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FEEE S 5288 About the Cover
2018 F 2020 [ - WFTIE SR M2 BRI mEE - HHEE 1A A BB E Bt R IRV BT - RA
FIREEL 58.77 km’ AVIEAEMEE Ry #REEY - SILEMEE RS » BB O KT R AR B 5 [EIHAPE IR 2 Rl
R e 2020 F 2022 FEIENUSEER > BB SRR o HCRASEAERY 58.28 k' AURREEHIEE Ry LR MY o RURyfE AR st 2%
SR A RIS SRR RE At R - T g ARRER &4 -
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ER5?
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Ve B EEG R RE A TR LHEMTE SRR/ LENFEESE % A
MYeEACE & ¥ HEFRE ISR E - E25FERES F o NI 5 £ N SO
FORME o FHEPTRET A [FIRF U st P Bt 00 SRR AE T T A B GR BEWH FOR SR & - 45
AR R PR B AR R B RS TR - ELEEROCEEIREY 25m BRI IR FIRIEREROA - $hoh - fEHE
A LK BGTEHA IER BE M SO BN SIS BOR N - A R EI R SRR AR O BRI =&Y 1~

2°C -

BRI : JUEMR - LI FIHERE - MRIRENCE

1. IS

1.1 H5EEi

Bz #EZE B gt 2022 FIEATM 2 2050
FEPERSI R RIS AEEREA > HAPRAT AR R
ERIAYEL 7y - B 2 A BRI EEL T 20 B
RNEAEEAERE - FAZE 2030 F2ZF] 30GW
2050 fFEE] 40~80GW HYEEE HIE(TEPZEIZ &
WREEEY 0 2022) -

Piyatadsananon(2016)+5 HE; F P HIZA T
KIGRESEERNZE - (URHEER T EE AR K
BERTURES) - RO C BRI O REE - By T
RAE H P FIRE R H Y - BUN A B E 1
it 572 BRI EE - AURAVEE - B
G R EAEILAEEOR  EBUE ROt ERAVRE
& > BRI EREE R - 2
b &EfE R Aot E G MR & AR FEA
AREERIE (Wi = 2024) - FE{E$4(2022)58 s 1E 2017
FEDAAT > EESCEARAY SR (RS R A AR AL

R RYA [ T iy aaiiif e N = e
2 BT R LA SRR 2 B
* BEA(EH, E-mail: cigma520@gmail.com

TR BIAHEAEHY B AR E - B DABCREARER - 1]
DUB S B R U B PR SR R B
HAG B EAM TR HEER GG > ST UES
S BB A 23t 7 FH -
BISMNE BN S S L SIS RS
52455 AR — > Zhang & Xu(2020)FF§ MODIS &2
HYERGT AR ES » B RERAT —+ =R ES
E FORE AR - RAE R TR AL BN R
FY 3 2R P d P il & (R T 0.53°C » {H Barron-
Gafford et al. (2016):7 )5 & 516 =+ IEH—
FERORER > DUET A EERE FOYRURBEA
DABEET 0T 2SS A E(UHD B R 2N S URE(PVHI) »
W e 2R AR R L AR HE 22 R S & S DR AT
FOMEL 3~4°C e ZAMAE/KH _EaLERIAI Chen et al.
(2025)F1] Landsat-8 & £ 5% - B+ 7K EIEDE
AR R B KELE S AT RAVIEN - ZH5ERE
EHEZK A B AT R AT REE (0 ~ 120 m)Eid
FEIE(120 ~ 240 m) - ELEKEAE B A TR
TP/ KEDRE(WST) - W 7ess R s Km Al
HEEMR R T BE TR AT KK EDRE - 508
WeETHHA : RED 114 507 H 15 H

Bed HER - RE 114410 B 15 H
BEZHEA  BE 115403 5 10 H
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FhE4) 1.05K - BRSO Ao B ELYTY 120m -

BT > S E G R AR
i AENZEREERNS - el 7RG E S
i FEEBETRH (R > o] DR ERRE BUR E BHIRIE MK
15 HUE SRR RS R ROR &
TEEHER -

1.2 5 HEY
BEBIYMESRST AR LI RS~ FERR A
Xk > KL BRI E R R BN RS - E
BERREST A oy SO E B R RE &R} - (HHIR
FiltIEE BHE - A AECHAB AR SRS - EE
T/ NGEIHVEREECH ~ BURpCA S - MR
DR ST ~ AR @ S RS E R -
PRIEL > ABHSTHER FH 22 M fit s 5] H e B A i (B
MR - T AR FOR S 22 R A AR R - 9T
R SPOT-7 22 GuE TR E =08 - Rt
R 7> FotB A~ 7KAG ~ PREEHY ~ R B B AR -
i H 3% Landsat-8 ~ 9 #2525 PRI MR B
AETH RS SO » MM BRI 2=
ST o i BRI » AEHTT B EEE 9 R DA
TPUES -
(1) BX SPOT-7 2 G BT ZrR BN E %
S T SR [ -
(2) %4 Landsat-8 ~ 9 #E{THIFOREROHE » B2
P I L R [
(3) EEEA [E] -3t DR RV L -
4) T BN E M ERORER R -

2. B5EI57A
2.1 HFEEK

HRERTTRIERELENEREREREH 109
FHRECHELFh2EF - HEEEHLE
2024) > BHAERE] 108 2] 1IGW HUEE HIZE -
FITRE 110 K BEGFRERECE 33 B &
EAECHEE2E 16.8% > I HAZEHEHMBET A
PR EERE AL n] R R &s - JbPTlE - 2253
R EEE RSN ER e - 5K

FETH REII1N5F6R

HARHE &R LA TR > StERAEEN]
% Ryt BUBLK A - RS S 2K R e
BRGRE T - NIERRE ARt R fE 2 ]
AYRA{% > I LA B THYEREEER -

AR FE AL B G SOR O UL i st
FAIEE R 73 A R ALP I ~ 2 ~ R Rl B e s
HETETELT By 250.22km? » 495 22 T RS A AR HITEAY
11% - WIFElE R (B K T2 M - EE
&~ PR RS PHEREIER - ILHIFEE /\E%
EAgEs M R pElleE G SO B Ry SR 1) -

N \
A ;
ALPImE P27
n SerEn
L ‘o P7
wEE, |
.P4, !
b5
P6
+tRE
l LLJ
\ *x® e
0 25 5 10 CenmEs L] 2 5 10
— KM — —

1 el B S (i f]

2.2 B5EAL L

AWFeiE 2R G0 A I FOE 2 0m R Il £
JEEMGR BRI IR 2 B (4 - NI B G
ARG FETEE S R B 22 - DI e e BRI )i
2017 £ (L) =M - IEFBAARETE -
2018 e (HAERERSREIRD]) BIERE
2020 FEATEIERZE " RETRIEAL I R E | (RERRERAE IR
F 0 2020) - A HSHHIAGIZEGAL > EEERRFRETR
HZ > fEH SR 2P BRI RVEGEEA S
IRFREHHL > e R AT LR EREE SR
2G> A GNP FERYIEA R ER - SR
LR EHBRRREZ L REERZE - R
BEEA DG > SUERGUREEIE B F R
SO Z R - L - AT G AR
I AR SR EARK R Ry B RS > B 1R B8 2018 ~ 2020 »
2022 FIKFHEPBEZGH R
(1) B © BRFfE] Rk 2RI o 22 B M0 R R A
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_ﬁ/ﬁﬁ °
(2) JHE  =EFERZE H PR s R e (K0 &
firft+1.5°CH
BEHZEERGENR BT RRREZ
SRIFE BRI 288 > M HZRSASRNISERHE TS
H & mni SO (BOR A E » DUBES % H 52 BRI KSR
R E  DEESI P ERG Z RRRIRE

Ei

M HNE B Gt TR 2 SO B2

Bt B BB A oy Ry W (20 8% - B eI 2 s e
SPOT-7 EZG  ETEHEX D HRIZkEithE
T PSR o Ky TR ERY AR A
SAG BT AR - BFfEIET My 2018 £ 28 2022 4 » EfiZE
GEFANFR 1 AR « HZC > FH Landsat-8 ~ 9 252
B8 10 JZEE - AR ROHE G Z FE I R
B E - FEE1 SPOT-7 2 (% ErhE 1
MR SR E 0B S > DUk 3R B 200
&2 R - W RN BN B RS
Z R - Bt s G - IS RAET R 2018 A 2
2022 4 - B EEGE SRR 2 FR -

A HL AT R Bd fiy 2 8 M ROBUR S > HEh
PE o 1A 2022 4 10 HE 11 HHAM - 285E 8 fEtE
EHEHET TR HEEH] o F1IF SATO [of il S i G2 %2
STELSROLEMN R RS RE - (FRREREER
HUR LRSS 2 B - IHAMEE IE W H 2R
WFEF A Landsat-8 ~ 9 752 ROH N F R LT H S
T 10 Bz 11 HHraishE - R R R

RERTREEELIAR - SOZKIGAT G ZERILF RGP E -

2.3 BI5E A

231G EEEE T A
KSR AU E#ET T 73385 25 R AWt

Fer i H A 2 AT 2 R I

FA49y B kA © FE AR (Vegetation) ~ 7K B&(Water) ~ 2

Ak i(Building) - ¥ it (Barren Land) - BLYLEEH(PV)

REEM -

B ARHUE BB E ey — 705 - A
FEEEE TR A FIAVEIISRAE R - BHEFISRERY R
GGty plscEE A FERDOEEHE - S ARRHDUARNE
BEAEHERRFGITHOGEHE - ERTEHERE
TYFRHIREE - R AR ARG T IR B s o 2 A -

A FE A BB =0 S R A B AR A #E T
T MR - R DU /R
(1) SR AHFREANZREE & E 2

TR Ry KHS (Fa R FOR ) ~ BREEHN DURAE

At DFFRIE DUOC G B - IR

Ty J5s - ] USRI BT aRt & - MR

FEIE -

(2) AN © ISR EE AR AIFELY 250km? » (&I
TEAM 28 Ryt s T (H A E B8 S
WHGEER S ERE - AHEARGHITHE
FERE - FELEEE N S ERRIRR B 0 E
A B 8oy B Z W40 R B 5 A DU PR
11 DU i B PR Lt R )

7% 1 SPOT-7 oI

HEA TR (%) Gk ¢ e (°C) HfEOR(°C)
2018/11/03 12 CSR_A0003551 30.6 21.3
2020/10/26 SO(ET R ) CSR_A0010650 31.4 23.7
2022/10/12 25 CSR A0020087 30.5 21.5

% 2 Landsat-8 ~ 9 E2{G8HF%E
H A EHEE(%) fit] 53 = (°C) AR (°C)
T.CO8_L2SP_118044 20181115
2018/11/15 11 20200830 02_ Tl 30.1 19.8
44 LCO08 L2SP 118044 20201019
2020/10/19 (R 120201105 02_TI 322 21.6
2022/11/18 71 LC09 L2SP 118044 20221118 313 229

20230321 02 T1
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2.3.25RIME SO

ABHFEAIH Landsat-8 ~ 9 1 oG TR
FEROE » TR TR SOE AT A S R B B g
28 P > BEETRIE (Lroa > FU(D) BT R E(E
BB > 2001)(T; > T(2)) = ARFFERNFIR L SEA]
F Band_10 #E{TEE - DERAIT GHERAEF - 2020)
(1) HESTRE

Lroa =M, X QDN + Ay ccoovevveereerrer. (1)

HfLlros Ry B W Z SR HT 585 5 M, K8 2
Metadata & Radiance mult band10 2 {H ; A, B#E
Metadata tft Radiance add band10 7 {& ; QDN st
Fel@ BT ZIKIEE

(2) TR

HopT; B eRORE (P RCRAR » K) 7 Lroa Ryl 58
ATEHE()KET © K BLK, Ry e fH > HFrRRE w2

SR Z FRE B ATLAE R 22 Metadata SR -

() HFME

Ti

LST = [Tl .................................. 3)

1+(—) In(e)

b LST Fytesfiie: A 7y 10.895um; p = ’17
h=6.626%10"3% ¢ = 2.998 % 108+0 = 1.438 x 1072

NDVI-NDVIpin 2
—mn 3
NDVIpax—NDVigin

FI B AL E S Y - 1R FIEE. Landsat-
89 W EM B MFORELEGE S - LS H 20
FHAN ] - b 71 P o 638 ol e B A 558 8 T 3 I OB P 1Y
SO HEI TR AR B R T R A I AR S
B ERGE

233FADEEROLE
ABI s T H LI ST 2 S B A

€= 0.004 P, +0.986 - P, = (

FETH REII1N5F6R

FonEHEEADLESCLE R G R A ZREMRXEMN

st -

(1) BB - A FEE s VU E T B - EHE T
W2 AR - 3/ [EESAL -

(2) BFR : Fy 7 iR R A R R S BT
BEEE 2 N =R

(3) BEAERER : R RS DT T » Py AR
AT ETZE > #F— REAERRHILE
e~ AR ¢ S R E AR AR R D ~
[

(4) FHITE : (a) BEIS4Y 1.5m ~ (b) JBEKRES
FEF&IK ~ (o) BAPEMIRGE Ry 15 778 -

3. PCRET
3.1 LA

3.1.1 A B SRR
AEARFERIARIA] SPOT-7 i B2 G AUmEE =

TYRRBL R R A o A 2E s AR 13 P
fiE % - Eor i g s PRI o0 I 2018/11/3
2020/10/26 ~ 2022/10/12 » BEE 47585 A B A B
AMLO)RE 2 st T30 A R s e slliEok
H8(Water) ~ f8 A= Hli(Vegetation) ~ Z 3 (Building)
JEEEM(PV)ELEREE i (Barren)([&] 2) - S HFHHHYE
Wk 3 s » RfEs A HE R A ERE - ¥
mE’JiﬁﬂﬂHﬁl@FﬁTﬁﬂV BEERZ I EEOR - DAFAE

TRERE - BEERE - EAEHEL Kappa
%Eﬂgﬂ@ﬁ ANGE ez (3R 4~ 6) > DIFE TR
oA -

ABHFEAE T T E B PO SR BT TLE A [F Y
THUFIFRER - BTG SRR A T 7AL0 R ¢ K
fz(Water) © SZHPFElEA/KEG RIS ~ AIRPURGA

JIT > FEEERG 16 B A5 FIRRR & DL NDWI EBfs/I4k -
HAER O ATEPI R > ARSI Rk ey A o ]
R Z 57 > AR AR AT EE A Y 3R (Tidal Flat)
BT AR 2 © SRURATE KB 3 A e FE P
) FERERGHRE L - SRR S
HEEW R EEAE - FEBEHG SR & R Al &R 25
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BREZ SR AN AETTHIGR 5 Jn7) 1 R e o R E B
FEIBEITHGTT > DRI SRR ARG - tHA M
ZI R P A AR Ry > AR
B R G IR DL NDVI Bhyl4E » Ho
T FREIF 8 5 BB H A R R AE VIR R A
TERAE £ - BRI (Building) - B% BRI AR
DUETs ~ TR B X - fE B IR Al E
B R HAVEY) DU RS T TR R - Dt
W(PV) : {EFEFGFRR - SeERS 2XUERAL
HAEFYDeERZM#AEE - NILEEERGEIR
PR R B YO B - DU RERE T
[l - #REaH(Barren) : BZ ST P BREE it 1] 53 BOR AR
TEVEVIREIT ~ St B - PRI B Ak L ey
=A S EEITEN DR S R R -
FERZE R R (LT A DAS SR /KAGIEE
2018 ~ 2022 R JRIE A AR > (GHTFEE RS 35%
~40%  TEA ARG 2020 SFERAREIN T EA IR
T e R T2 52 A P AR A S Ry R 3 IR AE Sy
BT AR AREEEY) 2 R AT G g R R R Ba it -
Fo T REE eI R EAE (E VIRV b - (ERREEH
TR A AT LR RS AT $REEHETY 2020 SEHYHEITR
MHEN EFAHEN LT (SREETRELY 41% -
AT 2 i SR R st & (R EE 2 A1 ] DU HH PR A T
FEHE 2018 4 61%HE[E R 2022 4F 53% ; EERHL S
2018 ~ 2022 F4E 3%MHEANE 6% - (LR

(Vegetation) :
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E o REGIFEAOEER  ZENEETDIE
EHBTHRENB B —EERE  IIMERK
AR o] DA B AR E IR A IR A
IEEBURFAE BE R BUR A & 77 L M AR 1 sl AR 80k
MR EHVRAEREREE & DU BRI
KE - AIATLLEEERAE 2018 4 0.2%M4 1% 2022 4
2% > JHFENRE 2020 F 2 18R ERE RIS L
FERAE 2020 ~ 2022 A RECEBTLRL -

GB LA B iR KRR
Google Earth HE{THIEARIZ > At BhHY A Ry
JEftte 2 720 IRIRE RS EL B A/ N 2 AR
feti% R B m] DUE HY 7K G B A st ) F RS 15 =
2 90% L) L [FIHFER B8 sty FIREAS 1 iz 5] 85% DA £
e 2018 FEPROCENMGEEAG T @ & ERR D Hoesl
R BUKERRHIL > FrLAER BRI 20% © 155D
TR 2 IR HA R FE A SR > LN Ry R AL
B R TER R SR i Rt/ - BT ARG SR
A B EA U - (ERRERE NI - (BRI
TEEEE] 91% ~ 94%~Kappa {5 0.88 ~0.91Kappa
B 0 ~ | Z I HEE AR 1 RIFT AR
AENEFE R (S (PR T > 2008) » (RIE - BEZRERCAAY
(EE RAEEEFELL 2018 FeEBERHIEERE
FEFEARZE T AT FHAEATEAE 80% - (H A5 R4
BEMESZFEE -

% 3 S LA IR

T fEkm?(%)
2018 2020 2022
7KEg 113.18(37) 107.08(35) 120.47(39)
TEAEHY 115.23(37) 55.00(18) 111.07(36)
DA 7.87(3) 18.37(6) 19.21(6)
HEMR 0.69(0.2) 1.96(0.6) 5.13(2)
PRERH 73.04(24) 127.60(41) 54.14(17)
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7 42018 fE L HF o Bk AZ R

Kig AN EEt ORER AR BEEEE FHERE )
7Kg 183 0 0 0 0 183 100.00
T A 1 173 2 0 9 185 93.51
TR 3 0 10 0 0 13 76.92
HER 5 0 2 1 10 20.00
REEH 4 0 104 118 88.14
WP e 196 174 23 2 114 509
EEEEE (%) 9337 99.43 43.48 100.00 91.23
HEAHSAT (%) 92.73 Kappa 0.89
2 52020 4F U oy R IZ R
7Kg A Rk OREER e RiKEEE FAERE %)
Vi 173 0 0 0 0 173 100.00
TE A= 4, 1 88 0 0 0 89 98.88
R 4 3 20 0 4 31 64.52
FCEM 1 0 1 8 0 10 80.00
RERH 13 2 12 0 177 204 86.76
Ttz B = 192 93 33 8 181 507
EEEEE%)  90.10 94.62 60.61 100.00 97.79
HERS S (%) 91.91 Kappa 0.88
F2 62022 F A HUF Y ERRIZ R
7Kg A Rk OREER e RiKEEE FAERE %)
Vi 193 1 0 0 0 194 99.48
TE A 3 167 0 0 8 178 93.82
TR 4 1 22 1 4 32 68.75
FCEMR 1 0 0 9 0 10 90.00
RERH 0 0 80 87 91.95
Ttz Eh = 201 169 29 10 92 501
EEEEE%)  96.02 98.82 75.86 90.00 86.96
HLHGNE (%) 94.01 Kappa 0.91
. 14.49 km® (7K B8 R AR B 3, > HLJRRI T RE Ryt
312 IR ERR BT S TR [FIRHA 1,19 ko )
“EE B REES  ARIHSTIRE T A

FZ W22 BB oA > b oAk ] o3 Ry = (RIRF B
Sy AR 2018 ~ 2020 4F ~ 2020 ~ 2022 LA Kz 2018 ~
2022 £ > 7 FH _b A0C R {181 e SRR A i 15 L st A
s E (8 3) LA TSR (R 7 ~ 9)
IR ZA RIRFSHAYERL - $R SIS FIHA 77
FAR RS BRI - AT ST 2018 ~2020
A R - RIS BB A LI I

REEHNSE Ryy/KHe > LR I RE IR e B BUK A R
{4 o SSOMEAI SRR ER AR 52 - HE s R a5
PREERAVRIFYIHERIRE AR - N Rl iE 52 m T
Hhles IR F SRR ] R 4T 10 5 NATE 11 A
R FTEA 2018 SEFE A HTA 58.77 km? #8 Ry R FE I
FERERF S 2R3 7 5.65 km? g Ry ity - EHR
PR A 1.31 km? BB Ry R B AR Ry ORISR Ryt
BB 21 T 3R AP -
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2020 ~2022 -+ HUFFHERE » € L3RI PSR
JEEAMAHEIR 2018 ~ 2020 £ - fEERE A RERY
WA > DRIEEARE Sy SR B e R S i ] DA HRD'e e
T 2 A SR PR AR B 7K RS B R ER It Ay i - /)
HR oy IR B R AR - FKBGHESE Ry e REARAY IR 1.15
km? ; BREE S Ry BEARAY TR 1.82 km? ; FEAEHD

FETH REII1N5F6R

BHMAMR o {E I B m] DU R H —HAREE e R
Wk > R Ry (REE A 58.28 km?® P P88 Ry A= 3h -

ARWFEERE AT 2018 ~ 2022 4 > FHILPULRH]
TR 2 8898 - 1y REE S AT LSS EH £ A /KA
T AR St B AR R M Ry BB R R AR T R A L
SR TERE y 1.58 km? ~ 1.55 km? B2 1.90 km? - {8 4=

A 18.73 km? 88 R FEHY - #iFEHN AT 20.03 km?
FtB At e EEAR R DR At 301 R A
S DABEHG - 1] P TR 384 Rk T DA HH R A 3t
ELRER M D IR A A @Rt A 11.35

km? o

R CER AR 0.72 km? © [ESh - RIS
IR Ry e BN 0.1 km? > JRERI T BE Rysk &
SRR plcHh 2 Ry % R TR (& TR TR e K Pme
AL FIRRRFRE S D HI R AR - (HESE T RTRE
JRZ MR R N2 Bl (% FIH] SPOT7 2R
152 R A2 BR A 2 P e AT P2 2 B (4 PR B 0 R e

F= 72018 ~ 2020 4F - Hl | F 8 iEE

2020
T3 FIH ViS4 TEAM Rkt SEER REEM LULC2018
IKES 94.37 1.84 1.97 0.49 14.49 113.16
TE A, 1.02 49.61 5.65 0.14 58.77 115.19
2018 TR 0.43 0.20 5.81 0.01 1.42 7.87
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Using Remote Sensing to Investigate the Impact of Photovoltaic Panels on
Surface Temperature — A Case Study of Tainan City

Wei-Jyun Chen * Su-Fen Wang 2

Abstract

Photovoltaic (PV) power generation has become a key strategy in Taiwan's transition to green energy, with
Tainan City repeatedly ranking as the leading municipality in PV electricity generation. However, the impact of
solar panels on surrounding land surface temperature (LST) remains highly controversial. This study employs
remote sensing techniques to examine the influence of PV installations on LST. By analyzing temperature
variations across different land use types and time periods, the research aims to assess the thermal effects associated
with PV deployment. The results reveal that LST decreases with increasing distance from PV panels, with the most
significant temperature drop occurring approximately 25 meters away. Additionally, the conversion of vegetated
or aquatic areas into bare land or PV-covered land tends to elevate in surface temperature. In some regions, bare
land exhibited a temperature increase of approximately 1 to 2 °C compared to PV-covered surfaces during the
same period.

Keywords: Photovoltaic Panels, Land Use Change, Land Surface Temperature
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FEB LA G EERARSE AR RE -
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IOWRTARE | id
(a) Fas
fEd

(2) BUREGRE

IR I Ry B Ok B R B R B O A
Bl SUREER R (R E AR T(E] 24 (b)) ° HERE
FE R A A AT 73 Ry 8 7€ Hl (Image Acquisition)
P ERAVIR B B R B SRR A BRI - FERAGIERUT
> RARERERE RAER - SR EE
WS ESIBG IR S b - BRI E
AVRFIROCER TR - 00 RS B B B o ) L ([
25(a)) > #R A Zy 35 VT T SR T T GRS SE TR I B
(& 25(b))

(b) B[S HR R
24 BREMNE NS R EE

(b) BEE
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AWFEA DUE S FALHG N SRR H
KR M R T B Z S& I RSB AR
DL HAR SIS 4G EE S A2 1 - AR [EALY
HGNEE A PN BRIE F R ABE SR - Bk
HUTEE A RE S S AEE5 - HIL > A7
PSRRI EORTRES ¢ SR A R I - PR
PCA B LEEEFE 2 8 R - A ARIE 5 IH
PCA IR R & - 35T T 2T
B B (DU R R B 73 80 Difficulty Score)
DB AL E SRR RS R 0D 3.2.1 61
RO EE R GRE - RESEL R 57 5 E o
(Singular Value Decomposition, SVD)AY VA EET »
o N AR TR R A -
2 R A R BR RS - A1 AR B e R
A EEAIH G EEE - TRRE R 1% S48 Bl B R
I HE At AINE H BASHITES | o ST R DL S Rl
BRI R AsE ST -

3.2. 1548 (oI RS R

75 R R BT J5 BRI T 22 -1 75 22 RE R > A
72 5:% Alexiou et al.(2024)FEH > PCA £TAEHHE -
HUS = (E LR R EUEA = A, = A3 0 MHEENTA
2 TH A A T R S 2R EE AT - FHEdE
REATE ~ EFRPHERARIRR 2 -

LAR By PCA R iEm IR St R R 0
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26 [~ T (b) Omnivariance FHEHEIEAE FHIZE A2
FEMERVEIRS - S ERYIB G I RIS E A S ER
J& - & 26 (c) Linearity Fi{gdaiiat B4ERE AR
HE AR A FUE - FEEPEREYIRES - B
THBGFITLH 7 548 SRR SR RS R - 1B
Linearity FH8EEEAVER M FEPIE(ERLE - FTLARL
HEFR Omnivariance R AT AT (EAI Y 28 i KR RITHY
ERRIEGIEIR - HEIRE4EHY Difficulty Score F1HAE
FHRFES [ HIEEA = 4E @ s P& - 1
FRER LAY 4B AR AU -

8 #% > Curvature Gradient( 27(b))
Omnivariance IR 158 L2 RAYEREL -
{LLSP-t, B EL BT B i L R AR T (8 27(c))

27 ()@ /~ik R THIA Omnivariance FEfE1E
ERRENBA ESEE  ElRsEIMIIER
HE BN AHEREN: - 2 FRER R -
IHEER G B (58 ) Omnivariance 1 T2& (A 44 7>
ME - DVHEE TR TR A AR B R - B BURIAYRT
PEREZARE S (AR 26 (T B - (H [FINF 25 5k
A EFEEHER A R 28 AR - 2B IT&E AT AT 5E
M - R > (R B R IE A BT A (S R M BR AR -
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SE R 2Rt R B8 U BT A SRR ) o TR
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FETH REII1N5F6R

2 PCA FEdErEats « B NRI(EEE Alexiou et al., 2024)

&8 T ]
2 AR E A s — (B 77 FIH 2 BRI e
Seatterng (BT 2 ﬁiﬁﬁggﬁm T X 5 0 7 B2 - il
1 A LENR
FOp— k7 @iﬁk@$%ﬁ@ﬁ2%%%ﬁ’%%%ﬁ$ﬁ
1 :
_ /Q“E‘ =, = /] y - /\\:H: = /) 5 ymy 3
Linearity (G hhb g§g§§§EM%RAM%@@m@@EE i
Entrony () B iﬂfm% EﬁigW%ﬁﬁﬁﬁmﬁﬁﬁﬁ’mﬂﬁﬁﬁm
Curvature () S R - T L
1 2 3
Omnivariance 5 DA=(EFF B B 24 o] ST Bl BB R Y 2 4
(ZRZRE) Vhihls e
Anisorony (LT b ﬁﬁﬁ;ﬁ%mﬁ@ﬁZ%mW%%m’%mﬁ@
1 A S
e - B B L A0 ] e o B A A
Roughness (FAF1) @mP) el e - AT
Parallelity X / Y / Z 1:&{?1 Sl BEZERE T (A2 » IR ST (AT
CE7H) el AR
Z 3
Textural Entropy \" 2 It GEE N [EDEEEA I (E DU U5 = SO 215 M BUR Al
(SUE) E;ﬂv R

or e AR U AR A R BB T G 13
2025) > AWTFEE S & O TR R RER T ZE MRy
@ sEt—AaNEEE UEEE > HELBER
& Difficulty Score » AT ¢

Dif ficulty Score = Omnivariance X Wy, +

Curvature Gradient X W, +
Entropy X Wy

Hp o Wy » Wee K Wg 53 B B Omnivariance ~
Curvature Gradient J Entropy Ri#HaEHIRE » TIFT
R B TR LB BB A 0~1)- 2
B LU {6405 > HI Difficulty Score 75 0 :

Linearity > Bthreashold”neamy ............... )
Omnivariance, Curvature Gradient < O¢preashold

Hop o
Othreashola FyOmnivariance J; Curvature Gradient
ZALEFIEE -

B P B PR 1 R B B ARG SR AR AR B 22 R 7 A7 B
EERTE ] SRR IR E IR ERA
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BRI B * Linearity FIEERC Ry 0.9

gthreasholdlinearityjf%l'inearity F9 1% 1E

Omnivariance 1 Curvature Gradient FIRE{E [EIE% 5
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Difficulty Score HYHEEEE G - Nk
JESEAA - RERA TR I S MBS L 2 Iy i A A
f& - [& 28 @775 Difficulty Score :E4ERE » AL
225 1 S W BB DR B 5 26 2% LAY [ S A 2R
5}5 o
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HEB A ERIE A > (EAERANE R 23R
£ SRTERHERE © AHBTFELL Cui et al. (2021)FEH,
HYSPEREo A E 22A R B R AR 3% 0774 E 18 SVD
STEFEYPE > WL R A 2 Ry SR
AR - HLH R PR RO B SR B A B 247
A HEVEREL - RIS F AR RS E YIRS
A - BRI SR ET VRN 2 AR 0 5T
FARAPES IR AE AR - B R AE 2B FTOE
FIMEERF » BITRTHE % Bl Ry B E AR (588

L0k 29 Fror > R S SO A A
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[EJE - FHIY Cui ef al. (2021 AR Ry EHRPI (T -
EARE HEEREE T E AR > AUTFEAE A F3Y
(e (CITLL Sas)iogz s QXY = S L bap )]
HIRM: > BRI T E e BAVBURENIE -
HEME » AR R EE
{6 EFPEEL © EIeE Tt AR - FEFRES

E YRR R LR (P IR FEBOR (U RIER AT
PR N RS [ SR 2 FERRUR BERERE) s PEE BN
Tl 2758

SVD V))& 55 B dge A 72 T o

B E QTR ERIBIER 93

B - 55 = FEEE MR oy BRBLEF A S OF -
AUE RGO (Clustering) 1 & (R AT R ¢ SR PUPE
Fé%@ﬁﬁ?j‘ﬁ%ﬁﬂﬁ?%ﬁﬁiﬂwrﬁ’ﬁ%ﬁﬂ%%ﬁﬁﬁ
B RRIEE = FREXY ~ YZ R XZREGEHIERE
JE& ~ Esfc?[:[:(span Ratio) B & FE 1R 7 H B BER
BV (HETEIE » 2025) - BB L 2 FE ERHI R IR
1 AREETT 7B SR AR E M -
REZETHEWE 57 H I HY BT BRI BLIE & Y Y B & 5
@0 EMBERAE 30 Ak -

(a) Difficulty Score

(b) JFAEHREE

() FAEHREE FER
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T, i . \

S vl g
2 S‘“ﬁgj\_j 1"\‘ 2 iJ e '/"{""-‘j |
Hole detection and boundary processing |
Point doud with z Hole boundary Hole boundary Hole boundary |
holes g Holedetection g points connection dassification repair _J
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on surface
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3.3 B EI
K5 E Ry 8 (Image Reprojection) 2 F5 £l

R4 720 - REYRE = 4 A A R I &

IR VGRS - SLap R UE 1L T Y2 R

P Z PR ST R % » 5 [ e BEAR R S B (N T i~

ST AL ~ AR A B s S 8 DU ME OR (B R Y AT

M o Ry TR R ARG T2 AV T R - B

AR5y Ry W £ 2P B -

(1) mEEEGEN  HEGEGETARREE
& IE (B IEHR A 725 S ey S A e L A SR IR 5 722 )
EEA R G - (HGT AT S B AR S FLAE
RIS -

() G PREHRR  (ERIG TR K=
EVIRETS e R i SR b o BRILZAD - AT4S
EB2YHREETRAEER T LS ER
AHEE M -

FyMIZRERHE AL » R B G R
AR - W E S E R B ER LG TR g HE
SAG AR RN N ERAE T A2 AT WA R - FREEAOKER
{GBEAARE - i S BRI S G - T DASERRTESR
MR EAENERE - S LEH S BRI T &
TR FERAE

[tAh PN EEHRISHIE & - A
W T 52 15 (8145 82 JIE FH & o Ry 22 B 14 (Diagnostic)
BB M (Verificative) Wy (g M -

4 J4

P |
(b) FEH—ERE

31 BpEg ik

ETH ERKBIN6F6A

1) 2 B 42 % A & 2 (Diagnostic Image
Reprojection) : %5+ ¥ BESE R T RE o (8]
4G RN - 25 R Lt (i B S
JRaaseG - BRI A BRESAR TR 7T 2 UL
H s & HR R B 4G R EE R A A R - DUA)
TR GEPREUE B Y aR BRI -

Bi 58 M & & 8 #& B (Verificative Image
Reprojection) : Fll| 2 572 A4 &5 FL A5 I Bis -
ST RO T BRI BRI - &
I DA — {8 SR (AR A R B AT B R
il > T2 R R A= S A e A DR &S
48 R SR AT (S FE BB FE K -

Sing M R B A s () v e 31 jREREEE
4 Rl IR 2 ) B2 TH 1 A L BB 45 AR SR 1 152
EB I ERERE R ZESIRN WA E{LR
725 WIlE 31 (b)) (c) T HE R R ALy
ERESEHEPHEE - Rt EErEREIRTR
FI= B A (8 32) -

BT ML G B 2T G 2R A R L I i e PR
AR 2 o PR B R 8 TAERAR -
FERGE B U — D MR H R (L - P lE
R B B % 2R R Y = 4 AR & s 2 Bl R 46 52
g S N BRESE 2 s BB e EE AR
18 T ERY H AR E G R Bk EIE AR
(8 33)(H PO FIEERLEMERSRD) - BE
7 PR T A4 PR A R RE AR -

@)

(c) L —E R

R R RS R

BEENES: (2436.2, 280.6) | F2513588: 42.3px | 2252863 45.0px | Z4RE2EEEE: 20.0px
32 = TH R BB B o L B 4R
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1] BRYERAR

PEEELZ )
BERRS: (4493,1355) - #R: Au=-34,Av=3
(a) EHEZG

& 33

34 ERENEEER

AFLET B 4E (R R 5 2 IR LB IR B R
BFTELATEEN © fetl —EEE 2 BRI
RS T - g N\ BAE =45t PR —
HASRE T 2 TR 1L BN - P E A S e =4k
FHESH R E R IR EEE - #E > RS
(EE MRS SR ER X, Y, Z =(E)7H RSk
#(Residual) > SHEHIE LS BIVFEAE (0, 0y, 0,)
FISSRE AR (Ororar) © T E7FF B BIELHS RS Z FEEX
B s RIS SR B m) B AR AR 2 -
EWERALRI > Mg N B — i Em (L8
o —HETENENHAFEEELE - (FRESRL
e EE S A TR KM -

34 fEoRIL AL E H A AV E R R AR ER
HYEERBUR - AR B AIRAH RES0 7 = 4ERE SRR
B DAL ERERC 2 30 F — P HIREE 2 KB HY
FEENE - WAk EOEORHREATA 8GR
Frat B EY R0 BB S A IO Ay 22 ]
HEREIE - g N\ B EAIERET - LR E —
I E > ZHES HEEIE AT LIAL - Bty
PR E B E SRS - SRS S o B
K%L > DAGERR BIRFE = U807 [ B AU

et > 8 35 RS AR R
XY~ Z BFEDUAHE OB RE AX - AY
AZ > DIEHBREERER  ALEARIIEB R A

0l o v o alw N
&
3

( EEBBEEPL )
MERRS: (2269, 1710) — BR: Au = -41,Av = 52

(b) AR

TR EI R IR R

B~ BEEOERSIERAEE - R T HAIEEEER
H &l A EEAE A 0y = 0.027m ~ 0y, = 0.030m -
o, = 0.018m » DR ARHCIERE 0o = 0.044m > 12
SEEE SRR S5 = M SR ZE BRE £ E]
N S om AYEEENNGRE - FEE LRI AR L
BIHELAETIhEE » Mg A BME T DIEREE

R FIENEHIBEROAT - B R E M E

HE T ¥ 1] BE AV ER 2 AR (BRI B R B 22) e
TTPRERFFEBE - BRI ARy i SErE
b3

A
. -t
A A
‘. & >
oV .
. s
=] p—y A= y E’.:ﬁ
34 =4z E R =R
EEEags = o X
Point X S 4 Z Ax by Az
304421.931 2767916.477 57.365 0.0317 -0.0017 0.0290
304421.877 2767916.476 57.325 -0.0223 -0.0027 -0.0110
304421.879 2767916.421 57.337 -0.0203 -0.0577 0.0010
304421.889 2767916.517 57.312 -0.0103 0.0383 -0.0240
304421.943 2767916.505 57.352 0.0437 0.0263 0.0160
304421.877 2767916.476 57.325 -0.0223 -0.0027 -0.0110
304421.899 2767916.479 57.336
0.0272 0.0303 0.0179
tal o 0.0444
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4. WEENEARE
EZAER

KRERERLTEGETAE > SEAHR TR
B1 T AE ) MR SRIS B REGE TR S BER] - EdSE
PR R A EEN - B &R E T E T
HEIER
SAREBUARE) 2 7 L AT R ER AR SR
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E3]

AWFEFTREE T - BB EEER NS > 85
nn' B FE AV SR AL R R g KRB HE Tk
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Eill& o HE o UiS HE 36 K3k 3 -

36 KA H h = R E RIS (B T 2401
A7) [E] R 2B —sRE A b I AR [E B A HESR
FERH B B HVEEE R
() ERENRGETE

fElE 36 /£ b 75 > A LAFEE| " Point 1
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RAVEEATEER -

(2) e REEE A
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FAPT BE H 3 L U 2 1 3o [ 5% ] 42 4f 1 25 P
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* 3 HENEEERTEER

JFaaER HrE
I 1.X,Y,Z 1. Difficulty Score : [REEEEUEZEY
"7 |2.rGB 2. Hole Flag (T/F) : S 1 i FHiE
1. Point Std + Bh{ir AL pste
1. Point
- 2. Line Length Std : 43¢ S fEAE ==
& 2. Line o
3. Repeat Count : B HIE 20
3. Polygon
4. Reprojection Error : #5250 7 (pixels)
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geifE—Piet T EERE A BENE iR 2
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RS [FHEVHISE &R - (EHAEA RGP B ThHeiE
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SRR RE T | 5% H R R 48 o B S RE Y — D R
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S
R TR S B R PR R KT B & HEH5
(124755 MOST 114-2121-M-002-005) DL K i =
BT 22 M R 2 RN R € S — AR B Rl - 15
DUIERHERE 5 2 (I EEZBE T CENBESER
MEEEER » EILEEH -

SRR
PIBCET B L H4g 0 - 2019 © 108 AR =43 {E
AT E T {F % #i e - [National Land
Surveying and Mapping Center, Ministry of the

/I_n

Interior, 2019. The annual report on the

construction of 3D building model with

simulation texture. (in Chinese)]

o

PYBCER R £ A48 o0y - 2020 - 2 A L SR P HE 4
SUERo R i =4 IR A 2 e s & -
[National Land Surveying and Mapping Center,
Ministry of the Interior, 2020. The annual report
on the research of dividing aggregate 3D building
model into individual ones. (in Chinese)]

AETERE > 2025 - SEERRLE MG E A L E EER B G
BFCERES-LUEY) BB > BT EE AR R T
FEEZ 2 H 1352 > DOI: 10.6342/NTU202504227 ©
[Jhuang, J.S., 2025. Integrating quality
information and interactive strategy for building
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A Quality-Information-Oriented Framework for Measurement in
Photogrammetric Point Cloud

Jhih-Syuan Jhuang ! Jen-Jer Jaw 2"

Abstract

In recent years, point clouds have become indispensable data for producing multi-dimensional spatial
information. However, "Quality" has long been overlooked in point cloud surveying and mapping workflows
because, in practical applications, it is often treated as an end-stage validation or an auxiliary indicator for
evaluating results, with little attention to its influence on operational decisions, strategic planning, and the adoption
of survey products.

This paper aims to demonstrate the critical importance of quality for advancing point cloud surveying
technology, arguing that quality not only governs the credibility of survey outputs but also fundamentally shapes
the entire surveying workflow; through multifaceted examinations, how quality forms risks, constraints, or
decision-making references at different levels is thoroughly elaborated; and most importantly, a systematic
conceptual framework for quality awareness with a clear problem consciousness and research foundation for the
subsequent development of quality-oriented point cloud surveying workflows and decision-support methodologies
has been established.

Keywords: Photogrammetric Point Cloud, Quality Information, Surveying and Mapping
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Automatic Detection of Asphalt Pavement Cracks Using Unmanned Aerial

Vehicles and Deep Learning

Kai-Ming Liu I Szu-Pyng Kao 2 Feng-Liang Wang > Jhih-Sian Lin *

Abstract

This study integrates Unmanned Aerial Vehicles (UAVs) with the deep learning object detection model
YOLOWV9 to conduct automated detection and analysis of cracks in asphalt pavement. Leveraging the high mobility
and high-resolution imaging capabilities of UAVs, the system can rapidly cover large road areas and significantly
reduce the time and labor costs associated with manual inspections. The YOLOv9 model was initially trained using
the publicly available CrackForest dataset for pavement cracks. After 100 training epochs, the model achieved a
detection accuracy of mAP50 = 0.891 and mAP50-95 = 0.550 on the test set, demonstrating strong performance
in small object detection and pavement crack identification. Finally, through orthorectification and geometric
correction, the detection results were projected onto real-world coordinates for crack width quantification. The
results verify that the proposed system can serve as an effective tool for road maintenance decision-making and
management.

Keywords: UAV, YOLOVY, Crack Detection, Pavement Crack, Deep Learning
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Neck %5f#FHH FPN(Feature Pyramid Network)Ed
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TR - i & TE R EERS U AR, - 1T
FCAEREADT © BT 1 BifEAR T FBEh e
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Lyl G4,y +v) T [T () -T]

sz,y[z(x+u.y+v)—m—v]2‘zx,y[r(x,y)—ﬂz

Hfu- v BERETHE DESNRESE > Lo F
5% h B S FE IR IR S E T R iAo ry
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Applying YOLOv8 and NCC to Assist GCP Measurement for 3D Modeling
of Salt Warehouses

Lu-Chih Chen ' Jiann-Yeou Rau 2 Ching-Jung Hung 3

Abstract

This study proposes an automated 3D modeling workflow for large cylindrical salt warehouses by integrating
photogrammetry and deep learning techniques, aiming to improve modeling efficiency and measurement accuracy
under harsh environmental conditions. Two industrial cameras are mounted on a central overhead crane to capture
high-overlap images, which are enhanced using Contrast Limited Adaptive Histogram Equalization. Ground
control point targets are detected using YOLOVS, followed by subpixel localization through Normalized Cross-
Correlation. To improve the quality of aerial triangulation, LightGlue is employed for feature matching and
redundant image filtering. A Metashape Python script is then used to automate bundle adjustment, error evaluation,
and dense point cloud generation. Experiments conducted with 401 GCP samples show that the positioning error
is approximately 2%, demonstrating the stability and accuracy of the proposed approach. The results indicate that
the method effectively reduces the need for manual field measurements and improves the efficiency of salt pile
volume estimation.

Keywords: Photogrammetry, Normalized Cross-Correlation, Deep Learning, 3D

Modeling
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