 -23.44 2344 KIGR4EH

#* 3 N{ERSEEEEEAEIDR = RASEHR IR R A 7 &5

Outcome Temperature (CO2) Temperature (CHa4)
Algorithm GBR XGBR CBR LGBMR RFR GBR XGBR CBR LGBMR RFR
R square 0.997 0.989 0.992 0.993 0.988 0.985 0.999 0.979 0.983 0.992
Adjusted R square 0.997 0.989 0.992 0.993 0.988 0.985 0.999 0.979 0.983 0.992
Training dataset (80%) RMSE 0.3 0.533 0.456 0.416 0.566 0.611 0.056 0.729 0.648 0.449
MSE 0.09 0.284 0.208 0.173 0.32 0.374 0.003 0.531 042 0.202
MAE 0.146 0.301 0.259 0.258 0.292 0.3 0.017 0.383 0.359 0.213
R square 0.982 098 0982 098 0.9730.978 0.981 0.977 0.978 0.975
Adjusted R square 0.981 0.98 0982 098 0.973 0.978 0.981 0.977 0.978 0.975
Testing dataset (20%) RMSE 0.687 0.717 0.681 0.716 0.836 0.742 0.685 0.761 0.739 0.783
MSE 0.472 0.513 0.463 0.512 0.698 0.551 0.469 0.579 0.547 0.613
MAE 0.366 0.409 0.383 0.392 0.467 0.388 0.327 0.399 0.399 0.414
R square 0.981 0.979 0981 0.98 0.9730.978 0.98 0.976 0.978 0.975
Adjusted R square 0.981 0.979 0981 098 0.973 0.978 0.98 0.976 0.978 0.975
10-fold cross-validation RMSE 0.71 0.735 0.703 0.733 0.848 0.746 0.701 0.769 0.747 0.797
MSE 0.504 0.54 0.495 0.537 0.719 0.556 0.492 0.591 0.559 0.635
MAE 0.381 0.41 0.386 0.399 0.469 0.38 0.334 0.397 0.399 0.419
R square 0.977 0.974 0975 0979 0.98 0.981 0.982 0.983 0.981 0.979
Adjusted R square 0.977 0.974 0.975 0.978 0.98 0.981 0.982 0.983 0.981 0.979
External validation RMSE 0.775 0.801 0.803 0.757 0.743 0.595 0.58 0.565 0.584 0.622
MSE 0.601 0.642 0.645 0.573 0.551 0.354 0.337 032 0.341 0.386
MAE 0.408 0.408 0.448 0.379 0.396 0.338 0.32 0.31 0.335 0.368
Averaged validation MAE" 0.394 0.409 0.417 0.389 0.433 0.359 0.327 0.354 0.367 0.393
Averaged validation R? 0.981 0.979 0981 0.98 0.973 0.978 0.98 0.976 0.978 0.975
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RIDREHESSE AR

3.2 T fEPR =R 2 R AR A

FEAVAS

B FT R F TR R [F] A A AR R = R
ARSI R A > HERREFBINGR 3 o - #f
Y CO, BHRIRFUREHA - R8I T IHBEE -
GBR fll LGBMR f£Z&{EMEREEIE LRt T8
HEAVAERERE R E) | SRR 55 BRI R* (-
SR EE 0.997 F1 0.993 « ZA1f » RFR FEHEEL I3 K
MRS - RPN IR 10 #r
R SLEREE I R A= (MSE) R85 U5 R 3R 2
(RMSE) J7Tfi - &F&=% BFTA MRS LGBMR #Y

B LAY R E S 0.999  Bn B Eg I s 3
FCFE « AHE: T » RFR {ERESHE R TR
> HHIEAF RMSE #1 MSE F - 45&°% & » XGBR
[l Ry CH4 SBAERITER AU B UL » NEHE
HEARHY V9858 MAE (0.327) @ EAREY S
s R2{E (0.980) -

TERASTT R = RASEHIR R A 2 1% -
AKWFEF|H SHAP {E2E7~ CO, F1 CHy BEHAIRES
S SR R SR BN R (GE 2 RlUlE 3) - SHAP {H
AL T SRR AR T BEAE I R &
BB AITEHI ERIESE -

PERE 3 iy COL HEHAIREE RS Y LGBMR #5744

BRRINRMER - Rl RaaAgE H
7= (MAE) £y 0.389 M558 R* {HFy 0.980 -
it - #E5 LGBMR JHEUA(E fy CO, SHASREDREHY
BRESEAY o

P2 MO $T CH EHORFURE AL XGBR
FERZHHIMEREFE IR E RIS > CHRAE S

1 CH, BEHATEISR LAY XGBR A1 o w] DU 22 5]
CO, fil CHs HERBUREHTZ BHLE - BREINS > &
¥4 SHAP {E53 7 B2 4 %4 (+0.11) FIZE 6 %
(+0.52) ° 15 EHRE 15 DR 2 SR ASTE B BURBUR S
AR -

TX01 +4.24

Solar_Declination

Dem
NDVI
CO2 +0.11

nnnnnnnnnnnn

Solar_Zenith |§ +0.1

RHO1 +0.1
LUIT_B1_B150
wD01

PPO1

Solar_Declination

(CO,)

0 1 2 3 a
mean(|SHAP value|)

Solar_Zenith +2.97
RHO1
WDO01
NDVI

% Solar_Declination

CH4

Dem

PPO1

LUIT_B1_B2500

(CH,)

82500 (SRR,

0.0 05 1.0 15 20 25 3.0
mean(|SHAP value|)

3 SHAP {Hf#HT * HRERNE RAGEHOLEER R EEIE )] (LEFIR CO, SR AR
SENZ > NERER CHs SR SR E 3 )
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17> CO BEHRERIEDREHY LGBMR A » 534
ERER BRI S EE N A AREZEKT
By - HRGOHIE B R T 22 NIRRT - BES
TE5EAY (DEM) ~ HARLIE 42 FIERE (NDVD) ~ —
AMEHREE ~ DK RIEA - SR ENHETIR
BT AP ORI SR YA S B - R R G
BRHE T ZE NI R R B R » BUR T (L
BRI FORGRAHIREDRE LA BEN R E -

1E CH4 EHATREDREHY XGBR A » B %
HYFE B R T RIS RIE o 53Rl B KPS RTEA
FHERRIE ~ EEE ~ NDVI -~ DU KPS FR4ER - 550
TETEMI CH. HEREER A5 B KGRI B FIR
SRR RHSE - FrAlER R - KIGRIAA
FURPGREAIVESENE - 15 v RE SRR R UR
1 CH, R AR -

GRORE - BEOITER A EME TR ER
HE BAER BB P A (A B > 1 ELIE Ry A R SR 8
{ERRZEFISRISHIEfRHE THEENSE - BEEA
SyATiE SRR INE oI DA A RO TR IR E R
LA ARATHRER

3.3 AUV ER RS B R A

ARBSE ST R % RAS AR ROR FE R T
T EENERES  HA s T CO, B CH, 805 1Y
FATEREAY » 73 AER ] LGBMR 1 XGBR JEELE © DA
TR e WA SR Y B AR A 45 SR A R H B 4y
T -

B AF CO IR R 1) LGBMR f5A o »
() BEtsEST (&R 3 BARERSEES
0.013 » iEHUR T AV EA RIFAVZALAE ST - Be4E
FE 2 BHBER IR (2) T3S W hesg (3% 3)» HiE
BRI Wigsg R H e R [EE 2 0.980 -
AN - 5 RERE (RMSE) B 0.733 » ¥ 5572
(MSE) % 0.537 » SPHI4EER5E7% (MAE) 5 0.399 »
i LLFEAE AL E RS I TR = RN 5 (3) W EE
Esgh (8 4) © eSS R EERF M ETIIX
SRS > R {EIHEME 0.97 » MAE ${E]4 0.05
W T EAEA IR FHERRENE - (4) #2019
FEHINERE LTRSS - MAE T8 5 0.32 5 B

F_+NE

F£=H EKBI113F9AH

SRTE T BEZ FE N © 1638 3 FINEIERR > IMNTE
RHERSE R2{E 5 0.979 » RMSE % 0.757 » MSE %
0.573°MAE £ 0.379 #E— D HEsd T AU A RS (i -

P > CH, EUHRIRED RN XGBR BRI > (1)
WEEEEES (£ 3) O DIER] AR SRS E
Ky 0.018 » FoR{EHE B L T EISAEE R
555 (2) MR BT (3R 3) HURBAUGEREIRR
HBIESR » R2{EE%]0.98 » RMSE % 0.701 » MSE %
0.492 » MAE J 0.334 » BRI S 2ERERS 5 (3) R4y
BEBas (B 4) MY IRasR s SRR Ty
TR EREE - R? {HIFHEE 0.92 » MAE #5(&
1y 0.4 ST HEEEARE TR TR BMRE © (4
SMNERERIERES T (3R 3) » SR —P I T
ELEME 0 AMNEREREREE Y R2 fE 5y 0.982 » RMSE £y
0.58 » MSE 5 0.337 » MAE % 0.32

HALEAER > iR CO 382 CH, BRI S
TR TEHET T2 A Y e AR R R B L S Y
PERE - 1B EeAE RN E R T AN SR - TR
T HAT T R LR YRR A AT S -

4. 5Fam
FEARTFERIRTS T > R TR = SRAR I R
BOREHEERE > DURGE — MR R RE R -
FECEREE T AWM — PR TSR E
s AT o FEICERRE b AST S S AR AT IS L

& WRaT EBR AR SR 5 AT AT AR 2 -

B RUFFUR R S i R B AT 0 A
HIt T COL 71 CH4 BEEREER S~ MIARA (4 - B 5k -
PRI R 22 51 CO, fll CH, BIEERER SR (4 0 &
BATREMY R B CO-M1 CHaZ Wit F BT E = 7,
BE - SRR % RASHYE R I U R 8 1) & Mg
STHYENRE - R/ EARE B TR A Ol Bk R - 2B
EZEZR— R = - G EHERA RS RS
(Al-Ghussain, 2019) - b4 - {E iy &0f == RAG ¥ R e
AL BT RS 78 - CONVERSTTRIBLT Fy
FEFK 2 FE (Wm?) > i CHaH RS 583049 5
0.65 W/m? - & CH. g T REEK - (H B2
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1.00 045
I 04
098 '
035
0.96 | 03
025
o 094 =
<
02
>
092 015
01
0.90
005
088 0
> N *
& %Q,;\'\\"‘;@@é < éé‘é &L F S w@b '»é\ B U '»s"o '\,°<'\ @’&,\9\9
& ?
e - - |  Timeperiod = — — — — = = — =
I CO,Model : I CH,Model I
1 |
Mr square —MAE | | rsquare MAE!

4 R EEHRERL Y ROy REERE

1 COAHE (Etminan et al.,2016) - tRIEfZHH#E -

H 19 R CHaAf BRI £ 0.5°C

ifi COMN B R By 0.75°C (Etminan et al., 2016) © 4&
Z » COA CH.HYE LR R R A AR 5 8 FRE L
5185 17 D EFAYEER - DU RIEE L - 5591 -
AR EEE T RGRIAAMN RSN R LR S
BHREREHAREE - B 458 IPCC
(2022) HIRRZERHEL G - (LB TR RASHEI SR
b MIE4HERENIAE T R © 5950 AW
TR AR BN E R A REATE - DU
B RHIE RIFEAER A RIEIE - I/ NEERY
MR ESCENUERAG B A DUEARIAE
RZE REHVER » E— W8 T HUE &R E
1B o FEEATETTIEBIE T - H R LI A = R
R (E BIRBDR S EER T E—HERAME
BENATERHEE 0 F A TR T - AR 2T
HEREDR AR « phAh - BEER a2 A
HUREAETEDHIRE ST » BT DA A AR S SR L
HYFESS » B REE A A RIS EREZ -
AW SEIR S - E5%0 - AHTTERER
R RASHIIREDR S S LAUHERS & THETRITIERL
RIVEEN  BEEAKRA A B EEREDRER

BEREPRRGRE MEFIREUREAE(L - AN R
R R GEBRM AGHEERIEE - [N Rigtt
FHREB T FERERKAMRE COENR)SIE
MIBRIAE - FIRES BRI ERENE - 3238 > S0HH
FUEUE 1 EAR A PEE R A SR R G - TREAEER
HSHTE A TGS SR A BERE AL - EEERIRAY
WSS 4 A\ BRI B - A0SR AT REAYES
BN EGEIIRIEAVEEARRE - A BII E4HE) Gfs
R T BT REIR A BUR RV AR - RS RETH
HIEYRIERE - fxtk > WFEfEtals T ATREY AT
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Development of an Ambient Temperature Prediction Model Using Machine
Learning by Integrating Greenhouse Gas Emissions, Vegetation Index
Satellite Images, and Land Use Data

Hao-Ting Chang ! Ying-Rong Chern 2 Wan-Yu Liu >* Chih-Da Wu >67°

Abstract

This study integrated greenhouse gases, environmental, and anthropogenic variables, utilizing big data and
five machine learning algorithms, including Random Forest (RF), Gradient Boosting (GBR), Light Gradient
Boosting Machine Regressor (LGBMR), CatBoost Regressor (CBR), and eXtreme Gradient Boosting (XGBoost),
to establish models for estimating ambient temperatures based on two greenhouse gases, CO, and CHs. The
LGBMR model performed best for CO,, while the XGBR model showed better performance for CH4. The R?
values for the CO, and CH4 estimation models were 0.993 and 0.999, respectively. Analysis of SHAP values
confirmed the significant influence of greenhouse gas concentration, humidity, wind speed, and other factors on
predictions. The findings of this study offer new evaluation methods for greenhouse gas emission reduction
strategies and provide crucial insights for global climate change research and policy-making, highlighting the
importance of interdisciplinary collaboration.

Keywords: Ambient Temperature, Carbon Dioxide, Methane, Machine Learning

Predictive Model, Machine Learning Algorithms

I Postdoctoral Research Fellow, Department of Geomatics, National Cheng Kung University Received Date: Feb. 26, 2024
2 Research Assistant, Department of Geomatics, National Cheng Kung University Revised Date: May. 9, 2024

3 Distinguished Professor, Department of Forestry, National Chung Hsing University Accepted Date: May. 31, 2024
4 Distinguished Professor, Innovation and Development Center of Sustainable Agriculture, National Chung Hsing University

5 Professor, Department of Geomatics, National Cheng Kung University

¢ Adjunct Research Fellow, National Institute of Environmental Health Sciences, National Health Research Institutes

7 Adjunct Professor, Innovation and Development Center of Sustainable Agriculture, National Chung Hsing University

* Corresponding Author, E-mail: chidawu@mail.ncku.edu.tw



MARERNSET $_+NE $3H $165-1768 KB I3FIA 165
Journal of Photogrammetry and Remote Sensing

Volume 29, No.3, 2024, pp. 165 -176

DOI : 10.6574/JPRS.202409_29(3).0003

B 3] R ARl 2 PR SR AR S AT e A 3k
ZEERBURS BB TR MR E i 2 28

ZmsE’ SFE® FEXR' ReEYY

Br1918 !

S

COVID-19 B BT AR E @S - EEBUFH 2021 45 H 19 HEAAT=ER > RFIRZUEE) -
AT B R E A EE IR PMas R 2 8L o AR LURURMERY LR S kT Rt st
bk > BEAE 1994 2 2020 FAVZSEUAEER ISR - F A Lt A P AR B A 2220 8 SRR A 3
HUEE SRS E > F AN EfRER S B R U A > Hh&ER L Random Forest (RF) JEREVANBAIRIA
BrfE 0 RPEE 0.95 5 HEAGRCRBUR BB Z R EIGE - ST P PMas RS Ky 18.1pg/m’ » {EHYEH
Al 19.9 ng/m?® - Paired t-test &ESRBURAE FIEFIGE L /KA (p (H<0.001) - Z A A& (EFEE - T
JElE ~ fErEfnskit) JREH—BEER

WIS 2T GRT ALY (PMas) - EERA LS RIFIAUMESS S EIEAL - COVID-19~

=ERER

1. fig

Hehifi 2 (COVID-19) i $f = BRI A4
E R THIFTRANE R E SRR A
HIREFEFA R - WHEIERR RS Z R R H S E
S BURT ~ BRI & 28] AT A
TEARHEE - ARV EEAE - TIF ~ IRITAIHERS
BIEE A TERIEL PR B Ei T ETE
S - S0ESEE ~ 1A PEEERI I EEALE - DUBHRE
FEAVERE o TR T e EREE N - ZEBUMT 2021
5 H 19 HEm T =88R IRFIRGIMEMT
- IBEZHY A EIF LR R A R - AN
RTINS EE 2 aE - K
HR/NA 2.5 $4%F (micrometer, pm) Y& Z Mok

VBT IR ER N R S AR EE A hE R

2 EIL I RER R R R A &
3BTRS R AR EE & BT &

f EETBUNERRGER BE

> I REE R E R A B

¢ EFR AR R BT AT E
T BRI LR ER K A SR AT A R L SRR

S SRR R EREEERIR B R e s FRERASE B
* iEEA(E#, E-mail: chidawu@mail.ncku.edu.tw

(particulate matter, PM) PM, s » ZERET A A Bl (a5
HERARYE Y — » NMEGERNE LM E Bl
I 8 P29 > B % B PSR ERT 25 % (International
Agency for Research on Cancer, IARC) %I 55—k
e -

e B2 SH - REA S BT ERRE TR
TR AR 2 - BRI—IH R 7 FRIIAE R
B> PMas /) 10 pg/m’ HIZag & LR 0.35
£ (Correia et al., 2012) ; {FEEEZ » PMys {#5F
HESandEsi 7 8.6 {#H (Orruetal,2011) 5 fEH1EY
HYBHERFFTH > PMo s 34T 10 mg/m? » BL 0 LGk 1
JiE ~ CR i A U A R SR T b o Al
T 9.7% ~ 4.4%F1 13.5% (Yin et al., 2015)  [RHEFE
PM, s 7125 el FR A R S5 B 53 A 28 BRI B 2« [T R R 25 R

IS B 113 42 02 F 27 H

B HE : BFE 113404 5 12 H
B HE  ER 113406 A 24 H



166 Sl
T EEIRE N NS EEE) - R R
HAREIHY 22 A B SR SepT A s

AW FE 5 5 FI P AT 4 R P A s i B3 22
RUREAY » SPALES SR 28 TR PM.s R
Y22 o HREITREHY COVID-19 Bz 5, T4 RARE (%
bt o EHEE T RS H - REFZERIT A48l
COVID-19 [EiZ4JE b st T3 2 [E YRR - ¥R
REGGE COVID-19 M2 G54 R
ot - BFRE AT W7 - Gl R R 75 8%
B BB ZE R E SRR (Air quality index,
AQI) FHEZHYEMEAH T 1 19.84 pg/m® (PMas
T 14.07ug/m?) (He et al., 2020) ; FEEAIHFZCEET -
NO; 83 % » PMs /£ COVID-19 HAfE A FrliE
B+ 3 ARSI R S H B e 3 o SR S BR BARY IN
B % T Y Rk D R S Et B (Y (Berman & Ebisu,
2020) ; EIEEAYBHFEZREA » PMas » NO2 F1 SO, FY-F-45
BEREEE T  THEERHEIE IRE (£
ZLE NO») » ZZRITANINTER Y 5 Ry8i3 (Pratap et
al., 2021) » ZAMEAAERIAZETZAN E - AHHZE S
THERE 220 SR BRI 22 RO 554
s BRI EMA TR LA [ EATZ -

AEE SR T 2 HE A — 42 R B 22 R
FHWY U7 o A0 4 A A A BR (Land Use
Regression, LUR) f5A1 » fEERIEHHTE s B> FE ]
PRI ZE RITHYIRRE - B AR EEH
PRIV E SR T - RS AE BB
HIHE Z4% (Geographic Information System, GIS)
HRTERIZEE B HE S - R EME —(E45
PEHEMGTEAL (Bitta ef al, 2018) - B EHFFZIEH]
LUR fHEAYHTRHSE - B R S e LS & R
B 2e A SRR B R 2 Yy - A R &R
MEEIL LUR AL - GSFR e AU G R A e
B = 22 i PMa.s IR 22 9341 (R 1E3k S 2019)
DLRAEETZE & PMos HUBFZE 5340 (3 TES >
2018) = FLAL - BA W TR A & vE B < 22 A 4
(Kriging Interpolation) % HJE & AIACHE (RS
AL PMyo HYRE (SREAFETE - 2020) - J845
AGES - LUR fHEIEE & GIS RUERGRARG > EAAZ

F_+NE

F£=H EKBI113F9AH

TE I 2 {18 3t W AR (5] 22 5305 FL VI 22 7 Ar HE A
B T HARE AT AT SEME

IR F LUR HyR%E3E27% (Machine Learning,
ML) 1R AR s R » pi R — TR B A TE IS
RI77% - REEMEA FRAVERZ M SRV ARRERE
77 - Bl LUR fEAUAELE » F5S LUR AUM&ER 52 E A
AT DARE A SE B Z TR E AT EAR MERA % - TEITRE
Sy (it S AR RN FEOR] R4 - ALY LUR AR
e E A R E R BRI AR E T E A
2 (Basuetal,2019) - i A (A G LUR BEGIRES
JEE R T U0 SRR FE T HE it AL DM i = I A i i —
flbE HEBIEA S E RS (Sisass
2021) ° EEL{EEHESAL LUR (IR 2 BRI
R TT R — A AT R AV AR -

ARBFEUEE T 1994 42 2020 FFAYEH PMas
BUHSUE A ER S R - RV - I

B EEARHUENR AR > AR ER -

NDVI ~ DEM F1 DTM 4§  Hrt » 30l FHERHY
EERLEER T B ISR ER RS E SN - IR AT
ZCHIER G ERRHRAG - sthEEE - HPE
KR THIEEEE - LA G T LS
A FEMERBUNH SERIE N 040 S5 - S
fEHE - KBS - BV R EREHSE > 2 TR
FHERRE - 1208 S Ay s P 83 B e A i3 S B IR
FEf2fr (Stepwise) &fier A FHALER (LUR) 544
WEE T2 PMos BRMIVERNER - AWFEATE
B2 BRAEN A F RIS 2 ERUL - EERR R
F1#% (Gradient Boosting Machine, GBM) - [Ef& &k
(Random Forest, RF) 1 CatBoost (Categorical
Boosting) % - fR&X I AIHEN 1S e A 415
fY PMo.s RIS - RERCHTE AT 17 =8 BRI PMas
TRTEHVEME > DU [E] Tt A Ry 22 42 -
EWAUTTTHINR - MEEH TH PMas JREHTAE
HEFEA > 2R T AN o e R e MR A ety
AW INERTES © B —ERC SRR THTEN
BRHE AL A S SR ERERE - B RIS
e A [ e A B 0 B FH PR Bt 1Y AR A R T
% RE T HAEAIE R~ BRI ORI T R E S
TR



BRI A0 2 HESEBRRA DTS —IREM PR E E TEAMMMI ML R/E: 811318 167
SRS~ BTE  TER - RIGE

2. MRt TT7E
W R A B u Loy Ry BBy © BRI
B SR R IR - RAUERRE LK
B HY PMas IR ARG EL A (18 1)

2.1 HSEHEE

EET A EERIEE > B EAAELS
{REESERIRT - FERAS HHE A BAH ET SR A
M SRRSO & - TREsEEEhEsh e toh
SET RS A R 2 E R K HRBEITNE
HEC - RO EREETTNE S F - B
B B S ERA YR IR A € B TR
BAVELCEY) (8 T2 MEREOREE) - fEi8
—if > TSREIREICEE - HiA SRR RIS
A EER - B TSI E T S E A &
fEab ~ B (BB TS - BEMREE TR
EHVLEE - B AR EA AR - 40
SRHFRIESKE % - HE > EEE e K
EHREAPK I ER - Rl ke A R
FIBLHE - 281 > EfEsE Ul I 2R T
Jfg - PR R E R — R BT - S EYIRIGRY)
BEISHWYIE - WEMZERE RSN T —ENAF
s e e D ESTHEISNER -SSR ZE R
G TR R R AT SR B T
%

2205 &R
ARHZEE DL VOE &R AR 1994 22 2020
FEZER
(1) BB RSB NEIRE
THORERESEEEE > UiEEETE -
HEEH 77 ([HZE R E NG - 3 e HIE TR
BEIEEIE LR » B E T =R 549 - Wdl
O ~ SREE S > DI EENRERZE > B
SRS TRE ] KU r] 22 NI SEEEME - AT R
el AL PMys B5HIE » 7 B ARRTZE 2 (]

() LA SR E

AT 2 LA P &R K B 488 A
ZEREREZER G
A PRBCERER - 146 0 B R A 2
BAOEE T/ TR EEEER (&1 I
THOE - FEEES)
C. 8 BPE R A IR A B Z AR ERLE (A
SPRR ~ B
D.Google Earth/Google Map HiZERE (4014
2K ITHE R EE)
EfTBIRRERES 22 DEER &S
F. B EAAL i B e [R5 17 2 BB e X PR 4
B =
a1 DS o = O b UA B R E A S
RZ=EAZBHRGEEE - Aif7Ea2B Hd 2 T
(NLAEEY) ~ T3  RESEREER) ~ KA (KA ~ KA
S SF) ~ ARk (BRESE) ~ ST (CTEEES © s
ST SR P A B &R 5 2T
SEEOICH e B Y DASEE E 2 st A AL A - st AT
B 2 A A BEE > EE AR TR R T
Z T3 -~ ICH & - BIEEEE  $EE ks T
8~ AR - Google Earth / Google Map &}
JFEZ K I3RS > LUGRIRE 2 2 LR R AT
Hill - PR EERIAMARER 2020 A0 A i
WHFERT & 1/5000 EEFIR . GIS pEAEEIEE - 4 &
B 22 2 B REE - HE -~ BEDI R ES
8 TS - AWFTIE B ERERREEH /H=K
B BeEEER (BE - EE - BRE DU E R
HUERR) ~ HUTERS (THEERS - $0E - FESEERDL
kg ) MPTAERS Bl LA SRR
% - BHR R IR 22 T R b R RSB B - ABASE(E
Z AR 22 B E AR 1 R e
(3) MODIS NDVI B85 kE
AHFFeE | NASA (National Aeronautics and
Space Administration) Ffr¥as Wi BRI E AT
(The U.S. Geological Survey, USGS) FEiztE{8EE
> E R biE 4 = EI5H (Normalized Difference
Vegetation Index, NDVI) » IFRIEAELRE S HIHL
.5 H Earth Data &8k USSR HHH T 0 5EallE
NDVI #{H > #AECE A& &AL - &k



168 ARENST E-+hes =0 KB 113F9A
#E LA > AR A A RS KA
TE R IR B R RN T — -
() REBIEE

A R R R E
Administration, CWA) ZZE1YHERFIE (R
A~ R~ HE - K30 HEWER > AR EIUR
HZ B R FERGETS © bR T R R0 R R TR

BB ERE 250 R KEERRTHR
(g e sty ~ ZEPRRT R ~ SRR - (ORFTHRTE) #
i~ DRFERE (REE) BERREREEL
PERE - AWTFEEC AR IERY - i B RSRKCCE R E
Fa TN EE R 2 PR R R R
[ PR RS SRR E R IR @EREA A -

(Central Weather

Database Development Model Construction Estimation & Assessment

/ /
/ Depandent Variabe / /Indepandent Variabes
£ (PMy5. Y) /) (Geospatial data, X)

Iﬁ_'l

Hybrid-kriging
Land-Use Regression model

PM, 5 = BO+B1LU1+ B2LU2 +....+BKLUK + Kriging PMy 5
(Wu et al., 2020)

Spatial-temporal estimation of
— PM, 5 variability

Select the best-performing model for the estimation

Divide Data
(training, testing, external)

!

Land-Use Regression based

v

Machine Learning model
Paired t-test of

; : Categorical Gradient | Light Gradient z
Important Variable Selection | | Boosting Bonaiig Boosting PM, 5 before and during the lockdown
(CBR) (GBR) (LGBMR)
Spearman correlation analysis Random Forest Ex"eB"(:s%;Zd'em City level
Eliminate variables that do not fit the a priori (RFR) (XGBR) Entire Kaohsiung City

direction in their correlation with PMy 5

v

Supervised Stepwise
variable selection

Only retain variables that meet the criteria
(VIF<3, R%>0.001)

v

Model Performance Evaluation &
Model Validation

Evaluation of model performance and result verification for
machine learning algorithms

Different land use area

Industrial area

Residential area

Green spaces

2 i : 1 Roads
v S Port
Selected important predictors ok 12:::;:::::'““0"
| BFgE LR
%5 1 ORI ZERIE
ERAE TN BRI BERRE B
e SRS R Wl DR R EPT m %
i E TEUER  BE - E  H0E  BRITEEARE BB EEE m, %
RERHEE 2 EL R S E e BLER BBl m, %
TR SAve 22| N

jjj;é;;ﬁg THEEE  AEEE MTEOERTEEE - L o, %
T : BB m L%
REET BEET L ERET BBl m, %
AT G OR A B BBl m, %
am : BB m L%
= 1i3: R N 3 o
PR £ ;Ef - PR %
IR S A ; BBl m,%
K 3 BB m L%
NER S ] BBl m L%
FRPRFH ; BBl m, %
T% A BLEE B BBl m', %
B - BB m L%
e e : B count
SRR FREE R EEAET BEE count




BRI 2 SR

2.3 {8 I 18 52 3 A U1 FH &Y
B EFE SR AIEREE PMas 7
([ i

2.3.1 R R TR
FERAZE & Y T A 22 &R - AT
2% T SIS (S RIS HEZE ] (Wong et al.,
2021) > ] ArcGIS Pro 2.6 $RAGRIHIFEE IS A A2
T UM P FERSOEA 22 AT B A B 50 m= 50 m 1Y
MErEEdE  EHE TR AT E R | A
L EETE 25 F 5000 m ~FEALHYERETE - DU AN
& oL 8 7T 7 6 3 P 18] £ 340 R Y 22 P S B
BjA% ELTERERE - DS ISR e s A P EIR
BEAVZEREE A - B RALEE TSR e
TSI FTAE Z SR A - MR ER IR E R
FErh > DRSO S S B A B A -

2.3.2 A A R EAT R E

AHFE (5 FH AR 4e Bt A1) P A B A e A </
R A o R OR & Y (Hybrid Kriging/Land-use
Regression) AT M » IEL%%%E’\JWF%@
FEBRRORTEN PMas JRIE - 3R FARERAY S
e de il Eﬁt*ﬁ%?r’i%ﬁ@ﬂJﬁﬁZ)&g‘éﬁﬂZ%TZE
SRR~ S TH A 22 B R N AR R B U T A M
AL E - 7 H o i 2D 2 B
Variable Selection) 572 DL p (E/NPY 0.1~ KFA 0.3
Ryt A DR RS 2 B+ IR B
Rz o R 3R A S B RN 52 AR R MR T A2
BIEME QA LEEYILLOISZE RIS A E 2
FHRE 5 BRIRARIGS - tE S EL A E R RO5 92
HREAHRR) - LEAD - FRodtt oo R M s s R 2 B ikt
BB HEINER 2 BRI AR A% (Variance
Inflation Factor, VIF) 2 HEfg VIF >3 7 858
DA5e i EE 2 - 3t 1) FH 888 S i 738 DA R - 3t A P 20l i

(Stepwise

FRAENT -
Lo B R s/ b R F A R S AR T Ay [ A

[r%&EE Ordinary Kriging 2 ] A AT Lt A2
FRAIESS - DRI ARG R B R - MRS

UIRALDITHTE AR = IR ERMBEREE 8 T MBS L2 /2

~ SimEs ~ FE

9 169
TER N RIBE

IR0 EARE - RIS A B IR EEN
T AISRATAH[EI R TR A BN R Y B -
ISP 15 e fof 201 3 7 ) e e 5 A B A A St By
RS E < R E FEAE SRR M - & Wikt R EE
BT - SRR MR AR PR BN & Y 22 SR
TGRS EEL BN SR AR AR B AR
PE o RIEL - ISR AL AR (S S AN A L3t 4
FRfEAI R AL SR AIAYRERERE T (Lung e al,
2004) - FphiE—HE > AWfSEiEE Leave-one-out
Kriging J77A(G R T BHECR AR B Kriging
PM, s J5 At BE > WRFHL AN At RY o 1 K e fes
SR HERTER B Bt AR AR L > 0
B TR G HE A A -

23 3ROSR E TR

Fo T AR O 4k PS8 I e (R P 2R () SR B 4
st ERAER - AUFT LU AU AR S Y B B R A

] Python TPy AutoML £ > FELPEEE T
AR E TL - WEBARS « BT
5 IR B 1% 42 7
XGBoost) * Light Gradient Boosting Machine (Light
GBM) A1 CatBoost 5 » HE{THALHEZEH E@JEH
B TS T A RS S EE A AR ST
A SRR ER A -

TSEtR R E R AR A HE R 8 S - 1
PEARPR AR 1L 2% (AR BB AR T T SRR T

(Extreme Gradient Boosting,

PRIETIATIRE AT AT SEME - XGBoost #E—2P 51K T
AR [ (B T 3B BRI JE e > (R S EL A T A

FIERTTRBA R - (BTN R EIEAL - M
LightGBM HII7E XGBoost 1Y 1T T #E—H 1
B R E BRI T RS T ERISUE - A
B e RS A SRAVH ] - ISR RUAYEER > i
AT RE$ 5E L Sth E SAE [FE R RROK - Wi
T AR TR AE

ZEt BHa St AR (1) THUN A ARE -
(2) veille/ LRI AR R SR AT  TRARERE Rtk
BEZ(3) BEtARAR ~ (4) BEEERETT ~ (5) MlfRAEEETE
F} ~ (6)Light Gradient Boosting Machine % (7)

CatBoost » (i fil L EfE AT IR 2 22 505



170 PARZRSET FZ+NE
ﬂéj\ﬁﬁ KIS AR </ - 3t ] A S AR R Ry Ak

SO PEARR ~ BRI FETT MR RESEHET] - Light
Gradient Boosting Machine J; CatBoost 71 fEf&z3E2

HEFEE > TR AR A Z R -

2.3 4E R EREG

AR RE 11 2 b6 )T > AW E %&
T 7 E D BReg AR E [ (Robustness) DL SR AY
e EAEES (Overfitting) 2 [ > € ¢
(1) Data Split Egzg7%

HHREBEAR BRI 80%(F Ryl SRAR A HEFTHHAAY
FEAT > WELAHER 20% A AN E Ry A > SREHE
BT AR E rh B R G5 R AT TERRT -

(2) 738 XEEEEE (10-Fold Cross Validation)

FROAEREARE T 90%ERME R SREEA > 1
BRI SR A T6R 2 10%ERHEC R MIEEEA » B(E
BERREE X DEISREEA IR - R DU T
FOHEEA Z FEH - Wt B RS A EEE
THEAM: -

(3) AMEERIERES (External Data Validation)

FROCHEST—BREE - HAERA g AR - A
HEREREEADE TN - BURII A Y &
B (HEE) b -

B RIRIARE ) Z SHE e T - AT
FURFER A R Bl Adjusted R* (ORBAIAJAERERS
4R ¥R 7= (Mena Absolute Error, MAE) ~ 5 55R
7= (Mean Square Error, MSE) [ 15 HRER7E (Root
Mean Square Error, RMSE) FJLAfUFIEAIERZ o

2.3.5PM..s B E A

SETER 2 19 3 B L 8 8 3 e
LT PMy s SEEEHIE - VR AR T EURT A
Bt =4 RATR (AR 2021 £S5 H 1 HZE 19
HF12021 4£5 A 20 HZE 31 H) B PMays ZBE M
AR MR « FRZE R RIBER 5] -
PR, (A0 3 Fm) (RE S 6T - e D
¢ B DIREEAE R B+ A B
AERHE RS (LS - ISR R A B E T
AR I T BRI CR, - A S

F£=H EKBI113F9AH

RSEEE > I UARSEM 2R EE - flEH
%%IBZ%%D%HX@ HetR B E IR - Bl B EEER
BB PEALEE = kT ERAY A G A E 7T

3. &5
31 EEEE

2 BUR T E4R 13t 1| P Al B8 AR o
Mo FTERRaY 8 (EREAY TSRS, - fFIbiERE T - K
WHFEEH IR AT SRRSO R* S E T
Thed - DIEEEMEL PMys RS RIRVRI RS &
B AH - G5REUR 0 JKEE 1500 m (4EfElE) A
RN TARK 750 m (4E{ElE) AYEEEEL PMas %
[ 2 EAERE - BN E FEA KA SR AN AL
ARSI - PMys DRl S (I 5 1 ELA S8
AL PM,s R 2 IEMHRR - BlE = B i Ehs
Bf o QBT PMas RIS - IS REEH
R/KESFIARAAA B PMas RV TR 5 55
— 7 0 HAWSEEE - ANsEES - BRI L3R
F@ig > ¥ PMos REAVIEFRZER LEE - R
TR B LI B A S AR SRS A 0 HEL
SR PMys TS o

2 BURFTAIHI A S8 p (HE /N 0.05
R E LB A (A T Bt 82 LB
ME S RN HEEEY R S LE & RN 0.001 > B
NEMAEMRE PMys RS R T HEAEENE
B - B AR R TR R — D 5 T AT
HYEE M - DR T R AREAIAT RS -

2 AT e S R A
i coefficient ~ p-value R2 change
e 41331 2.63E-12
PMa2 s Kriging 0.967 0
R 150m 0.016 8.53E-142  0.007
PRl AE 2000m 0.007 1.20E-67 0.009
7K#& 1500m -0.004 1.34E-141  0.005
TR 1250m 4276490.417 0 0.003
ﬁ?;f{i%{f% 0.015 0 0.004
RINANTAHR 750m -0.031 2.15E-111  0.002
5 1500m 0.009 2.29E-62 0.001




BRI 2 SR

—Lx

BT

~ 5{ms

3.2 - St F1] R Al R A R R 2,

3 BN T MR AR AIAE & TR 2
FEIHERAE TN PMas JEFE RNV - A 2
BT AHE AN SEAITENAE ST - H R {EZEEF] 0.91 > BIR
HARMHE PMys SR HHEAVARUE © Bh4h > Ffh
A LLE IR RIS R BT LAE MAE-
MSE 1 RMSE HYE{EFES » 735415 3.10 ~ 33.30
1 5.77 < HIEREIENT R {E S| SRBABAET - 150

TSR R BRI  o TREAAY SN
EReBeE RIS T 0.84 1y R2{H - i DHELR T
RURVRRIRME - 47EKE » IEEREE IR R IRIA T
RUTETECH] PMa s JEFE  HIAY P 561 -

% 3 LRI A AR AR R

Statistic/Data train test external
I square 0.91 0.92 0.84
adjusted r square  0.91 0.92 0.84
MAE 3.10 3.15 3.12
MSE 33.30 31.66 21.47
RMSE 5.77 5.63 4.63

3.3 L st A A AR 2 i E3 22

BRI RIE

et R 5 B T B B A B
FAEF » RTIPCHF T TR R B e
AR AT IR - Hooft - BBARHRRE) 0
RN » PP R HE) 0.95  BEKE
CAERDN PMa s R LA S AREAE 77 - B4
U] MAE « MSE il RMSE 6434 St

UIRALDITHTE AR = IR ERMBEREE 8 T MBS L2 /2

#9188 171

ZTER N RIBE
B 5yRi Ry 3.14 - 19.78 K1 4.45 » BURETENIZERENM:
FIEAZVERI T E Y SR - [HE—RNE >
XGBoost I RIFEF TR T L 0 (£75 26.81
FYRIE] SEREEIGN SR - E R B AR e 2
RAEEEE - WFFTE— S EDHEAEERNY R (BT 10 758
N EgEEAE R TEREL > 455K B A AR LUR
IR BRI AR Z BB TG 2 - HEfR T
FREEIARR MR P 551 - TESMNENEREE i P I
Ef R AR @ Bl E T EMER
TEOHIY M S B

F 4 RETEAE RS Tt A A
RUTESN GRS BAZRER - A - E4R 13t A AR
ARARR A I A 2R 2R B ANV » TR fE
T (RPE R 0.91  ERTA R b {KAY)
A BRI YRR ZE o i DABE R PR B R LR
IR B - HEREE RS R HEZ
0.95) » [EEEELA#ER MAE (0.95) ~ MSE (19.78)
LK RMSE (4.45) » GRARIET A HAMBEEL -

B e aE SR T I AR 2R E RUAE 1+ R

AR OE SR, - T H R A R AR A
TETERI TR AL -

# 5 B THERAME R AB RS
28 FAVsER > o] DUBIZR BRI ERas 2 2 Y R?
BTN 0.05 » SR ERI S GRS R -
IRIEL > AR L EAE 1 ST PM.s R FE b B B (R o »
PR AT AR A M B2 8 BUA Y 1 #hF1 A
B o

# 4 (B4 LUR BRIDL R e S IR RIRIR
. LUR based ML Model
Hybrid LUR RandomForest GBM XGBoost LightGBM CatBoost
R? 0.91 0.95 0.92 0.93 0.92 0.92
adjusted R? 0.91 0.95 0.92 0.93 0.92 0.92
MAE 3.10 3.14 3.83 3.75 3.81 3.83
MSE 33.30 19.78 29.30 27.60 29.16 29.30
RMSE 5.77 4.45 5.41 5.25 5.40 5.41
% 5 BEHERH R AR
. External
Statistic/Data 10-fold 20% Data External (2020)
R? 0.92 0.92 091
adjusted R? 0.92 0.92 0.82
MAE 3.87 3.84 3.68
MSE 30.00 28.73 22.57
RMSE 5.48 5.36 4.75




172 uimilysseaill S5l

3.4 FE PR AR MR AL HE i ]

AERFE S R (EHE R ST PMy s RS HET
THEM (2021 45 H 1 HE 19 H (CHEREN
i) > PAK 2021 45 H 20 HZE 31 H (S405EHHA
61 20 2 Fros - 5T 230 T EHEART (b) 7Y PMas
RN EARE AT (2) BFSAITHII—20- i
FRPET AT R IR TR EEES (o) > I DLIBE R

ParE TR EIRE O (B{H)  HDIF TEAf R -

R PMas RIS MR AR - 8 2 TREER T PMas
fEH T - RIS TRV PERIES - EfE AL
MRV Tt EADE M E - BURHESHRE -

ETHIEARERS - R A OB ENSOEREKX

T1T7 5 P 1 Y T3 W B P o Y [ R P i s Y £

F_+NE

>z

?’ E £ »
- il A bt
{g ] ng/m* :% ng/m?
¢ (a) ~ (b) P 3534 e (c) o s

- 508 BN

PM:s 04

2 ST =B MAT () =B BCHE
(b)PMa.s SRRTEHENE] + (o) B 1% B E A ATAH

3.5ECES t iR E

TREHRIE EAE S + e B = SRR
T PMas ISR 181 pgim’ » (G E R
(19.9 pgh’) - FFFEHEL T 5 +HUFIR B AC

HEFTECET ¢ e DA I AE IR RS BB E,

TR ARy © TR ~ Si{EEME - ARk
Gt~ ErE DU (JE 3 FR) ©

W 6 AR > Bo t fE HYSE R HRERREE 1 1E
EE - AE R EIEET PMas RS B AR
EAER (p {H<0.001) - JEH DU TIEE LU E
MR B - Bfems > EREHRE PM.s JREAEAT
A B o — B E IR MRS o TH LS e
P A R RS R T3 i R -

F£=H EKBI113F9AH

FEE SR - Y COVID-19 FEERYEE M -
HERE LEEEEZE T ERHL > ZEINE
BESh - 5P TR i T TAFPRABIRIPTE i -
HE T RAESER DS - FrA SN R
SEREIERI TR T 22 R T AR S Ey - B %
T By (HPEE CIRN TSRS B PMos RS RS- 5EA
HAEE > MOAERCHES t feE h EFBE I ER -

\

N

ST
"3
Frikasn [ HEE
SHHEERIATT N-\p el
) A ST
0 15 30 60
- 1km

T 6 {KIBAFE Lt F ST = AAIR PMas
RS HIECH tRRE (ng/m’)

LSO 5% e P-value
HRSETHIE 19.94 18.15 -1.80
TE 24.99 21.43 -3.56
FEE 21.29 18.70 -2.59
<0.001
&3 15.06 14.88 -0.17
i 18.41 17.47 -0.93
per | 23.57 20.45 3.12

4. 5Fam
&F ERAZEES IR AT o (BERHY L3 AR AR A
Ghe A ZE MR o RN PMos JRIETTHIE
SOAHE e s 2RI IS | ARREREEE (ML) Hiifr



BRI AR 2 S SRR DTG — IREMBER Y E 8 T MMM L2 2/E: 898 173
SRS~ BTE  TER - RIGE

& > WIS RE R R PR RE FR 2 T 5 7K -
st ML A S 3R B ERE - AR 5T FThk
*

B Bt ML BRI H ERAYERRS - Bk
ETMAES T AEREMNHERS PMos JRIE - H > 24
A LA S GRAVARIERE /T - RES S BIT IR R A
RZE PMos SRS E » AR SR A E R 2E
FUTAIAORM L - IREZNE  BHSEHTIRE
HIEEIR—E PR E T T T A A el
IR (Wong et al, 2021) -

RIS S » BRI R > DU
FC¥ ¢ e E o 12 = R S AR i {4
RNEIRF A 22 R 5 A RS B S 25 - Ik
AN o BEGEREREN T HAIREY T SiEEE
B~ TR - UHEsRt S - FEE T 8
HIRSR o MR I T = S AR S T Y
PM, s RS HEEECEHATA PR - B 2 R T AR E
R HARY PMas TE ST HR AT 22 o R LR 1
FRHE T T A AL 2

B M BRPR I RIIF 7E 45 SAHEE (02% 7 For) »
SR PMas IR R B NI - U2 MR 2 VR
HoA B o iR B 2T K2 # L — BE AR A
PM, s TR ;10 pg/m® BB #EITHTE AT
B\ RS R R YRR I - SRS PMas 5=
R T S P R BT A O S T o T RE A A B
il bR A AR (RS

% 7 FIEHFHIE PMys FIEIEE TR

= o ENfE
7 e & e
ST
R (e m?) 1.80 1.44 21.29 14.07
TRESEE  9.05%  18.6%  27.35%  24%

Fo2A,
3. én i

&R LRl - B TSR B MR = SR EREUR
BRI PMos SRR T RIS HYR 2 fE LR
ZE SR B HEEGE © AWM T BUFECR ~ &
SR BN BRI R I SRR R (7 > E5REH 17

e B PREGF & A E B 2 L AH L BRI PR -

BT R BRI BURHE ~ AR RE
F TR E S 5 R B A EEAVEAEE - H9eEn
EHRE R EAENE > A E AT IR RAEH N5
5% - BRSNS ERER - iR
THEAMERE R - LEAh - ARHZES | AR B E Rl
JER T HAE B e 5 A FEHIAS R R AR R RE 0 5 T
{BES « RACHIBT ST A] DU — P HRET S = [ 8
TS -RIAREGS - DR IR HERIAVEREERITRE
M o etk > RACHINTFEIER 5 2% HUBH T A FIERSEEL
AL [FEISth AU YRR RS - DR H R I
R 8 - MRS SN R IERAUE 17
178 > LA RO S N SRR RIER ST frag iy e
PR - EIR AR E S RAVE R -

SE R
SR ~ SRR - BRIE 5Fe X ~ BB H > 2020 -
JE I SE A < 3 FI] A 28 i R 5 A = A A
0 b TSR Ak Z FRF 22 5341 > FrAl]
FeodE M B ] - 25(1) ¢ 11-23 0 DOI -
10.6574/JPRS.202003 25(1).0002 - [Wu, J.Y.,
Wu, C.D., Chen, Y.C., Hsu, C.Y., and Chen, M.J.,

2020. Estimate particulate matter concentrations
variations in a petrochemical parks area using a
hybrid kriging/land-use regression model, Journal
of Photogrammetry and Remote Sensing,
25(1):11-23, DOI:
10.6574/JPRS.202003_25(1).0002. (in Chinese)]
M TRE ~ SGEE - FEtEE - 2018 o JEA] LA AT
B A U A A B 22 i 6 4 R B K 2 7 22 7
At > UM RGENERT] > 23(3) © 191-204 - DOIL
10.6574/JPRS.201809 23(3).0004 [Yu-Ting
Zeng, Y.T., Wu, C.D., and Lung, S.C.C., 2018.
Spatial-temporal variability of fine particulate
matter in northern air quality zone of Taiwan using
land use regression, Journal of Photogrammetry

and Remote Sensing, 23(3): 191-204, DOI:
10.6574/JPRS.201809_23(3).0004. (in Chinese)]



174

M IEHE R - T - BB E - REE - RE

z

Hlse « RIGE

ARENSET E-+NE

£ 0 2019 o FEEZE M A ARG 8L - R A A
TR = e 2 R IR POk 2 B 22 AT
FF0 S Rz 3% I B2 ) > 24(2) © 79-87 > DOI :

10.6574/JPRS.201906_24(2).0001 ° [Zeng, C.L.,
Hsio, Y.P., Zeng, Y.T., Mu-Jean Chen, M.J., Lung,
S.C.C., and Wu, C.D., 2019. Integrate geospaital
information technologies and land-use regression
to estimate the spatial-temporal variability of fine
particulate matter in kaohsiung-pingtung air
quality zone, Journal of Photogrammetry and
Sensing, 24(2):79-87, DOI:
10.6574/JPRS.201906 24(2).0001. (in Chinese)]

EREE 0 2021 - &5 & A AT
i B R A RE FR T B A S e = M & —
FALEZ HEMIEAY  FURFOEMEET] > 26(1) -
1-12> DOI - 10.6574/JPRS.202103_26(1).0001 -

[Wong, P.Y., Wu, C.D., and Su, HJ., 2021.

Remote

Development of an integrated model for NO»
variation prediction in kaohsiung metropolis using
land-use regression and XGBoost, Journal of
Photogrammetry and Remote Sensing, 26(1): 1-12,
DOI:  10.6574/JPRS.202103 26(1).0001. (in
Chinese)]

Basu, B., Alam, M.S., Ghosh, B., Gill, L., and

McNabola, A., 2019. Augmenting limited

background monitoring data for improved
performance in land use regression modelling:
Using support vector regression and mobile
monitoring, Atmospheric Environment, 201: 310-

322, DOI: 10.1016/j.atmosenv.2018.12.048.

Berman, J.D., and Ebisu, K., 2020. Changes in U.S. air

pollution during the COVID-19 pandemic,
Science of The Total Environment, 739: 139864,
DOI: 10.1016/j.scitotenv.2020.139864.

Bitta, J., Pavlikova, 1., Svozilik, V., and Jancik, P.,

2018. Air pollution dispersion modelling using

spatial analyses, ISPRS International Journal of

F£=H EKBI113F9AH

Geo-Information, 489, DOI:

10.3390/1jg17120489.

7(12):

Correia, A., Pope, C., Dockery, D., Wang, Y., Ezzati,

M., and Dominici, F., 2012. Effect of air pollution
control on life expectancy in the United States: An
analysis of 545 US counties for the period from
2000 to 2007, Epidemiology, 24(1): 23-31, DOI:
10.1097/EDE.O0b013e3182770237.

He, G., Pan, Y., and Tanaka, T., 2020. The short-term

impacts of COVID-19 lockdown on urban air
pollution in China, Nature Sustainability, 3(12):
1005-1011, DOI: 10.1038/s41893-020-0581-y.

Lung, S.C.C.,, Guo, K.J., Chen, P.Y., Tsai, P.F., and

Chen, P.C., 2004. Participants' exposure to PM; s

and gaseous/particulate polycyclic aromatic
hydrocarbons during the Ma-tsu Goddess parade,
Journal of Exposure Science and Environmental
Epidemiology, 14(7): 536-543, DOI:

10.1038/sj.jea.7500372.

Orru, H., Maasikmets, M., Lai, T., Tamm, T., Kaasik,

M., Kimmel, V., Orru, K., Merisalu, E., and
Forsberg, B., 2011. Health impacts of particulate
matter in five major Estonian towns: Main sources
of exposure and local differences, Air Quality,
Atmosphere & Health, 4(3-4): 247-258, DOI:
10.1007/s11869-010-0075-6.

Pratap, V., Tiwari, S., Kumar, A., and Singh, A.K.,

2021. COVID-19 lockdown induced air pollution
reduction over India: A lesson for future air
pollution mitigation strategies, Journal of Earth
System 130(4): 230, DOI:
10.1007/s12040-021-01722-y.

Science,

Wong, P.-Y., Su, H.-J., Lee, H.-Y., Chen, Y.-C., Hsiao,

Y.-P., Huang, J.-W., Teo, T.-A., Wu, C.-D., and
Spengler, J.D., 2021. Using land-use machine
learning models to estimate daily NO;
concentration variations in Taiwan, Journal of
Production, 317: 128411, DOI:

10.1016/j.jclepro.2021.128411.

Cleaner



BRI AR 2 WSS RRA DTS = IREMBER Y E 8 T MBI /E: 898 175
SRS~ BTE  TER - RIGE

Yin, P., Brauer, M., Cohen, A., Burnett, R.T., Liu, J., The Lancet, 386: S6, DOI: 10.1016/S0140-

Liu, Y., and Zhou, M., 2015. Ambient fine 6736(15)00584-X.
particulate matter exposure and cardiovascular

mortality in China: A prospective cohort study,



176 MARZBAST EZ+hs F=H KB 113F9A4

Impacts of the Level 3 Alert Brought by COVID-19 on Fine Particulate
Matter of an Industrial City in Taiwan Using a Land-Use Based Machine
Learning Model

Jun-Jun Su ! Pei-Yi Wong 2 Yu-Ting Zeng 3 Chia-Ho Lee*
Chih-Da Wu >¢7:8"

Abstract

The COVID-19 epidemic has brought significant changes to human activities worldwide, including in Taiwan.
On May 19, 2021, the government announced a level 3 alert to restrict public movement. This study aims to assess
the impact of the lockdown policy on PM, s concentrations in Taiwan's industrial city, Kaohsiung. Daily PM s
observations and geographic data from 1994 to 2020 were collected. A land-use regression model, combined with
stepwise variable selection, was used to identify important factors affecting PM» 5 variability. These predictors
were used to develop machine learning models with algorithms such as Random Forest (RF), which showed the
best performance with an R? of 0.95. Paired t-tests indicated that PM, 5 levels were significantly lower during the
alert (18.1 pg/m?®) compared to before (19.9 ng/m?), with consistent results across residential, industrial, street, and
green areas (p < 0.001).
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Learning Model, COVID-19, Level 3 Alert

! Master Student, Department of Geomatics, National Cheng Kung University Received Date: Feb. 27, 2024
2 Ph.D Student, Department of Geomatics, National Cheng Kung University Revised Date: Apr. 12, 2024
3 Assistant Researcher, Department of Geomatics, National Cheng Kung University Accepted Date: Jun. 24, 2024

4 Director, Environmental Protection Bureau of Chiayi City

3 Professor, Department of Geomatics, National Cheng Kung University

¢ Adjunct Researcher Fellow, National Institute of Environmental Health Sciences, National Health Research

7 Adjunct Professor, Innovation and Development Center of Sustainable Agriculture, National Chung Hsing University
8 Adjunct Researcher Fellow, Research Center for Precision Environmental Medicine, Kaohsiung Medical University

* Corresponding Author, E-mail: chidawu@mail.ncku.edu.tw



FAIRZBAST S_+hE $£3H HF177-1898 RHIU3FIA 177
Journal of Photogrammetry and Remote Sensing

Volume 29, No.3, 2024, pp. 177 — 189

DOI : 10.6574/JPRS.202409_29(3).0004

B FH A A DR 2 BB AT B G 2 SR

SREEES '

= 2%
fﬁmﬁ

S

AW A A DIAERS (GAN) fRAMET 1 B B 22 RIS - DABRARORR A ~ KSRk
DU BRI ZS PR F 2L AT T P sl - W FE (s o ~ 5 S m AR FE G T a2 - M08 GAN
HETTHISR A PGB IR - GAN FllSBiE » A pias B RHEARIT AR 0 R AT A% - HI 025
A& AR E T B2 R - WITERMER VGG-19 THIIGRIRAAETTRHEERHL fe T G E -
GERBEUT - BESNISRTCEE I - SR ANER S S R A R SR - BAESSHAR IR AR LB EERTTA - AR

> GAERGERE T ER O R R RS - RUCEILHERE - R T R ISR s R E H L
fiir > WABALAIUAAE - 40F5FR Batch Normalization © &7 LATill » GAN 18R B FETHE 2 RAR BRI HYTE

77> Ay

B O KR > R PR E A R e B A TR -

R - EAENT - HERE - AREPIER - RESE

1. AiIS

T R G A O] FE A Y B bR E H R R S48
A o AR E BRI R T
= BREES T E 5488 R E RS
KIFRAN - RASEAER S SRR I L 2 R 2
% GRS T 2 E ATARE o S
W 2GS (B0 © Maxar WorldView Z:51]
514 ~ Airbus Pleiades 5215 » so B M S /)N
A1 mo MERGMEIRET - FTRESZ IR R E A 8
RERFARTAEFRE - F5 2= BT T RERE
FlEEE 1| m (SPAE) - HEEGLFEW 25N E
R RHEED - AN ESERGET > RiltE Y
PRI EZF#EETT (Boain, 2004) » PRI EEIXHHA
W BE—EEELE 1-2 Kk 770 ST Fith s
WITER > SOAP AR ER R &G - £5—
Jii By EL G B EE (140 Planet Labs /3]
Fitlg SkySat fiff & ~ Dove i 2 ) i £ BRI -
PRI B RO - AT R A B e (R ] — E A
(Kim et al., 2022) » {H 52525 R f#T E 38  A e

VB RRE R TR R L
* BT R RERZE R MIT TR L R

*EEfEY, EEL: 03-4227151 §# 57619, E-mail: ftsai@csrsr.ncu.edu.tw

SRS S BRIS BEA (D, - Hi R B E R RR AT
TE HER(RIR E B (B0 BeiadRAERAALME) -
A HEFT BRI (Aiello et al., 2019) > R ERERETF
R B GREATE - F AT R B oA Al (EREEHFE H
e

H AR B SR U Z S &S, Y
8 I (Objection Detection) K & % 4 ¥4
(Classification) FEFEFIE R NE (Lietal,2017)-
B S INA 25 T 1 48 4 i 155 0 T R S 82 B e AR AT
(Super resolution) o A 7% E 5l i FH AR O P4 S
(Generative Adversarial Network) 5% & £ 5 4% {iy
(Goodfellow et al., 2014) » FEiEAEFEEE (Generator)
FEAREIRT 3 ISREE T B AR AR SRR > AR R
ST G IR I et & - i s
HI5I25 (Discriminator) [& 57 8 fi# T Ko = AT S 52
1§ MRFEE R4S SR O BE4G AR RCES - TETAH (AS 4 Rg
RETHBUBID T - BB IS - & AR5
FERENT S BHTE Rerm it FE RG> R s E
HRRARE R S I E BTG PR

WEH : RET 1134204 522 H
B H - REJ 113 406 H 26 H
PEZHI  REQ 1134209 A 25 H



178 AURIR:

i BN B AL - HERAER ]

FHOFREZEN -

2. AHBAVTSE

AR RN 75 T2 E R N R T T 2 5
AT (Khaledyan eral., 2020) - {11411 - & =i {H
HELE AR B R B R
SOH R G UIENRY > BORRIRAE - AT -
FRIEEARE IR - G TR E B
SN o AR pRHTTAERS EN B — BTk BIRE S
FHARIESHE BT - WA > ARER G B
SUHNHE  ARERIAERCE SRS G - B

G R E SR R E TR - @8 LR
Tﬁ*”T’Exﬁﬁ*ﬂzﬂ CAGRFEITE - B E%E’*”%???’ﬁ? L
IR > B - SISREREATRE ~ A
4~ ARG BA$ ﬂ&ﬁﬁﬁ%“ﬁﬁzﬁi%ﬁ%‘a Al
It RRARTALERE - AT TSN IT ST A picE
USRS TEERE » WHRETI SRE R AR M
AR B A B AR I R SR B AR o AR B
BRI R 2% - W oE IR ik
HERRA - EHitf ESRGAN Kz Real ESRGAN {4554
SRGAN SRR 2 57 > 81 SRGAN AU EL -
FiTHc 2 AR A PO LA P 2 A as AR R

(bicubic interpolation) °

VEAEUERS (ResNet) (% 9G4S (Dense Net)

DIRTHARIER R AR BB T] » I GRS
N5 Batch Normalization @ e {5 N B 4
1B & (Wangetal., 2018 ~ Wang et al.,2021) » 1%
S TR E(E Real ESRGAN FEAVETTIEL -
F2H StarSRGAN (Vo & Bui, 2023) » $1#HEAI AR
HIR 2R U-Net 5082 RIEEES) U-Net » ﬁ
1% R A e B s G A0 FOB G AERE /T
B IREHI AT AR R R G AR ARG
s LA BT RE

BT AR 4ERR AN - HA RS B AE AL 4E RS
(CNNs) ZEHEHYZRE EE T AN s g bR
BEE e RS > 5140 - SRCNN ~ EDSR K2 VDSR
% (Dong et al., 2016 ~ Lim et al., 2017 ~ Kim et al.,
2016) - 15 675 7k 2 PR ET A0 o) 4 ) OR S A S

BAET BB

F£=H EKBI113F9AH

(ResNet) I EEERE RN » T ] A
TR ACAERS - DUERU R N HIE R B
HEIMERUEBARATHIRCR (He et al., 2016) °

3. HFEH7A
AR EEER ZHEELEER - B4R
TREAT R RS o ZERIENTESY 3 m s S5 AR A
BRI 2R 31 om 5=

SHE R E SR SO =T E R 2 G 2R
FEFTREHY 31 em 2 6 m » FERFE S0 B E AR

BRGNS A ISR - SR AT
Z R AGETT 4 (BIEMAT (Downsampling) - {R4
i 80%[E AT 515 S HL A e 2 R da AT e
Rl - P ASARIRERIGR AR ALEShoe
itk - PEHIREEE - JORPRIER 20000 ARt (R Bk e
AHBIA > FERLEEARAT (Super resolution) #2524 -
1% 48 P& (H s B EE (Peak signal-to-noise ratio,
PSNR) J &5 HAE (L1
SSIM) ¥ B AT 5215 B R A i FE 2 5 T LR
¥ DeHbEfETe G - AR E
&l 1A e

S wawe S

%%%M%Mﬂﬂﬁ

(Structural Similarity Index,

80%[EENTH G R H B [FEE
RE AR A TR RIS

0SB REATRHSTE I 2
RN - ERSERTEY
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SRR )2 IR, 2 ST

1 REESHTSURE
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FI 5 FE B2 R AT oy i £ 58 5 i 27t
R AR ZERRAT R > DA b B AR EGHE - 15k
SllsRE ki AR > TR AR R TR R
FRISERLE o 7 Bl PE ARERUG SR - ARTSTHE ARk
R 2GR IEE S 4 (E55
o Rl Bys AR ~ BSR4 B ARSI ~ A
FEIENT A% S B AR B S G B S 0 SEAHEREH

TYAANfE o
3.1 AR REE

1) FHUIE4EBE (Image Patches)

FH A 2R P B2 S U B SRR HE B A AR 8 oK
BNHEER > GIEEERE G BUEREE
B RSB ERINESS - (40 ¢ Tensorflow J
Pytorch » MR AF VB BT GPU  ERUTHRE
EREREA » DIESEIIEER o AR AR
FIERMEL T » GPU TIRE & A ECIEfe A~ 2 R -
It AWSTE B R R R G AR - g
HEGECIERN R MDA RIELREITRIEE R
SAGBV) R B iR A BBE - PRI ARRALEI TSR -
HIRT SR EA BB ~ S B 4 — RT Y
15 [EIRHES I SRR AR PEAE -

(2) BAGIRMENT (Downsampling)

"RRERRATT o Pl IR G S AT FEE R G Ry (K
MRERRAS - 1 TR ) AR e e i S o
HrEREHT O ST S RIEAIHIT A A ST
R G AT s A S AT R - DUV
E5AG MR ARG DTAERS AT THIISR - FEH
2 NE Y E T SZ (Relative global contextual
information) [Bf{% - HEAIATARISARAEAT RE 2 TR Y

GRS Aol FUR S AT s B I 4HER

A AERB TR T E SR ZRAVANED - A& AR
BEURAE - 48 2 Fo o

3.1.25)l|8R 4 e b ps A Y
ERHDTERER AR Ty B AR s
(Generator) Jz #5728 (Discriminator) 4H% (Xiong

ER A A EARIS E RBEITREEZR B 2 S 179

et al., 2020) » DUTRASEHY&A62H Dhis Kol 4k 7 =l
NS
(1) %28 (Generator)

Az 1l o B TR R EC AT 185 S (R R Ry v PR T
sAG  ZAEAR P G TR A A B e A B T
NGRS ANl
(2) #7238 (Discriminator)

Hlpl A B Tiadas th ey S —(EEE - IR
GIEMS RS - R &Y [Raa s i e B
B ARk R -

() VGG-19 FHFISRMEE

FoallR AR s - AbFFEE TSR VGG-19
MRS ZEHGAAGV L - 1B SR ] RN & AR G
GRIF IR G RIN 2= 5 > DIFHEE A a4 BN
HEMNRAG - Hllass sz ARG G L
AR A BT GRS R G 2
FEJHIRAIIRSR (Perceptual Loss) @ #AE B N i
Sl 2 R B ANIRFSRE ERYZR (Ledig et al,
2017) - L RVAIFE AT SR TR A2 i M b
AN ERIEIERAS AR REs B B AR pies A B B T
[FABARH BN S  -

(4) HEFIGRTT=

A ISR AR

B RHEARAT R G A RS © SRR
HEB RIS » 1R R TERI SR 4T VGG-19 44
S AR B BB AR AT 2 B M IR 4G = AT s AR 6
B DIETRRVAIHRSE - M 8 2R A it 2
GRFIGE TR G RN R - AW7E DR
FEitE HiR7 (Mean Square Error, MSE) {E R/,
HEHRR > WAEZRM Sy MERHHRARHIEBRE T > £
GRS R DIFA e A R B TR
sase GBI AG: -
B. 5[4 5123

P4 7 P T 46 v AT TR S A9 L A Y
Bl H R Wit FEHHEEL
(Adversarial Loss): L4855 H B R A 125 77 AR
IR ERT sAG A R AG = AT T s B L - AR
W9 A XM (binary cross-entropy) iy
ek - feallgiEied - EaliZims MEEDT
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3.1. 38R E R

AAFEER A 2 AL oI fe s BTG
a8 > 73Rl R EEREREE (PSNR) k&t (Bl
(SSIM) » LA NffIEE 2 Fhe Pt e Sy = s s Al 5
7% (Alain & Djemel, 2010) EH#LA1/E °
(1) Ie{EERBREE

Ry HREER G ENIEE - ARKE(LR
Ao BRI RGNS - St R A
REARH TR (MSE) HIEE R ENIF G B
Z B EGRNZREITHEEE - B ko B
(dB) > HAEF REETBRBR i B 2 HHIHE L
e » MBI AR BRI « B0 © S0A5E
eI NRSTHEAGH R B AR -
(2) SRR

FEFEZGA TR - WSS TR
DUBE AT ANBRERIHY T S E Pl s AR - 345
FRERVERELE-1 2 1 2/ EEERET 1 TRl
SRECGEAEDL - that/Eet - BU=HY SSIM (HEIRE
BEGBFIAGIER - WL E T E
AR -

3. 1.4 1AL QR A A

AHHFEE FH RS RS AL B SRGAN (Super
» AL
FE AR pas B AR RS A T R - H T A S8 P
(ER A pkasH 16 {EEEZESE (Residual Block) ~ 2
&l |7 | FREE L BE  (Upsampling Block) ~ % %
(Convolution Layers) Kz @405k  S{EEZ=H]
NEE% 2 {E&fEE K& Batch Normalization & ~ 1
ERUS ek B - SR B G E R EGE BN
¥§#/# > Batch Normalization J&gHI o] &4 — il A1y
Big A THE AL - (ERIE PRSI e fE N
DIA B R H BRI - AR A st
(Shibani ez al., 2018) - (&7 A= R (5 Pk 1H 1%
(skip connections) {EA{EAEMTEESAGAILNER > 4t
— 2R B A i o B2 (T 8 ) v g Ay vy Bl
5 [ERFOR A 2 RAVESRE o 5o im) _ERREE LT A
Pixel Shuffle J57% » iBEEFPEY IR - RHEMEHTE

Resolution Generative Adversarial Network)
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S R B Ry i AT A 5215 « IR BR4HRAK -
AW FEStTI R FIZE SR (discriminator block) -
SHEH] B 2515 i 5:f&5 )2 ~ Batch Normalization &
Jt LeakyReLU BG4 EL (Activation Function) £HRY, ©
HFIHIESEeAa 8 EARIESHENE - & 2 (EeiEpE
(Dense layer) Jz 875 ek B 4H ple (55 — & 5
LeakyReLU ~ 5 —{[ £ Sigmoid) - E &R AR
TRHGZ B R BUER B ERER H BrE
BATIRGMEERTE - DRI 51l 85 82 8 BE A R e A 12 -
Sy R AL A S A EEEE — g - F2RAR
AR RIS Rl L 0 B B B E
i A\ 2GR R BRI R E R EE s T
&5 - SRGAN A filas S Hplles 2t - dfE 4 -

4. IR Kt

415752 E
4.1 DB R |

KIGE o7 B R AR I ~ S AT RUR &
5 T 2 B R v e b 2 1 B (R B SRR Ryl &
HBHE - DUIEAE BT RS A A R SR AR
Y DUNER S E R R E S A s
FEAFfFR 1) -
(1) FETEHESS

RERHEE SR PR R 2528 4000 SR
Rl SR B ORIEE R - (ISR T S5 B L1
(San Francisco Bay) KE2{fl{&%%E& (San Pedro Bay) -
RGN F 80 x 80 - LI E B BRI & HE
JEpEFE (Pansharpened) » EREGHI B 4E ~ &Rt S B
S 3 (B ES - ZZMIAEATEY 3 m > Horr 1000 R4
WEEZIVNFE - 55 3000 ReGARE ST
oI e o ABFFTILATHE Bl 4000 FREZG R HH%E
Ry 128 x 128 » IREFEZATGHE 4 (BT
H o BgRIKMIT R G 2 RS R 32 %32 - AbHTE
WE TPk EE 3600 5 (MR AT &8 52 1 150 5 1 Rk A
(Training Set) - E &k 400 FBMHUAREVEEA (Testing
Set)  FIEHL 6 5% (6 Batch Size) » F{E |
GUBTERAETT 30 &y (30 Epochs) FHE
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RN TRE 400 5 272 5% 128 55
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KB GRS E RS G 2719 R
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JEREEVEE 3 (EREL - IE B ERIEN B S S
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s GHE 4 BT TR - SRR RS 2
FAGRT Ry 64 % 64 © RBIFEHEIDLIEE 2447 FRIKAE
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Q) REEET R ESETEREES
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pipt 2 ([EHEERAY 22 R T RE A R T IEEEREREL ) B
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HBRRBENER - HERGOHR LR - &
REN R MGG AT AR - EE R
GREARYA it T ERE AEEEN
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G TH HEVCED (Histogram Matching) » (E#8fEHT
G T BRI R R G ER > YA S
—E > {E%ﬁﬁﬁﬁlﬁﬁléééﬁﬂgfgﬁﬁﬁ » [ 8 Fybbir

FEZTNE

FE=H REINZ3FIA

2) BEREANSHERSRREAERITE
AHFER G S T R = AT R G By
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FlEF G N a RS R AR T -
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AT ST Bicubic Interpolation

PSNR: 36.212
SSIM: 0.918
Il 10 Epochs
PSNR: 28.713

SSIM: 0.976

g)ll%# 20 Epochs gll%# 30 Epochs
PSNR: 31.785 PSNR: 31.295
SSIM: 0.986

5 Rt B B AT R R bR

SSIM: 0.987

Bicubic Interpolation
PSNR: 29.28
SSIM: 0.57

TR

- 34k 50 Epohs
PSNR: 28.339
SSIM: 0.81

;JH@E 30 Epochs
PSNR: 28.382
SSIM: 0.803
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PSNR: 28.168
SSIM: 0.709
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SR image
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Wag
gll%k 70 Epochs
PSNR: 28.992
SSIM: 0.849

SR image with histogram matching
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The Preliminary Evaluation of Generating Super-Resolution Satellite
Images Using Generative Adversarial Networks

Ting-Shao Chang ! Fuan Tsai 2

Abstract

This study explores the use of Generative Adversarial Networks (GAN) to enhance the spatial resolution of
satellite images, addressing resolution degradation caused by factors such as off-nadir angles, weather conditions,
and sensor limitations. The research utilizes medium, high, and very-high-resolution images, applying
downsampling and training the GAN to generate super-resolution images. During GAN training, the generator
reconstructs low-resolution images into super-resolution ones, while the discriminator distinguishes between
generated and real images. The study also utilizes the VGG-19 pre-trained model for feature extraction to improve
image quality. Experimental results show that image details become sharper as training progresses, and the GAN
outperforms traditional methods in terms of structural similarity. However, issues like color shifts and artifacts
emerged during image generation. To address these problems, the study recommends deeper training, post-
processing techniques, and model optimizations such as removing Batch Normalization. Overall, while GAN
models show potential for enhancing satellite image resolution, further improvements are needed to resolve color
shifts and artifacts, focusing on model stability and post-processing.
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