T ERBEMENE 2 8 T

EE 1 Al 42 4 22 [ &

Taiwan Journal of Geoinformatics

Ft+=%t F—H PERE——NFE—H

VOLUME 13, NO. 1 January 2025

Published by Chinese Society of Cadastral Survey &
National Land Surveying and Mapping Center

”
\®) ABERE L B P ) E 3T



¢ g

s

iRl

$¢50E

1.ESg

B E R BH

BIEER Xt

EREE . EWE - 5EFR

P E S} 7= N i =
ERECIE - EEF -

W E R REX (FEE)

BIWER | REBN (FE)
W & gazuéﬁ (3T
B B EB (FE)
PR

BI5ES  EER

B B RER - ENE-
RIFEEE RES59A -

FEEE T

IR (FRIE)

TLBER
21Efm ~ BEABER -
REE - REE -

X}(-—‘—-

REE - fHER
FE2-4N)

oS - TR
FNE - ZHR

CEIER (FRIE)

BR (P4

CBXRE B8R

BRHEES -

Z B . IXITEF =MZF - EE - RinkE - ZIEHE =8%E =R RE#

EE

4HFEZEE REE7-1IA - BHREIA - HiE2-4N)

FHEZEE : REIE

Z B:®BXx MIH - BFF - ZEM - RELZ  SEE BTG #E2F  BL&H  BER

wiam e AR

wmo B COHIE BER - =WE

SHEBRESE BES7.1A B85 1A S5H:4A)

FEZE  =5ER

Z B IRC MER RRE RBE =2XE BEE BER FEEE #EB

B S NEERY

EE

(. REBEZEE WREEs57A  #F120)

FTEZEE  EWHE

Z B :RuhE- BER  ZEE - HEK - 21Em

B OB WEERM

1HEIREEE REE5 A BHBIA - BF12A0)

FTHEZE  EER

Z B EXRE FXE =EBE BREE MEE BENE

BB ERP

# FMUE

SEIREBERE REE4TA - BHFIA - FF24N)

FEZE  BXR5E

Z B.E3E FEE BRIER KLF =2%E =52R

o B EEG

E R EESR e

9 SRUBENRBHAEZET WEEI132IA - BHFIA - #5130

FEZEE  ESE

Z B BhEs - MRS BER - TREE - BER  RRE - SER - REE  =hE - ABRFE-
MR - FER

mEE RS

BEihit : 408 P HEEEIRIAE 3358285

#49 4 nttp://www.cadastralsurvey.org.tw

BFEH : cscs.editor@gmail.com



Iixﬂﬂé’ééﬁiﬁﬁaﬁ o RE——PUFE—H
B+=% F M £ HEELE BH

Taiwan Journal of Geoinformatics

Vol.13, No.1, pp.1 ~18

fl* S AFTHTEGEAFRAREZ ZR K2 HR

F= N 1% 2/ w2 —~ 3
[ CERPE FECRT FRE G

=

w2 it p #p 1 113.04.29
e iz p Hp 1 113.07.26
#m~ = p# o 113.09.25

"W =

AT AR BEE E 22 A ~ B T B DL R B R TR B B S TR S AR oK
NECER e AR B B AR SO St B NS 8 BB BB s 5 (E
LT ~ T RO RS RS AY ~ S 2 R K T A RS A A DL R it & MOL18v 1 ifir = »
REFE LR B A~ [F e B AR B AT A TAH R o ABH e A R i ~ &
ER il 2475 (Global Navigation Satellite System, GNSS)/FAE DL K fCHIK = E BRI 2T
g B AT EIE RS AR KRS 2GS - pORETR - BRI AT &R CGEIN)
FIEEJE GNSS JHEECGESN 77 HIEL MOL18v1 M fH = TE 5 DL R & i (R AR T
(Indian Spring Low Water, ISLW))7KA7 5 bb# » HAE(EE TERRZ & 0.20~0.22 m (G
R/IERS) ~ 0.14 m (BAMIEE) LUK 0.12~0.14 m (#5PN/ISLW) » [ff MOL18v1 7=
AR N Z A5 7 1 Ry 0.10~0.11 m 1 0.13 m » 5540 » /KRB RHEHR B RS
ISLW B TF 5 S A 1 BRI A SRR AH b » SRR A P E AR R =
2 S {E #EEE 5 B £5-0.225~0.177 m A1 0.130~0.226 m » Ferm/KIZEE IR Baste Ry
RIS it BB HEIETA 10~20 om #2252 -
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Accuracy evaluation of depth datum and system for

Taiwan using multi-data

Wen-Hau Lan'", Chi-Ming Lee?, Chung-Yen Kuo?

Abstract

In recent years, in order to fulfill the requirement for the development of marine
spatial planning, boundary demarcation, and the survey and publication of electronic
navigational charts, the Ministry of Interior has established a depth datum and system for
Taiwan, including five seamless gridded tidal surfaces, an updated geoid undulation model,
a gridded mean sea surface model, and a high-precision MOI.18v1 ocean tide model,
allowing users to convert land/sea data to shift elevations/depths from one vertical datum
to another. The study analyzed the accuracy of the depth datum and system for Taiwan
using multi-data, including temporary tide gauge records, Global Navigation Satellite
System (GNSS) buoy, and shipboard bathymetric data. Results showed that the root mean
square errors of the differences between the observed data from the temporary tide gauge
records (inner harbor) and the GNSS buoy (outer harbor) in Longdong, respectively, and
the water levels of MOI.18v1 ocean tide model above a geoid and Indian Spring Low Water
(ISLW) were 0.20-0.22 m (inner harbor/orthometric height), 0.14 m (outer
harbor/orthometric height), and 0.12~0.14 m (inner harbor/ISLW height). The accuracy of
the MOI.18v1 ocean tide model is 0.10~0.11 m for inner harbor and 0.13 m for outer harbor,
respectively. Furthermore, bathymetric data were converted to ellipsoidal, ISLW, and
orthometric datums, respectively, and then compared with the hydrographic survey results.
The mean differences of individual datums and the mean standard deviations were -
0.225~0.177 m and 0.130~0.226 m, respectively, indicating that there is a difference of

about 10~20 cm between the bathymetric data and the depth datum and system for Taiwan.

Keywords : Bathymetric Data, Depth Datum Transformation Model, GNSS Buoy, Mean
Sea Surface, Ocean Tide Model, Tide Gauge

1 Associate Professor, Department of Civil Engineering, National Kaohsiung University of Science and
Technology

2 Ph.D. candidate, Department of Geomatics, National Cheng Kung University

3 Professor, Department of Geomatics, National Cheng Kung University

* Corresponding Author, TEL: (07)3814526#15257, E-mail: whlan74@nkust.edu.tw



EUE - FRIR  FEE - MAZTERRHEEE R RE AR IR

- SR PHEP

PTG E T ~ VB3 o A S B - E 5 ST 25 T e » DA
e BRI R ) 2 (T 7K 50 & ) 1 BB - fi 1 T[] (Electronic Navigational Charts,
ENC)E M4 T 2 R =B A > 2022] » i H A FIRFHHHEC [F R g (=4 ~ 5t
Z(LiIDAR) ¢ = A S i B o F Rl HUBEE R 2 BB IR e 2 - Rt =
R =S R B Ak e FE AL R = (depth datum transformation model) > [
PR B PR (R [ 2 AR T 2 eV B A R - 7 ENC ~ K
AR~ TRKEE L~ TREEEANSRN K ENRREEAEEERE - 1 HAESIT
R AR E S22 &G — R I B -

PN BER Fs B G BN NS B B RS T » e ~ MRS S A
5~ NEVEHEEUAERHE LR KRN B 2 i E S R o R g T Sigs
AL (height modernization) ; ¢l » #T A AR MGHER PR 7R AL AR A =0 B -
WA 2022 FFEAE TIRFE R ORI RS O - PRELAG A - s R
AP BRSO nEAC s ~ BUAEE BRI CEAENTH] ~ ARz & E &R ~ 7K
AP EUEE R ~ JKEELLK GNSS EZ T ERAETERE - 2ENSEaZEMES
SR AL S {3 o T CATTHR 5 RS i 7 (Lowest Astronomical Tide, LAT) ~ £ A S0
fir i (Highest Astronomical Tide, HAT) ~ “2E5 =08 iz @ (Mean High Water, MHW) ~ 32
I (Mean Low Water, MLW) ~ ISLW ~ iR HEEE (R AY (Geoid) ~ ~F-557E7K
1A (Mean Sea Surface, MSS) 4 & 57 D) K =i & MOIL.18v1 Eifi7 f& X (ocean tide model)
[ 2 A - 2022] o AR KRS S s 2 B AR 2 TR B
i Ry B S - A At R g B A T R T A RE A - (E R BRI S %
TCEHE R AT [EIEE - DIFR e - o - EEDHEE FiE S5 GNSS
PR ATANZERR - A GNSS e fir Bl aESEk s /KR E » SRR TEIAIUE - It
JrECET X2 Fy GNSS-tide {E1F » MG & NBGED A SRS AR RO 8 2 4 Bl AT
MEAEEEARE WIESE LAT) » FE77E /K REER A EINEED - 2023a] - g2
BRI Ak 5o 5 RIS AT — /K AR S A2 ny A T B ] - el iSO KEE
BHEAE—2 - $E S /KRN EFERCREIEE - WRAE ISR A R 2 A FI 2R -

RIS LA RIS B i 2 AR 2 A S OE 7y » A& MOL18vL ik -
MOLI.18v1 i G B &R ~ MSS FIR /KA EfE AV AL - 2023a] -
A AW ZE [ ECED - 2018; 2020a; 2020b; 2021] 2 73 Bl EFAd E i PU{E R A 7 K5
MOL.18v1 AR5 Ry 8.3 em [NECEL - 2020a] ~ i1 E-FHEEE Ry 4.6
cm [AEES > 2021] - MSS FHEATKEEE Ky 4.0 cm [PNECEL - 2020b] - i A /K AE A
KB Ry 3.6 cm [NEED - 2018] » ZR1M » it F FEEPAEE% S S AR 2 KERE - Tl
R RS 5e 8 - JEETY MOL18vL AR TS 2R MSS 4 M1y EAth AL [H (40
BB ISLW S5 BLAE ) HEL TS 704 » SR FH B LA A1 i i 2 72 5%
VAR IS
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A ZEREA FH BEEER (i7 h4C 8% ~ MEHIZKZE &R GNSS J# 1 (buoy)FE % T E
P 2SR A KRS A B E o HP RS ERE R RS (EEARE:
2001 4578 =2 EL#E(TaiWan Vertical Datum 2001, TWVD2001); 85 : &I IE =) &
ISLW WafEEEAE - 1ff GNSS JHREE S IES/KAIER » Rt TR R A4
FORTE B AR IE S AL ISLW i ERHETT LGS - 550 BEAKEE R &
MaEksr ~ ISLW B IE &S5 AR » FLsis R R AR B SRS A SR KR B R A
ZHAEAE - NGEBINUAA SR A ECGRARELEL - ST ST SRR KOR E R A
AEFZR TR Ko 2 e PR AR R A bR o ST4E A A BIIAE R R FE AL HE )2
T RGBS 2 SFKE - TR eV ERCEAGE S UG A & FE R
T8E > DARESREM - BB R E LIRS R L E R E
FiTZER » I8BT4 e -

(—) EEREERERFRE ARG

NBCE L 5E RS B RO R A E - A0 2022 FEA0E - HEEANS
BB AR 2014 FEA SR EERIE ASERERN(TWHYGEO2014) » 31 H &K
i EIE 2T~ B, 458G 2B AN S 2 B RIABUANE i 1h(tide gauge)
B E 208 B AR MSS = (FEE 2012 FF)[NECED - 2020a; 2020b] -
11 i BRI v T B R R G P as KD » T RSl 7o iR R A b &5 SR A T4 - MSS #i
B EILSE 21 - -27 - ~ BHAL 118 » -125 - > AR ZEMIMEMITE By Ux 1> 708
R o 2 L 2B HEZE (Vertical Offshore Reference Frames, VORF)ZE MSS J57AFH{EL
[Tliffe et al., 2007]; /=5 MOL18vI JH{ir 15 =R A 55 [ AR Hr H A 22 Py 3 P Y
Princeton Ocean Model (POM) [Blumberg and Mellor, 19871 5 E:fEr 8 1 8 {E 15
N WSS EEE IS E R DU S i R &R E TR E - HERIEE
MRS A = 2 MU I EGED > 2020a] - MOL18v1 iz =X = AL & 26 (& 554
(M2~S2~N2~K2-2N2~Mu2 ~Nu2~L2~T2~K1~01~PI1~QI~S1-~1J1~NOI -~
OOl ~ M4 ~ MS4 ~ MN4 ~ Mm ~ Mf ~ Msf~ Msm ~ Ssa ~ Sa) » 320k T Al A
AN INAEF R R REM LRI T BRI A E A 0K B L - Bk - 2
J& FEAE RORTS S i B FE R MOL18v1 A7 =1 &, LAT ~ HAT - MHW ~ LLW
DUR ISLW %5 5 (ERAAL I - H 22T By 124 < (49 4.5 2 5) [NEGES » 2020a]
FRHL(E P A (A 22 B R4 1 A -

(2) ERRFEALmEER

[P, 2020a] FIFH 34 (B AribET (G MOL18v1 BRI = AT B IS4 B 8.3
cm o BGOSR 2 15 (EEI AL EORREIF/E Ry MOL18v1 Hifir =z
A Bk LA AR L A B AR - AR N I N BCE B =] 7 38R (2
& ISRDEH 2 16 (EERHFRI AL SR RNER DETTAPIREE S > BRI
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SEAE S AR | PR - J7URHR B B Rt e TF B ISLW e -
Lo TE R AR AR M S UM IS 2 KBk B R R4 - 77 ISLW S8
T 4 (B8 LRIRIBR AT A EEBRLEZRE My » 2 - Ki B0, %1
SY IR » 2RI B AR G TE R (P K R 7R o A s ok
150) " 388 2 SR AT K A RTINS LAy 5 MHRIRARAT - SR 15 ISLW 25
LA TER R 3 S - BTSN > ISLW 5f2 - SCARF
FI MOL18v1 S t5iat B A AT B ST K 2 S B L » S5 R R
PR S 5 SR 5 PO 2 o0 3 MBI 8 AFT A T 2 ISLW A5
B ETATESIS M R - SPATELEES - DI =0T E(1MOL 18v1 2]
fir 2 REBERRS M A EE P LLE ~ (2537 (harmonice analysis) 3 52
BRI B BRI AR B - RIS K S - 36
MOL18vI Fir 8 {LABEE: » RIZT /55041 T [Foreman et al., 2009]:

h(t)=2Z,+a(t) +Zn: f (t)A cos(a, () +V, +u, (t)—9,) (1)
k=1
Hrh b Bk s S Ewt; o REURIE R, Zo Rl &R S n Byor a8
(AT ERHRFEER A 20 ¢ 37 {538 [Parker, 2007]); a Byt fi 1w By ¥ TE
oy ke BVIRIEFIRE L 2 ERERA S E S Ax > gk ~ cor Ry 2557 T 2 =g ~ B ~ AR,
Vie Ry 2% o3 BRI 5 [ 8 (argument) [5RERIRISE KT » 2022] -

117° 118° 119° 120° 121 122° 123°
® Tide Gauge \
-] * Temporary TG ®Mazu East Sea o
@ GNSS Buoy
Llnls';rﬁgbé .Keelung
250 - - Jhuyei® @lLongdong ||,
\) H5|!1chu. .\Alushi
Ch 9 Shueitou ‘6 Waipug Su-ao
ina fou o'
@® Kinmen_ ¥ Taichung Porb .
é@ . ®Hoping Port
o o g _ Taiwa ; 240
o - .. | @Mailiao
= &OPenghu%)z'hao. :
- * Wengang ®Shiht
— E Dongshi
© Hangjun ihcao @®@Chenggon
- o3 ggong o3e
@Yongan @Fugang
Kaohsiungs @Lyudao
Dong ang'
. J ®Dawu
Liuchiu
200 Syun uangzulq-| @Lanyu 200
oubihu
21° Bashi Channel 21°
117° 118° 11g° 120° 121° 122° 123°
Longitude

B 1P 5235[2020a] % 123 MOLI8VI i =438 A& o034 B3P fxh(E ¢ F1Z)
2 OfRpE k(% ¢ A 5L) ~ GNSS 4R (lod = £ ) fedp R KR T AL ¢ FIB)A &
BI(is e p &8 % < [2022])
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Fo 1 2 38 PR TR P ek TR 2 TR

i ik s o UL R mne
104 TDO6 e 24.2933 120.5185 6 22%1156/ /(())53'
104 TDO9 A 23.3785 120.1383 6 22%1156//(2)53'
105 TDO9 GER 23.3785 120.1383 1 22%116‘(/0171'
105 TD10 Y S 23.2125 120.0832 1 22%11%0171'
105 TD11 SR 22.9964 120.1601 1 22%1164/0151-
105 TD12 kT 22.8194 120.2060 1 22%11%0151'
105 D13 e 22.6088 120.2735 1 22%11%0151‘
106 HYTDO1  JeiSifClE  23.3985 119.3169 2 22%1177//(2)59'
106 NHTD03 TEEEHE  23.1940 119.4216 2 22%1177%59'
106 YLTDO4 TEHHEE 231942 119.4297 2 22%1177%59'
107 TDO2 KEnfcE  24.9891 121.0153 1 22%1188/2)69'
107 TDO4 SN 24.6515 120.7714 1 22%1188%59'
107 TDO06 TS 24.2933 120.5185 1 22%11%//%59_
108 ETDO3 ERfE 24.8681 121.8397 6 22%1199//(2)59'
108 ETDO4 G 24.5925 121.8658 1 22%1199//%59'
108 ETDO5  #pEbfifts  24.4979 121.8435 1 22%1199//%69'

(=) GNSS JZ#iE

AR R F R AR/ NRER ~ BEF ~ Z9 5 3 i GNSS JHEEZEUIE
PHREEE MOL18vL i S 2 Y MNE S /KAIEE B F RSB AL Y A& -
B o2 BN EURSZEE » 7R L [FIRF3EE IR 1S - (0 /4 - B 48 4K (accelerometer-tilt-
compass, ATC) 2R » ATC FOR AR AT ol e HE (pitch) ELAE T (roll) 4 ]
SR - AHE BRI A AR AR A MO =05, 2018] « = (EIAEDHLE & RHE
FEJFE GNSS JHIFHUIE R &R = (R4S 2 FI/K R Z IR AR EREE - EHE 2
IEEFAEGR 2) o /NRERFIZ TR Y GNSS JHRESIEM B 3 7 1 (3R 2) » MR
R E ~ TR DU EURZE: - HIEDHER K B bE e S HEZE
NEES B AL - TR TERLEGETRAT » RlEEE Rt B LU IR & it H
FIEAMARART S RE - R R SR (AT MOL18vI JMifir iz 1R =) i
17 5 /N RZEF4 (moving average) V- E e » (HR /KL E R Z AL AIHRIE—2( A
> 2023b] A BEHEF TS (E FLER - 8] 2 B 2020/10 /)N BR GNSS S =251 MOI.18v1
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FN I 2 IE S e AR A LR - FHIE P AT - GNSS SRR & 1 MOL18v 4
= E —20 MEREEREERZER 0.076 m > fF& MOL18vL FIriFE=UkEE
(~8.3 cm )[AEHES - 2020a] - (EAS A BRI B S i 22 nT 8 10 N PAE -
JF IR By A AR AR A B 048 b0y e-GNSS ELHERR (L - THFESALING > S
FRREIE AT RER G AR » 581 IEREEEPEER 4.119m > ZEEAEERRN
BUAKA BN R SUE AR 4R 5 CR 4R I DK R 2 BEEE) - Fon i B R
A2 NV NRERAZ S GNSS JEEES AR A E S iU A5 MOL18v1 iz 5
AZIEE RN © REERERIFIEER A] RIS S R RO S AR Y IE
s ER AR - BRI EAE 1 Fos -

% 2: RT3 % GNSS 2 Fa[P 5% 0 2023a]

G () ) BUASAAR  BUHIRG R
/R 22314 120.363 30 22%1292//0112

HEH 25.096 121.922 1 /N 22%1292//0091-
= 24.237 120.409 3 b 22%2222//0078-

Water level (m)

4 . | , ‘
2020.74 2020.76 2020.78 2020.8 2020.82 2020.84
Time (year)

B2 2020/10 -] 5: 7k GNSS i$188 /2 (E5)fr MOL18v] i =58 2. & & 8 /2(F
BB TR E L B (A S)[N SN > 2023b] o B Bedp A B S ] A 8 T
T g g

W

() FRIKZEER

AWM ISR 2 EIROKREEE R - MR ERAE KRS S 90k K%
BRHE R EEES - ISLW BRI 5 - W BRI ST BEalc R AH Bl - DASHS
RFEHAE Z AT © 5% B RHE E NEED 105 422 109 45 /K788 84 Eisk > i i
izl > il E 1 For o HIEUEE A0 A EGED - 2021]:
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1. JEMCH] WGS84 Mgkl Buste > s J it By ISLW B » 3 BAFH] ISLW EtE
Z IS TR A o

2. UHMICH] WGSS4 FERRELE > Sl Hh i by TF s o S B 1 e st > 3
ST HET TR RS -

3. IHSAIIE BTG AR by ISLW S5 » SEBUHNI ISLW H6E 2 ity
TR TR P A -

4. TRERCIIIE B e 2 e T i Ry WGS84 HiEERIEAE - G BRI WGS84 ek
A 2 RIS M TR RS -

5. WHH ISLW L8 Sl b o b TF e ELok » S0 B i o ke > g
HET TR RS -

6. HEHAHI ISLW Fefe > gt it 55 WGSS4 MEBRAEE - SELALHI WGS84 i
BRELAE M S TR R RS -

NP3 RE

(—) DAERRF B EORR Pl R B R A SR

FIATTBRHR AL 104~108 FEEEREH A RERIER 1 FIE 1)53 BIRZERE B4R K
IS BB A 2 TE = ISLW i BRI LR - SRt 3 FI5k 4 s - Z2{E
E AT HRE R e e A A 2 = DL KA {00 MOL18v1 i i = =B
% FEERZETR MOL18v] BB » M TR A a efE AL S R
Je MOL18v1 Bifir =X e fai 2 » AR BEAaE FE [N BGES » 2023a] o FHRICER AT A »
FREA FaaE R AR MR Aa T B 2008 2 S8R Sk B R SO
iz 81 MOL18v1 B = EE#E AR I — 20 ZEEAE R A 2 F9E - 0.12m A1 0.14
m [FZ 0.10m 1 0.11 m (3% 3 13 4) » HJFR KSR MOL18v1 #ifirfHi=(rE Lz
AR B SR T 8 R - SEERFHILE TP E 104 FEREREACE IR O ARG s
uhZ A EEE R A HIERBROHSEVIE RN SEH 3 K Ao EMTE TS
53 2 SRR H - MOLL18v 1 iy A B FE RS il (i 0k 22 (E AR (R 722 2 SE39{E F 0.10m
F10.11m > FEEHE AT iy MOL18v1 AL 2 AT FEfR S > BAFIFH 34 (i b fAh
MOLI.18v1 FAAFEZAEE (8.3 cm) [AELED » 2020a]4HT -

EERF AL R E R AT MOL18v] R /KA TE = 8 ISLW SatEAE
1F 5 7 E S E # ] F5-0.23m~0.47 m > [fij ISLW Z ({8 S H(E #5[E F5-0.89m~0.98 m >
Horp 4 (S BERE k> 22 {E S E R 30 cm > 531Ky 104 F1 105 GEARLEE ~ 106 4F
A EIEAR DL fe 107 FEREREFABREREIF IR 3 13 4) - By 2 E I EE
RZIRA - I 4 8RR AL 55 R AaEOHEEE 73 BAT MOL18v1 i =X 2 1F 58
ISLW SHERES > 20[E 3~ 6 Ao o &l 3 KR 4 5351 £y 104 F1 105 FEAR LSS ERERT 5
ik - Hor 104 FFARLSEEEREE A PEETL MOL18v] EifirfE= > [E & f1 ISLW =i3E
SEEE S B 0.26 m A1 0.98m 1] 105 FFE{HFIGEE F 0.47 m F1 0.03 m (58 3 fI
4 HEAABUAIR R A [E) > (RIS L A S M EE - 5540 R [E AR i s ISLW
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FIIE S ERHHE - FIEAS RIS AE = B EERE - 104 R 105 FEARL G 2 R AE
[T = ELPEEE > Al 5 1.80 m 1 0.67 m » FRosAHRE—F - Wi AR H 5 H iEgEE Lk S
1 m - [EENEHER -

& 5 Rkt GBS A Wk} - BES e A B & B S M it E
IR KAIRER - RPEERH I WE /K AT B LHERZ Y 0 SR/KER | T RZ - [l 5 s
TR RS AL 5 T = 7K A B MOL18v1 s > TFE KA & —2 » Z{E
{EEY F-0.07+0.10 m » ZR1f] ISLW 7J<ﬁ[?ﬁﬂzi’*jﬁz’\j}%-0 89+0.10 m - jRFJEZEA{ Cl
AREEIF LS ISLW MITE S 8RR - JE15 /i A8 i [ 2 B PERELY f-0.772 m > [l
AREFERIA 60 73 HEHE 2007~2022 /a//ﬁﬁzﬁﬁﬁliﬁﬁ ISLW AH 7Y & AL o PR -
1.632 m - [f-CEFEEAN T3 H BN R nE > BB = E B (ISLW  FI1ES)
73 A Ry-1.129 m 1-1.247 m » o G AR vk ISLW BRI EAREA TS
TR G FE N R L UG E R - E 6 SfRERia BRI miirnh - BN SEE 2 5
ST EECHUIERHR 2018.45~2018.5 A MZEERERY - RIILEAEMEEIE
PEEEIRAS AT WA B G PSP S AR KRS A 4B S - A M BRI IR %
MOI.18v1 FHir =7 IE=F1 ISLW =45 & 457 B B 0.08+0.16 m A1-0.01+0.10 m > [fij /A
FHokE 7 P R R 7 (Root Mean Squared Error, RMSE) -5 {E 47 F f 0.20m F1 0.22 m
PIR 0.12 m F10.14 m (2 3 {13 4) -

% 3:104-108 T i == FoR 2 MOLI8vI P N 1 B F f22 £ BT 5@
(Mean) ~ &% i, £ (STD) % 32 1335 £ (RMSE)[} #c3% » 2023a] -

. R Harmonic analysis (m) Raw data (m)

Sl Rl Mean STD RMSE Mean STD RMSE
104 FEAE > 0.13 0.15 0.20 0.13 0.20 0.24
104 LS ,%* 0.26 0.17 0.31 0.26 0.20 0.33
105 Ly 0.47 0.11 0.48 0.47 0.13 0.49
105 H%ﬁ;‘% 0.14 0.07 0.16 0.14 0.12 0.19
105 RS 0.28 0.08 0.29 0.28 0.16 0.32
105 TR 0.18 0.11 0.21 0.18 0.13 0.22
105 =i 0.16 0.06 0.18 0.16 0.08 0.18
106 WA CEL A > -0.07 0.07 0.10 -0.07 0.10 0.13
106 T EEB -0.20 0.04 0.21 -0.20 0.07 0.21
106 T H B -0.23 0.11 0.26 -0.23 0.17 0.29
107 T2 0.24 0.11 0.26 0.24 0.12 0.27
107 AN -0.03 0.23 0.23 -0.03 0.25 0.25
107 FBIEE S 0.47 0.20 0.51 0.47 0.21 0.52
108 Sk 0.06 0.07 0.09 0.06 0.09 0.11
108 ER 0.08 0.06 0.10 0.08 0.08 0.11
108 1y E PR s 0.17 0.07 0.18 0.17 0.09 0.19

Mean 0.13 0.11 0.24 0.13 0.14 0.25
STD 0.20 0.05 0.12 0.20 0.05 0.12
Mean (F2R4L F52) 0.08 0.10 0.20 0.08 0.13 0.22
STD (B4l 7 8E) 0.16 0.05 0.07 0.16 0.06 0.07

*D B ISLW A2 bR R R - Ko 3 A2 104 ke 104 F KB 5
2015/05/27~2016/03/31 > @ ISLW A #2104 54874 f- 104_7# %Kik ¥ % 2015/09/03~2015/09/05 - **



B -G BZERTER B =% B

B3 B TR e TG AT 107 E A - B R EK RIS R RP [N SR R s
2019] % & # % 0.408 m -

% 4:104-108 T i =2k 72 MOLI8v] 8 = 758 ISLW # 422 £ & T35
(Mean) ~ {52 i £ (STD)% ¥ 4235 % (RMSE) [ #c2% » 2023a] -

- . Harmonic analysis (m) Raw data (m)

IR s Mean STD RMSE Mean STD RMSE
104 FEfE > 0.07 0.15 0.17 0.07 0.08 0.11
104 LS 0.98 0.11 0.99 0.98 0.05 0.99
105 LSt 0.03 0.11 0.11 0.03 0.13 0.14
105 e 0.01 0.07 0.07 0.01 0.12 0.12
105 L -0.07 0.08 0.11 -0.07 0.16 0.18
105 TR -0.01 0.11 0.11 -0.01 0.13 0.13
105 = e s -0.05 0.06 0.08 -0.05 0.08 0.10
106 B CIEL s~ -0.89 0.07 0.90 -0.89 0.10 0.90
106 T EFREE -0.01 0.04 0.04 -0.01 0.07 0.07
106 TEHEE 0.09 0.11 0.14 0.09 0.17 0.20
107 KL 0.12 0.11 0.16 0.12 0.12 0.17
107 AN A -0.28 0.23 0.36 -0.28 0.25 0.37
107 FERE A 0.38 0.20 0.43 0.38 0.21 0.43
108 ST b LS -0.03 0.07 0.08 -0.03 0.09 0.10
108 ERE 0.01 0.06 0.06 0.01 0.08 0.08
108 1 E RS 0.00 0.07 0.07 0.00 0.09 0.09

Mean 0.02 0.10 0.24 0.02 0.12 0.26
STD 0.37 0.05 0.29 0.37 0.05 0.29
Mean (F[R4L &%) -0.01 0.10 0.12 -0.01 0.12 0.14
STD (B[R4l F8E) 0.10 0.05 0.08 0.10 0.05 0.08

*P B ISLW ARz P b ERIEFFRS - Ko T B A2 104 4 104 F K v S
2015/05/27~2016/03/31 » & ISLW 2 104_j:4&ikf- 104_+ %8 ¢ 5 2015/09/03~2015/09/05 - **
BP 3B TEAE R ek T o 14RT 107 R A S - FoRF R RMR R & R WP [P FINE L R S
2019] % & # A% 0.408 m -

25 T T T T T T T T 35 T T T T T T T T
H * MOL.18v1 ISLW * MOI.18v1
2 . ] .
Tide gauge sr Tide gauge| ]
* . .
15 + Difference | ] ~ Difference
— 4 b I F — 251 1
E L aa B4 B £
= bl ) 'm(‘l 1 ’ =
] I [
> >
@ ' @
1 . —
£ z
S £
a5 ‘ ‘ ‘ ‘ ‘ ‘ ‘ . 0 . ‘ ‘ ‘ ‘ ‘ ‘ ‘
2015.4 2015.5 2015.6 2015.7 2015.8 20159 2016 2016.1 2016.2 2016.3 2015.672 2015.674 2015.676 2015.678 2015.68
Time (year) Time (year)

Bl 3: 104 & F Kb fepsp ak(F E&R)A B {e MOLI8v] i 5% & 3 (H; = B)&
ISLW(+ B])® #2.4p vt [P Fc2R » 2023a] ©

10



25

Water level (m)

B0

. . 25
H + MOL18v1
~— Tide gauge| | 2}
+ Difference
€ 15f
©
>
oL
ol
©
=Z 05f
ol

FRIR - FEST  FIHZTTERRHE BRI RO E R S

2016.5

+ MOL18v1
~ Tide gauge|
+ Difference

2016.7 2016.8

Time (year)

2016.6 2016.9

2016.7 2016.8

Time (year)

2016.5 2016.6 2016.9

B 4: 105 & # 8B e ip b (F EHR)A 4 {e MOLISV] i st & % (H; = B)&
ISLW(+% [B])®8 #2.4p * #[p #c3% 5 2023a] ©

2 T T T T T T 3
H * MOI.18v1
15} : E 25¢
Tide gauge
1k + Difference 2r
e = 15F
E os) E
) ©
> >
D of 2
S S 0.5 -
2 2
© -05F ©
= =
Af 05}
-15F

2 " N " . " " "
2017.35 2017.4 2017.45 2017.5 2017.55 2017.6 2017.65 2017.7 2017.75

Time (year)

T

MOI.18v1 ||
Tide gauge
- Difference |1

A5 " " " . N " .
2017.35 2017.4 2017.45 2017.5 2017.55 2017.6 2017.65 2017.7 2017.75

Time (year)

B 5:106 & & ik T P b (F EAR)A S fr MOLI8V i #0538 & 3 (H; = B))
21 ISLW(% B]) 8 #24p v* [P #c3% > 2023a] ©

* MOI.18v1
— Tide gauge
+ Difference

* MOI.18v1
—Tide gauge
+  Difference

—_ 2 ] —_— ]
S E
= =
o1 1 °© 1
> >
o o
T 0 ] ] ]
3 3
e 2
-1 N N
-2 N N
3 ‘ ‘ ‘ ‘ ‘ 1 ‘ ‘ ‘ ‘ ‘
2018.4 2018.45 20185 2018.55 2018.6 2018.65 2018.7 2018.4 2018.45 2018.5 201855 2018.6 2018.65 2018.7
Time (year) Time (year)

B 6: 107 & 42 457408 Topd i =2k (F F40)A 5/ fo MOLISVI i i & & (H; % W)
ISLW(% B)% 4247 +* $ [} #7220 > 2023a] ©
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B -G BZERTER B =% B

(Z) GNSS FHERHEREER FIRE RS NRE

FEJE GNSS JHIE TWVD2001 1E &K AL EeHRZE S FAE KOS S 4 2 1IE =
WA LEANE 7 B o BHE T FEEIHAEDRIK A 2B/ MOL18v1 iz
520 TWVD2001 1ES/KAMHE —2 > ZEP9E R AR ZDUE RMSE 537
B 0.06+£0.13 cm BLK 0.14 m > 5E71s MOL18v1 Eif7 52t > TWVD2001 IF 5 Sz
e EDSEE (-6 cm) » BEEGKEE RMSE fy 14 cm > [EEEERER 13
cm > BERFARTABFEME 2 K5 (~0.083 m) [EES » 2020a] » HJ5 PRFRH Ry
BUHIMEL AL ABSN - B o2 RIEURFE: - ARAGEIR - Mg SR SO
WAL > HUEEOREK AL S BT MOL18v] M= B K -

15—
GNSS buoy
Vdatum model
1 i Difference

o
[9)]
T

Water level (m)

_1 .5 T B T B B R ]
2019.5 2020 2020.5 2021 2021.5 2022 2022.5

Time (year)

Bl 7: #F GNSS #4& (F4)fc MOL18v] # i #-: & F -k = % i* (Vdatum model;
4§ 4 S)tprt o ¥ 8 A B (Difference; (=) o

(2) BRKFERRINRERAE R A8 B A LS

AT FER P AR FEBEAE KRS B0 TR 2 (1 105~109 SRR AR 2= Hofth
FAEH > MBI SRR LR > DASHAS SRR AR RO TE S - HA A5
A Z KR AR AL AR A —EAHIE] » DRE by e R R AT YR (I HET TEERE - 28
BRI BEAL AL BN R ITAT - n] R & B R O E ARG - NILAELEE - 3
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EUE - FRIR  FEE - MAZTERRHEEE R RE AR IR

o LA W T R L ST AT B R = SN T B P e o — AT R 2= iy 7K
B ERINBEES » 2021] -

KA E m Rt S Bk e - BRI SRk = /KR Rl SR AR bl > 2=
B HEM BB Ry 0.552 m > £y/IME /5-0.338 m > S5 5 0.177 m > FEAE(RZE Ky
0.226 m » [ ZEEEERZE 2 PHEE 0.123 m (3R 5); KIZKRER ISLW EEigii
ek W EEMEIA SIREER = /KR AR s > 2B S EAY A K E R 0.385 m > B
/IME F5-0.178 m > (K 0.158m > AR £y 0.135 m » [ 2R fR 2 2 F9E
£ 0.100m (5% 5); B/KFRERHEEK m A 2 IS > WEMPHIA E IE SRR
o EESEIEEAE R 0.210 m > £/IME 5%-0.579 m > SEI({E f5-0.225 m > fHEAE
fze Fy 0.180 m > fff 2 (E AR 22 2 SFH{E Ky 0.123 m (3R 6); F7KZEER} ISLW
eI 2 TE S GBI S IE S R R AR - 2 E S E AR R E Ry 0.500 m > B
/IME £5-0.296 m > SEF{E F5-0.105 m > BEE(RZE £ 0.159 m > (i 2 (EEE R Z 2 P
B/ 0.040 m (5% 6) ; RPKFEERMEEk AL iR 4 ISLW > N7 EAfEHI A E] ISLW i,
SRARELEE - ZEESFPE B RE Ky 0.229 m > £/IME £5-0.378 m > SEH5{H 5-0.161 m »
FEAERAE Ry 0.130 m > [ A {EARE R 2= 2 SF{E £ 0.100 m (58 7); BKFRERIES
ﬁﬁﬁfﬂ‘%ﬁ% ISLW » GERfRIAN ] ISLW BERARELES - Z2E I E S A F 0.411

» B/ IMER-0.510 m > SEIFE K 0.109 m > (R K 0.169 m » [ {EAER A

%ﬁﬁ)}% 0.050 m (32 7)

BRI S S AEEE P ENE EAEE R E 2 I EHIE S 7 £-0.225~0.177
m FI 0.130~0.226 m » FRAKFRERIFLTRE R B L4882 FEEHEIATA 10~20
cm FEE > [iE0 B KA S (E P E RS 20 em > R RE A B R R AR B
BB T R LB TR 53 HT -
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B+ Mg A= e

Ft=% 51

50 MUFERARBEZER F BRI F & ISLW 7J<i7vp*ﬂ‘~'i$?¥#f%i kg AE > ¥
—Ei’% Bl PR E L ETIaEE B4R R L[N 5t 0 2021; 2023a]
Bk
I i 5, No IE =R RS ISLW #Eita 55K =
Mean STD Number Mean STD Number
105  PHEEES 93192040 X X X X X X
105  PHEEES 93192069 X X X X X X
105  PHEEES 94193021 X X X X X X
105  PHEEES 94194082 X X X X X X
105 %M 90211055 X X X 0.301 0.055 38321
105 oA 90214047 X X X 0.159 0.077 65712
105 P9 90214080 X X X 0.385 0.116 9349
105 &M 91214031 X X X 0.285 0.069 278082
106 BEfH 94251059 -0.036 0.120 171814 0.298 0.089 169741
106 EH 94251066 -0.216 0.076 275914 0.292 0.069 275519
106 EH 94251081 X X X 0.249 0.070 274733
106 FEH 94253031 X X X 0.175 0.081 60472
107 PaEs 95214011 0.085 0.189 281858 -0.093 0.185 281828
107 PaEs 95223045 0.552 0.080 275191 0.256 0.081 275297
107 raEy 94211037 0.256 0.048 272007 0.088 0.048 271736
107 PaEs 94211075 0.176 0.039 269244 0.025 0.039 269321
107 PaEs 94212023 0.401 0.058 267050 0.283 0.061 267443
107 7EE 94212052 0.278 0.056 217703 0.238 0.046 207090
107 7aEy 94213058 X X X 0.214 0.085 33804
108 PaEs 94213045 0.341 0.063 277942 0.168 0.055 272625
108 Ehln 97222020 0.344 0.217 206751 0.266 0.217 206740
108 Sl 97222036 0.165 0.074 273262 0.165 0.079 273311
108 5l 97222048 0.171 0.062 271267 0.126 0.058 271133
108 L 97222059 0.300 0.088 268564 0.171 0.089 268679
108 L 97222069 0.243 0.108 266803 0.095 0.107 266745
108 5l 97222079 0.356 0.233 274242 0.196 0.229 274238
108 FIL 97222085 0.213 0.065 127407 0.053 0.065 127403
108 HIL 97222087 0.373 0.200 279014 0.237 0.199 279021
108 Sl 97222089 0.377 0.156 63364 0.202 0.158 63360
108 Sl 97222095 0.277 0.066 276837 0.094 0.065 276806
108 L 97222097 0.340 0.158 268195 0.166 0.159 268200
109 M| 93191001 -0.317 0.196 285242 -0.174 0.091 276670
109 PHEEES 93191040 0.104 0.158 286550 0.227 0.136 278438
109 PHEEES 93191084 -0.026 0.224 285990 -0.044 0.092 273523
109 M| 93202091 -0.338 0.199 286668 -0.178 0.140 279704
109 PEEEEE 94194051 0.000 0.140 287403 0.122 0.092 282761
SEHEME 0.177 0.123 252651 0.158 0.100 219306
o R | 0.226 0.064 55407 0.135 0.051 92057
e wAME 0.552 0.233 287403 0.385 0.229 282761
=/ME -0.338 0.039 63364 -0.178 0.039 9349
X&mAWE =R REFTH-
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BE0E ~ FRIR  FET - MHZTEREHE S8R AL KR A A

206 FER AR FER FBAPEIRF 2 ISLW O KFETRER I T F A% ©
BAGRI D P RFEXEFE L ET0E 2 BARE R AP 538> 2021; 2023a]

EE
R & No sk =R R S ISLW B8 5 1F 15
Mean STD Number Mean STD Number
105  PHREEF 93192040 X X X -0.205 0.052 152231
105 PHEEES 93192069 X X X -0.145 0.047 277814
105  PHREEF 94193021 X X X -0.229 0.008 10424
105  PHEAES 94194082 X X X -0.218 0.005 9511
105 4£F5 90211055 X X X X N N
105 £F5 90214047 X X X X N N
105 4£F5 90214080 X X X X N N
105 4£F5 91214031 X X X X X X
106 B 94251059 0.025 0.118 171448 0.318 0.077 172058
106 B 94251066 0.210 0.076 275930 0.500 0.022 271978
106 EYH 94251081 X X X X X X
106 FEfH 94253031 X X X X X X
107 PaER 95214011 -0.111 0.185 281837 -0.179 0.010 278981
107 PEES 95223045 -0.579 0.082 274795 -0.296 0.005 278465
107 PEER 94211037 -0.257 0.048 272058 -0.167 0.005 278868
107 750 94211075 -0.177 0.039 269318 -0.152 0.002 280214
107 750 94212023 -0.401 0.058 267031 -0.118 0.008 281024
107 PaER 94212052 -0.279 0.047 207240 -0.041 0.004 212380
107 PaER 94213058 X X X X X X
108 PEES 94213045 -0.362 0.064 277810 -0.193 0.028 275052
108 =hin 97222020 -0.314 0.219 206441 -0.078 0.008 208441
108 =hin 97222036 -0.165 0.075 273158 0.000 0.014 281938
108 =hin 97222048 -0.170 0.061 271413 -0.045 0.016 283870
108 =hin 97222059 -0.300 0.082 268573 -0.129 0.015 283884
108 =hin 97222069 -0.240 0.102 267227 -0.147 0.012 282078
108 Z=hin 97222079 -0.349 0.226 273928 -0.161 0.012 281593
108 Z=hin 97222085 -0.212 0.065 127363 -0.160 0.008 130651
108 =5l 97222087 -0.364 0.190 278703 -0.135 0.011 283697
108 Z=hin 97222089 -0.400 0.239 66492 -0.175 0.007 66608
108 Z=hin 97222095 -0.275 0.065 275772 -0.182 0.005 279113
108 ESln 97222097 -0.338 0.103 259538 -0.174 0.011 270678
109 it 93191001 -0.316 0.198 283592 -0.140 0.185 284392
109 PEEEEE 93191040 0.106 0.157 285327 -0.122 0.137 284000
109 PEEEES 93191084 -0.013 0.225 284837 0.023 0.203 284495
109 Tt 93202091 -0.336 0.200 285299 -0.160 0.141 283741
109 PEEEEE 94194051 0.003 0.141 285844 -0.122 0.090 283337
ErE{E -0.225 0.123 251639 -0.105 0.040 236259
sl fEEfEE | 0.180 0.068 55029 0.159 0.057 83705
o BAME 0.210 0.239 285844 0.500 0.203 284495
=/ME -0.579 0.039 66492 -0.296 0.002 9511

XF7AME =5 HEFTH -
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Bl

GHLZER &R

BT=% B

70 MUER AR GRR ARSI G 2 B FTAEE T ISLW AR &
BARRIA PRES R PR L BT 2 BARE L[ 5% 2021; 2023a]

ISLW
FE & No HEEK =i 2 ISLW IE s A E ISLW
Mean STD Number Mean STD Number
105  PHEEES 93192040 X X X 0.184 0.049 152806
105  PHEEES 93192069 X X X 0.127 0.047 278503
105  PHEEES 94193021 X X X 0.411 0.313 16709
105  PEHEFES 94194082 X X X 0.218 0.005 9226
105 4F9 90211055 | -0.299 0.055 38264 X X X
105 4F9 90214047 | -0.158 0.076 65584 X X X
105 4F9 90214080 | -0.378 0.114 9324 X X X
105 4F9 91214031 | -0.285 0.068 277918 X X X
106 ExH 94251059 | -0.296 0.089 169685 -0.334 0.077 172251
106 ExH 94251066 | -0.291 0.069 275453 -0.510 0.022 272113
106 ErH 94251081 | -0.248 0.071 274601 X X X
106 FExH 94253031 | -0.174 0.080 60438 X X X
107 FEE 95214011 | 0.068 0.182 281815 0.179 0.010 278965
107 PEES 95223045 | -0.283 0.084 274892 0.296 0.005 278466
107 FEE; 94211037 | -0.089 0.048 271836 0.167 0.005 278865
107 PEES 94211075 | -0.025 0.039 269431 0.152 0.002 280212
107 FEE 94212023 | -0.283 0.061 267410 0.118 0.008 281024
107 FEE; 94212052 | -0.238 0.046 207129 0.040 0.016 217601
107 FE; 94213058 | -0.214 0.085 33797 X X X
108 PEE 94213045 | -0.171 0.056 272465 0.172 0.028 274954
108 sdE 97222020 | -0.236 0.220 206442 0.078 0.008 208442
108 Bk 97222036 | -0.165 0.079 273186 0.000 0.014 281938
108 ik 97222048 | -0.126 0.058 271271 0.045 0.016 283870
108 ik 97222059 | -0.171 0.085 268726 0.129 0.015 283884
108 Bk 97222069 | -0.093 0.101 267185 0.147 0.012 282078
108 s4L 97222079 | -0.189 0.222 273955 0.161 0.012 281593
108 ®ik 97222085 | -0.052 0.065 127350 0.160 0.008 130648
108 ik 97222087 | -0.229 0.190 278711 0.135 0.011 283697
108 sdL 97222089 | -0.225 0.240 66493 0.175 0.007 66608
108 ik 97222095 | -0.093 0.064 275733 0.182 0.005 279114
108 ik 97222097 | -0.163 0.102 259541 0.174 0.011 270678
109 Bk 93191001 | -0.174 0.090 276179 0.142 0.183 285857
109  FHEEES 93191040 | 0.229 0.135 278498 0.125 0.138 285303
109  FHEEES 93191084 | -0.043 0.093 273619 -0.010 0.202 285656
109 Wk 93202091 | -0.177 0.140 279719 0.162 0.138 285095
109  FHEEES 94194051 0.124 0.092 282567 0.125 0.089 284892
SEFE -0.161 0.100 219038 0.109 0.050 236933
sl fEEfEE | 0.130 0.054 91719 0.169 0.075 83212
o mAE 0.229 0.240 282567 0.411 0.313 285857
B/ME -0.378 0.039 9324 -0.510 0.002 9226

XF7AME =5 HEFTH -
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EUE - FRIR  FEE - MAZTERRHEEE R RE AR IR

T~ BHAER

VR R AR R R P 200 vl R L [ AR AR (B 2 L AR I (SRR R )
BT O > BESE AR AR B B E AR — e 2 A MRt 25008
FS Pl EL o] FE FH ME 2 BRI SEE - ANWHST & S0 B M A RIS S B AR RIS S 4 i N
25 MF FH EER R AT 8% ~ MIDRIZKOZRERRT GNSS TS 2 T @ B R R4
FAERORE R AETE o GhasmAl R T
(1). BB (R 53 R AR P L8 R RS AR AR 2 IR B ISLW (i LD

W SR A ENIE T AR 0.08£0.16 m £2-0.01+0.10 m - [EEESHEE RMSE
43R 0.20m A1022m B 0.12m f10.14m -

(2).BEVH GNSS JFAERIZEEEAE ROFIE 40 4 2 IE s Rl e T E A E i E R
fEE (R Ay 0.02+0.13 m » i %iksEE RMSE 5 0.14 m -

(3). FIl FH ESHFEI AL B CE PN FIFER GNSS JHZGESINE R MOL18vV] HHi =
FE > BRI T S B 0.10 m A1 0.11 m » SEANEIA RS B 0.13 m > BT
AR B R E BT AZE AR (~0.083 m) [ECES > 2020a] -

(4). KFEE R 2 ks - ISLW BLIF SR E A o W7 BEEMDHI A SRR AR LR - %
RIS - SAEEEEIENE AR R P EEIE#RE 7 7 £5-0.225~0.177
m 10.130~0.226 m> FIR/KFERPRLZE HAE KRS 40 2 AAAE ALY A 10~20
cm ZH o

(5). FHA KBRS NEFERIZK A BURISE > J s o] e (i b/ D S0 22 R S B >
ZEEEEER M h . GNSS JHAE > S KA EURIMES - DIARESE BT d R AL e
FOFIE 24 2 AE

26

AWFORSENBEZE st stat B2 T EE AR E e el TIEE ) Z
SCFF 0 SEILEGH -

ES BN

PIBCER B L4 o0y > 2019 » 107 RS — S /CRERE /KA B BRI -

PIBCES > 2018 - 3 E AR RS U B TAE RSBV R R & -

PIECED - 2020a » H BT P57 K I LR IR TUS HE TIFZE -

PIECES » 20200 © Pl B AR AR AU TSR -

PIBCER > 2021 1095 e 7 B AR s OGRS S T /B 2 SB VU R R R ¥z
e,

PIBCES > 2023a - = B AR AR S i e (S TR TIESRsREE -
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B -G BZERTER B =% B

NEES » 2023b - B ARG EE LTt TR LIRS IR SRS -

SERTT ~ BEE L 2022 - R ALY 2 BB B - ) AR E &> 10(1)
%21-36H -

R~ B~ BESOh - BRI - FIEE 0 2022 o A E R B AR EIR R
- g A ZE A 10(1) » 5537-64F -

PRI ~ =05 » 2018 o AT R RECRI (i B R URIGNS ST RG2S - B FER A FFIHE
F7> 28(1) - F4-12H -

SRR ~ SIRTT 0 2022 o A RKOU AT R EE SRR PR » B L AR A
#f > 10(1) > 551-19K -

Blumberg, A. F., and G. L. Mellor, 1987, A description of a three-dimensional coastal
ocean circulation model, in Three-Dimensional Coastal Ocean Models, Vol. 4, edited
by N. Heaps, pp. 208, American Geophysical Union, Washington, D.C..

Foreman, M.G.G., J.Y. Cherniawsky, and V.A. Ballantyne, 2009, Versatile Harmonic
Tidal Analysis: Improvements and Applications, J. Atmos. Oceanic Technol., 26(4),
806-817, d0i:10.1175/2008J TECHO615.1.

lliffe, J.C., M.K. Ziebart, and J.F. Turner, 2007, A new methodology for incorporating tide
gauge data in sea surface topography models, Mar. Geod., 30(4), 271-296.

Parker, B., 2007, Tidal Analysis and Prediction, NOAA Special Publication NOS COOPS
3. U.S. Department of Commerce, Silver Spring, 1-378.
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B - Hlsg Eazz R RE(——UFE—H
B+=%6 F— FIOHEFEIH
Taiwan Journal of Geoinformatics

Vol.13, No.1, pp.19 ~46

1 ARl BRI P EFTHEEE THE R

Fer" dwg pEz’

W~ fcit p dp t113.05.02
W~ gep ot 113.08.12
W &< p o 113.04.29

£ 2

EERHIES SRR (BFIF 1957 2 1991 SRS ERETERGZ
SEEE K7 (mean sea level) @ fE & 4idnd4 B 2001 28 S F2 A8 (TaiWan Vertical
Datum 2001 » TWVD 2001 ) » 3 DA/KAE [ BE K999 {F Fy#E B BE ~ K998 FyEIEE - ZR[f
FRE] 99 FE(FETT 2010 4F)FIELE K998 Jgi 2k » H FEIIRIR 40 A & s B R [E 2 F5oK
BT 103 F-(FG7T 2014 ) NBCED IR /KR R RS 20 B 2 /KB RE K997 - [H]
R ) 1 B 20 7o B R L I (N b A 2 BREE T 18 22 548 ( Global Navigation Satellite
System, GNSS ) ZHEEEINIG - 32 A10E 2 7K AL ol {E B Hig /KAEEEL - DUFITR
EEE—IEEEIE RS - ARG E R B A b Bk B 1% 0 (2 1991 48
%37 30 AR K AL &R - ST EA FERFRAFEEKAL - 70frEl TWVD2001 7K
MRS BL INERRERFI B 2 6 - PR - BREREEE I
sFESPEIRKAL « LRSI » AHFEIRA A /K B Rl R SR AT GNSS HEEUAIEE TR
RIS 2 R E B E - o H AR E 2 SRR - RE R AR
ik ~ FARITE ~ ANSHEE RSS2 ERS)FTRE 2 2004-2022 FE (5]
Rk 2013.5) A PE /KA F I E S Y TWVD2001 ZKAEZERLL) 67.3 mm » H3HS
Bl KA B TWVD2001 /KAEZERIC A B 2 28 L Mt HE 2 2015-2022 4
(FRFFE] PR 2019.15) &8 A H0 KA i TWVD2001 ZKAEZEL s 121.0 mm > FIF]
FAELFE A nEE R AR IR R R B 2019.15 2 4H57E7K7(82.0 mm)A 39.0 mm Z 5 >
2 E ] g R B (i 0k & vk 25 I 8 (2015-2022) H &t B A2 (R E
BT REZ L ERE) - WAL KA A [E - B A5 AR R
(ANES PR nh & R A EHUK B B4 5 mm 3R FNIIE)EAE - &Kk
2015~2023 =55 GNSS fig ZHU RS2 8 LAy 0.3£0.1 mm/yr » BEAFEF/KAEE Ry
MIECERAERT - SRR I 0h E E I R AR AR - R R AR R R A P A
RN -

BREET" - GNSS ~ /KAE[RE - TE5 ~ SR ~ ik

Vet W Faapli g4 A1k o

PR DA FI AEITTR L -

S SRR JIER Y S S
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Estimation of mean sea levels derived from Keelung

and Zhangtanli tide gauge data

Wen-Hau Lan'® Huan-Chin Kao?>  Chung-Yen Kuo*

Abstract

The vertical datum adopted by Taiwan is orthometric height, which is based on the
mean sea level derived from Keelung tide gauge records covering from 1957 to 1991. This
datum is named the TaiWan Vertical Datum 2001(TWVD 2001) and the original
benchmark is K999, with the associate datum benchmark designed as K998. However,
K998 was lost in 2010, and the surrounding environment no longer meets the requirements
for geological stability. In 2014, the Ministry of the Interior consented to move the original
benchmark to the newly established K997. Concurrently, a tide gauge station and a
continuously operating Global Navigation Satellite System (GNSS) station were instituted
at Zhangtanli, proximate to K997. The mean sea level derived from this tide gauge can
serve as a future reference (zero level) for establishing a subsequent orthometric height
system. The study evaluates the data quality of Keelung and Zhangtanli tide gauge records.
The Keelung tide gauge records covering the past 30 years after 1991 were used to
calculate the mean sea level at different time spans, and then we analyze the differences
compared to the TWVD2001 original benchmark. Additionally, this study also considers
the effects of nodal tide, inverse barometer, and datum offset on the Zhangtanli tide gauge
data, and calculate the mean sea level. Furthermore, the study also uses levelling results
and GNSS continuous observation data to calculate the vertical motion of the Zhangtanli
tide gauge and analyzes whether the surrounding geological environment is stable. The
results indicate that the mean sea surfaces in Keelung, as calculated by four different
algorithms (arithmetic mean, harmonic analysis, six-parameter linear regression, multiple-
variable linear regression) using tide gauge records from 2004 to 2022 (midpoint in time
being 2013.5), are approximately 67.3 mm above the TWVD2001 zero level. The
computed mean sea surface at Zhangtanli tide gauge from 2015 to 2022 (midpoint in time
being 2019.15) is 121.0 mm higher than the zero level of TWVD2001. Compared to the
estimated mean sea level of 82.0 mm at the Keelung tide station for the same midpoint in
time, a discrepancy of approximately 39.0 mm is observed. The discrepancy may be due
to several factors such as the shorter time span (2015-2022) and lower quality of the
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Technology
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* Corresponding Author, TEL: (07)3814526#15257, E-mail: whlan74@nkust.edu.tw
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Zhangtanli tide gauge records (the preliminary data were not subjected to quality control
by the Central Weather Administration), variations in sea surface topographies between
the two tide gauge stations, and unclarified reference datum for the Keelung tide gauge
station (for example, the Keelung tide gauge records do not reflect the annual ground
subsidence of —5 mm measured by levelling). Lastly, the GNSS solutions at Zhangtanli
from 2015 to 2023 show a vertical land motion rate of 0.3+0.1 mm/yr, which is identical
to the levelling results, suggesting a consistent and stable surface elevation surrounding
the Zhangtanli tide gauge station. Therefore, it is recommended that the mean sea surfaces
at Keelung and Zhangtanli tide gauges be continuously monitored in the future.

Keywords : GNSS, mean sea level, original benchmark, orthometric height, tide gauge
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KR Y SRR RS 24 H/KEZEMARESAE 1990 £ 1 A 1 HiFs
FAIREIE T > HHARFERALE 1957 422 1991 £ 27 i ERla T BoK S 2 SEaiEoK
fiz(mean sea level) » W44 2001 & = F2 5% (TaiWan Vertical Datum 2001 » £
8 TWVD 2001 ) - TWVD2001 & PL/KAEF Bh(datum benchmark) K999 (& 1)E A&#EE
BE o PEE /K AR RG] 14 A AR E R S AR (R i = J8) Z BB R R SR KT
2016] - Fsfic e B R R ME RS TAZEE » KB 103 (P TT 2014) R NEGEREE
THRFEE KR FRER 2 BN AR MR B IR A Rk - BE5E K997 (18 1) Fy
T8 - B TR - BESE K996 HEIR: - IR - (KA F R 5 K
AEJFURG T RE K999 FaMr[Ft IR » [F/KREFERREIRE K998 AT [SEKJT 2016;
[B8] g L » 2022] - SN ] AT 7K AR [ R K997 Ff 4T 7 B — ol (i i (= R L]
firik) - b K AERE B TGO9T ([l 1) - sz iE BT R 2 KA rIfE Ry H 1%
KAEERL - DAGREEE LS SiE AR5 -

B4 F/KAERIEE DU/ E Ry /KRR - N AR EEKHE S FEENE
T H AR EIRIBUE » 1998] » ITRE—(ERIIRE 2 250 - HA st s
RRRBIE 2 g - HIIIBEAC s & e IR ERE (>18.6 ) » HREFHEILE R E
REHR S IR B KR YR F - SRIG—REH KA » DMERIES S
TR 5% 2 /KAEEEE - BIBUE[19981E% & & A IHUE/KE FHALURORE ~ BES) ~ [#
KEFLZHRNZZE T » FIHEERESETE 1990 £ 1 5 1 HZ KM - ik
DI aet B A E bR EK A - WEERR REIL-HF(FET 2001) 216
TWVD2001 552 247 TR AR BREEE) ~ it 7K DLEOE/K i B -S43
% RSEEMAILEZ SEEKA 8 TWVD2001 /KAEZRER & VA 2= R EEL
JIEEi AR AR B SR ST 1991 F123T 30 FEEL P mi i ki i Bk
73T TWVD2001 245 A R L -

/KA R RE(KOINAL A BT F R ey A&kt - - FERREES
AR ~ TREFBHARE ~ MERBE SR A TE R IR S R & 2 /KAE R < 2801
H A /KAE 8L K997 RSS2 i K999 BiHlErs(El 1) » FHFEN AR E L
DEACERIF T » K1 2 SRR AL S 5 2 SHEARENSR R o 2 - Bl R R
AL E R E R ELA 8 4 M &R HIER » WIETE ] (nodal tide)#(l
RABESTEE > B FREAERASR R > DA B A mh K L 2 51 -

K78 E e B EA R A E R E - AEEEA 1991 4837 30 425
b K AL &R > DATE T A& EE ~ S E - NS K284
MEEEE[BIROFE - 19987 Bl EA FE I KA » 7of TWVD2001 7K4E
TR GCAEZRNEEIL  INEETREREE /KL - 1AL 205 (satellite
altimetry) ORI T EAFE FEVE KB B LA LR - 5546 ITFE KRN ZE R B
FATEMR B VAR R R BR AR R A2 PR R BB Rl K FEINZ P - 28 R H S FIE
i EZEE[Ching et al., 2011] » PRIFEAA GNSS BUAIE sk < S 28 E) - I BlfE
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1946-24 > Hrf4 1212 ~ 1511 ~ 151 ~ 1514 ~ 1516 S F (#VESE - B 2 B ikE
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[ 3 o o FHE A - AHE B R AR 2 U EE - RE R OK AL &R
Ry5eEE > {i 2021/08 BtGA A IHBECE RS AEE SRR - ek =UE 21
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JKATEHIERIE 2021/08 FiS AR BktbR - XULEEABRERR BEE - B
2020 4ELIRTIEE W G e B E R HAR L 2 bR B D UERRE AT > 2021 SELIR =
(i RSB E R K AL B LI — 2 - A RFER TRy Bl & R R B I nh F R =
HIEE BB RS HI(E 4 FrorR) - BB BT LA - EEEER AT
R (ERK AR E R 2 E) RE B - HENER T R ER
2015-2019 4411 2020 F=LARIRFE] 280~ — AT B

MR E R EUATE R > 2015-2021 A= Z BRI VE R E i - (R =S
ERHRY 2021 SRR —HEEE (R (8] 4) - AL AT 2015/04-2021/08 2 EET]
AERP 2021/08-2022/12 2 & A E R GIEREEMIIER - ETRE V19
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(7T 2021.0~2021.7 F)BNERHE T HET R B‘Z%ﬁﬂﬁ &l 5 AR o FHE TR [T
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2 LA R 20 ek T[N FNE D R ¢ o 2023a]
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st 2 Gt e HNE I e B E/KH S @ TR e HERE R
BUNEIEDRZ T F23K - AR iS22 3P RIRE - 5EE
R AR ERSR - fEERRE R S 55 - BT R s &R D - BUAKE
FEE (R [Mliffe et al., 2013] « ABHSE 57 7 B AR 2B FEIRFAE - Bp R Bd R
(Archiving, Validation and Interpretation of Satellite Oceanographic, AVISO)E& 1,0y
(https://www.aviso.altimetry.fr/) F1 B M & 2% 48 & ESA Sea Level Climate Change
Initiative 1325 17 (https://catalogue.ceda.ac.uk) & X-TRACK i EhEL(along-track) &
7K #H (sea level anomaly) &} ~ Gridded sea level heights A Kz Altimeter along-track
high resolution sea level anomalies in some coastal regions 25z i » = (I 2 A
3 RIS 29 4(1993/03-2022/04) ~ 29 4E(1993/01-2022/07)F1 17 4E(2002-2018)- AVISO
o ks 1 Hz JERAPREERT 0.25 x0.25 2BR4MIB/KESL - Embaa TP~ TP
interleaved ~ J1 ~ J1 interleaved ~ J2 ~ J2 interleaved ~ J3 ~ GFO ~ ENV ~ ERS1 ~ ERS2 -
SRL - HaiYang-2A (HY-2A) Jz Sentinel-3A 55 2351 » 2] 5 1oty B2 30 B 2 e i ok 5 o
W% 2 > HSLBREEE R > BEATREE B 6-7 km > AVISO X-TRACK & 1 (£ 755
HAFEZRIER  RTHEZRFIGENNZE 3 - BE KA AVISO #8i8 10 FEFHE
Z X-TRACK ST TELES; ESA btk 20 Hz e Kt » B J1
(2002/01-2008/07) ~ J2 (2008/07-2016/02) ~ J3 (2016/02-2018/05)553 s |2 251 » £
HPELE EEREE 300 m -

ESA FE i eéht = RS - BEEA S TRV PEERT (Adaptive Leading
Edge Subwaveform retracker, ALES) Kz /58 PR BhE 1% i 3 e B0 A(X-TRACK) i FIFH %%
TR IE 7 /AR IR R it R BER R A e E MR AR - Pl S EUHIEE 2 '8 > &
LT T 2B IS (L AT - st - P9F - JEEDRESE -
P REALEAAaE ) » S5 SR IE (R 6 RATHER @) At 5 Fa ey i Kim

26



B30 -

SELEER o AbTZEE HE =fAE &R EAE T UE -
BUE ~ JREDREIUE ~ EZ8E IR ) ~ HEERYEESOE (ERERISUE ~ AARIiUE ~ /&
FEESOE ~ BUUE ~ TSR RAESUE ~ PR BRSIEIUE ) « AR &R 77kl
H AVISO 71 ESA 48uh Nk & B AT 2N s R E
LB > SIS RTB IR T 2 BRI A —8

A_EFER -

Sl

R~ FREE ¢ AR AR B RS B P K

N o

F 2L BB FEEHEZFER A7 R

ERS1 + ERS2 + ENV + SRL

(cycle 89 of ERS1)

Mission Start End
1993/02/28 2021/07/13
TP+ J1723 (cycle 17 of TP) (cycle 199 of J3)
1992/10/23 2016/04/16

(cycle 32 of SRL)

GFO 2000/01/08 (cycle 37) 2008/09/08 (cycle 222)
. . 2002/09/20 2017/05/13
TP interleaved+J1 interleaved (cycle 369 of TP) (cycle 327 of J2)
HY-2A 2014/04/12 (cycle 67) 2016/03/15 (cycle 119)
Sentinel-3A 2016/06/02 (cycle 5) 2022/03/08 (cycle 82)

% 3:AVISO # i X-TRACK Pl % F# ¢ & 38 @i F 3

Mission

Start

End

T/P + Jason-1 + Jason-2 + Jason-3

1993/02/28 (cycle 17 of T/P)

2022/04/07 (cycle 226 of Jason-3)

ERS-1 + ERS-2 + ENVISAT + SARAL

1992/10/23 (cycle 89 of ERS-1)

2016/04/16 (cycle 32 of SARAL)

GFO

2000/01/08 (cycle 37)

2008/09/08 (cycle 222)

T/P interleaved+Jason-1 interleaved

2002/09/20 (cycle 369 of T/P)

2017/05/13 (cycle 327 of Jason-2)

HY-2A

2014/04/12 (cycle 67)

2016/03/15 (cycle 119)

S3A

2016/03/12 (cycle 2)

2023/01/26 (cycle 94)

27

EMIE (S

FH(E 6) - BLEL PN FR B
AP R KEE L




B MG BZERTER B =% B

50°N

30°N
10°N
10°S

30°S

50°S

130°W 80°W 30°W 20°E 70°E 120°E

Bl 6: ESA jiis /5 ko A 5| E % % # [l Rl[Cazenave et al., 2022] -

2.3 K& - RERVERERE I ER

R B SRR E AL 1990 4 1 H 1 P ASREREEIEIL | (5T
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IB=-9.948 x (P, - P) (1)

Hr o Pam B KEEARRE (BABED) - P BIEHEE(E2 238K
TR SIS —2F KA (W —RAEAE R 1013.25 mbar) » RERT 9.948 £
HéE e 2 &ER{E [Dalrymple etal., 2012] - [ 228G 7 VR R EE AR -

Foat = 3\ & R ®m oE FoE R 2R F @ b (https/e-
service.cwh.gov.tw/HistoryDataQuery/) T~ & A R Sk (1h55F 466940)BUHIE K] » R5
Uhy ST BE 7 (sea level pressure) ~ G5 R 7K & (total precipitation) & &kl 41 & 7~9 Fit
TR e HEITA > BPERSEUIDERARBRERIE 1998 F£ 27 B AR ENER
BI(E 7) » AERE RSB ROR MK & BRI R B f R (E 8~9) -
It 2B HE ESA FrE Sl &R AR R H AV T T E(ERAS)Z fn[Hersbach et al.,
2018 THEYSFR A RBEE R} » AH A ELE o B2 IEAUFRAE 0.25° x0.25° £ERYGIEE ] -
RS Ry 1940- 2% - BFHERRRE A /NS - SR NEEROKE RS -~ B - #8
HREELSEER - HELIRASE A - ERAS fEADESR A RS PR R 58
HITEERHEE —2 > FERE(ET T fRER 2 (Root Mean Square Error, RMSE)FIf&E4E
f7=(STandard Deviation, STD)47 A/ & 0.58 F1 0.48 mbar > E332{KY 1 mbar » FrRe%
DER [ RS R B A i 2 - 1248 | ERAS BADER MR BEE R
DR Bl s GBI R I SRR AN K E B RHETT 8K ALE T & -
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BUNIEER, > DLRAS /K [ BE R AT s B AR E 14 - BRI IZEK Canadian Spatial
Reference System-Precise Point Positioning (CSRS-PPP) #:{T GNSS }# %% BB 2 1L fiF
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Frat B ZE 28E ~ FEEARZERIE  REE 2R = AL B REHEALRE -
(S P Al DU i dE s T M DL B SR s P R U A A RE S AR =0 BRI 51
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87/10 5.61560 1.76645 #N/A #N/A #N/A
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88/06 5.61560 1.76251 #N/A #N/A #N/A
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93/11 5.61560 1.71023 #N/A #N/A #N/A
94/09 5.61560 1.70297 #N/A #N/A #N/A
94/12 5.61560 1.70238 #N/A #N/A #N/A
95/06 5.61560 1.70040 #N/A #N/A #N/A
95/10 5.61560 1.70391 #N/A #N/A #N/A
96/07 5.61560 1.70076 #N/A #N/A #N/A
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96/11 5.61560 1.69672 #N/A #N/A #N/A
97/05 5.61560 1.69813 #N/A #N/A #N/A
97/09 5.61560 1.69951 #N/A #N/A #N/A
98/07 5.61560 1.69233 #N/A #N/A #N/A
99/06 5.61560 #N/A #N/A #N/A #N/A
99/12 5.61560 1.68645 4.80724 #N/A #N/A
100/06 5.61560 1.68600 #N/A #N/A #N/A
101/06 5.61560 1.68229 4.80168 #N/A #N/A
102/07 5.61560 1.67766 4.81197 #N/A #N/A
103/04 5.61560 1.67529 4.79965 1.56367 #N/A
103/07 5.61560 #N/A 4.80682 #N/A #N/A
103/09 5.61560 1.67555 4.80635 1.56409 #N/A
104/02 5.61560 1.67248 4.80645 1.56163 4.66539
104/07 5.61560 1.67305 4.80589 1.56268 4.66455
105/04 5.61560 1.66964 4.80690 1.56080 4.66565
105/10 5.61560 1.66837 4.80704 1.55717 4.66530
106/04 5.61560 1.66400 4.80615 1.55392 4.66451
106/10 5.61560 1.66452 4.80621 1.55405 4.66427
107/04 5.61560 1.66202 4.80591 1.55362 4.66396
107/10 5.61560 1.66353 4.79456 1.55322 4.65213
108/4 5.61560 1.65977 4.80517 1.55057 4.66313
108/10 5.61560 1.66057 4.80862 1.55052 4.66618
109/4 5.61560 1.65878 4.80508 1.54915 4.66280
109/10 5.61560 1.65811 4.80964 1.54796 4.66716
110/10 5.61560 1.64672 4.80610 1.53735 4.66337
111/5 5.61560 1.64724 4.80636 1.53782 4.66379
111/10 5.61560 1.64419 4.80894 1.53460 4.66606

ENIAZ 7 TR A TH A4 B30 T

2.5 ML ER

Zﬁﬁﬁ%igiﬁiﬁﬁﬂﬁ 12 FrR - B E e TR E AR R B nh Bk s

o B TH H B S BRI S E (> 70%) ~ BRI 10 T ~ KA ESER R =15
PR (22 ) LU AR T EER B AT > MR U (i b (8 R ~ bt =

SRR EHRN I R (L)) - _EACHIEH R o H SR Eh R u] A H] GNSS B
SRR IR HET TIUE > S0 DARA S %ﬁ&%%ﬁ%&% ERZIS ey RIALR B D NSYIN
firs > Hitn 28t et BT EaRmBER  EEMHZ AT TR P
JRALE R > SR T2 SR B U 2 AUk (] 12) - % %%UFH BT PRt PR
AIFR R REREER (AU BN S-S I R AT TR TR - IEOh > JRALRF R &R H
PRI B 0B S R B > AR A 2B S s T R AL -
DLRR B g &0k GNSS 51 5RE i&i&%ﬁﬁzﬁbﬁ%ﬁ > B SR/ K AR AL
SRAHEEES > DASH(S /KA R AT B AR e T
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B mE

A 4

B RIBRT G

A 4

B RBIIE

A 4

R EESLE
EEIE

A 4

A

PR EMIE

A 4

\ p| HEBR
(HAHE — R 2)

A DHE

A 4 A 4 4 A

NS HHS SR A Hifif F19

[ [ |

[ 7S

Bl 12:57 5 5 A2 1) -

2.6 JLHEg/KAr (mean sea level) 2 51 &

KL E 28 R I — ERIRFRET N > P A S I ORI 5% 2~ (B
Z - FEERENEZIER E - EEEDURAGEIT 2 EEhHEM 18.6 £ AR > KI5 2P
HKAL - {F REfE 2 ZERAN B > 2020] - —f&if = P KAET B UE
AR P51 18.6 F-5 19 FIi &R [Pugh, 19871 > LU G (RAHHS ERak (R AG A
T EEEI)E - bk 7 EEGTRITRSE > TR M N2 8dst e H P b &k
st BN » AT >
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TG, (t) =a+Dbt +csin(2xzt) +d cos(2xt) +esin(4xt) + f cos(4xt) (2)

Hep o TGn RIS B AT © @ B SR TIKAE b B
K5 ¢ Al e SR ESREERI LA SRS TESXHRIE © d A T 3 BB SR AL RSk
S ARIR © URER < LR R A K i o TR AT A T
S AT O R BRI 19 (A iy 06) 75 5 2 S B
TS| ARSI S BGRIE /i AUE(L w) » SR E08 By [ Foreman et al.,
2009] »

TG(t) =a+b(t)+ Zn: f ()C, COS(a)k (t)+V, +u, (t) -9, ) 3)
Hebs TG B K R ok o BB, o 25— S TA K
b RyBl; Cio gie oi By 53 0 Z e ~ AL~ FSRAS; Vie By 25 o0 IR IEFE] 5 [ #(argument)
[T RTT » 2022] - SR ATAGN(3)) F 2503 3 2 BRRE S (OR w) il Hh -t
HEEmHEE - 205R S B -

Z SiiRyp T P A4 8 B A £ & P 2 & 8 $¥c(nodal factor f and nodal angle u)

[Haigh et al., 2011]
Constituents Nodal factor f Nodal angle u (deg)

M 1.000-0.130 cos(N) 0.0
M¢ 1.043+0.414 cos(N) -23.7 sin(N)

Q1, Oy 1.009+0.187 cos(N) 10.8 sin(N)
K 1.006+0.115 cos(N) -8.9 sin(N)

Mz, N2 1.000-0.037 cos(N) -2.1 sin(N)
K 1.024+0.286 cos(N) -17.7 sin(N)

NE A 282 &

41 TWVD2001 (5P K (B R F B PR S B 3 B
SRR T KA - THRFI A AR - A S BEIQIRIE
fi5y B BRI ASEHE R BRI 2SI TGRS, 1991-2022 BRI T49
JHJ%(23 C))RIREK B R BB ERAS S0 B POFIEHH — K42 U BE(1013.25 mbar)
SHESYARFEIT S SBRIERS » AT FIBIECH - 1998]

TG(t) =a+b(t) +cT (1) +c,P(t) +c,R(t) +_§mj[/s, sin(5,(t)) + B, cos (1)) | 4)

Hro er~e2 o3 ReRFIS 0 AI{EFTHURE - BB - BoKEdirnhEn 2 22
m Fyor WEE - RRIZZIRCE [19981[ERE B S (BRSO 253 » 435l s My
(13.6612 ) ~ M (27.5533 K) ~ Sa(364.9635 K) * Sea (182.7040 K)LLE, M (18.6672
) -

34



B ~ mR ~ FIEE ¢ M AARE AR E I R S RV K L

3.1 B e R R

13 Ry E RS S TR AR A K AL B EAN TPHIL/2/3 S5 HEiRE AVISO
A= ERH100 km HlE B R RS » HEATA - FPEREF R YA —2 o E5
AR IR RIS /KA SRR I A R+3.2 £ 0.3 mm/yr f1-4.1
+0.2mm/yr (40l 13) > ZRAZEAEHE 7 mmlyr > SEZCHE AT EE RO B FHE
{EAR AR /K A B LR AR AR (D Bz T [Lan et al., 2017] » HAEFTATUIEZ #IfL
UK AL B B R B S HAE GBI TS A G2 NI AL nh BRSO e
R > DU 2 AR S /SR RTE H P Z IR F IR > R AT
14 iR o S TEIUERT ~ AT GBI /KA B LR 2 E R - B (RIS R E
E SIS A P S RS R K B LR RS 8 WA 8
BIAI&Y 1.7 mm/yr Ml S mm/yr 5 [ 2SRBRSUERS BN > (£ 5 0.1 mm/yr > /NjYE
IKAL AL R R 22(0.2 mm/yr) - {H 2SR BR S E BRI 2 B L i R ARl S L -
EERe IR A L BRI AR RIS U R R IR IEHEAE 2005 2 &RAHE —
By EEFEEBFUAERITY 1998 ~ 1999 LUK 2001~2003 FHFRAHTITA =R A&
et - e A AR P JE = (81 P B B 0 e 7 B T BB (R AL DAL e
RIS G KL B B AR +2.8 £ 0.2 mm/yr [E{&ZE+1.1 + 0.2 mmiyr - Bilfg
S 2 MK B LR AR - A UERRE RS < AR BRI R g o — 2 -

J5t46 2005-2021 FpE i b Bk 2 BER Fy+0.6 + 0.6 mmiyr > i/ NFOERN R TR
HAPHE MEE (S mmlyr) - BURE L ERRE 2 2R N0 - NI B ATAR R
(rERRIRSOER R BB o iy Balia] R - Ak fa i &R 04 Sk HY
F 5 mm 2R TNIE - FRAEEHUIEEASEEEREERE - 5550 0 L
R AR BRI ERT ~ 18 2 BRbE I nEA 1 BN & ERH (TP 1/2/3 Tl ikl AVISO
ERH100 km =& REPE)) - 4008 15 Bk  FE AL SOERTEIALL A IR
BEAPNAEER - SRS ERUE R E RIS IS B E — 20 AR (RET
= 0.81 » (AL A P i vh B R R TR M T SR BRI » R DL B3 - 4Kt
FUH P (E I 2 SR BRI 2 B P i B R AR s T B PR AL -
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Monthly tide gauge data
250 ¢ Satellite altimetry ]
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-100 [
2001 Original data = 2.8 + 0.2 mm/yr
== \Nith datum correction = 1.1 £ 0.2 mm/yr
300 | ~—With datum and IBe correction = 1.0 + 0.2 mm/yr | |
) With all correction = -4.0 + 0.2 mm/yr
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Time (year)

> xk A L9k J\,az%,u o *Zﬁ;’;:\%\ﬁg;iié,;g!ﬁ;g _Ii_;_‘]%
oAt D 2 sk TR S AR S o f R
BRI RNEGEARBS B BRI R AL B
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Sea level change (mm)

-200 Tide gauge data = 2.8 £ 0.2 mm/yr
Tide gauge data with IB correction = 2.6 + 0.2 mm/yr
Satellite altimetry = 3.2 + 0.3 mm/yr
300 . T T : T T
1995 2000 2005 2010 2015 2020
Time (year)

B 15: 2 P i xbfofeh BB (%4, TPHJ1/2/3 7 fut 8 AVISO F42(100 km B 3 F
BT e RGP R FI0R S R Rk 2
ek T o .

3.2 R NENAIA R LR

ARG F 2 FE R T AT B A e B FHEEH ESA RTARY AVISO FE L
T BN B S SIS SO G R Ga s Bk RE S U R R T S
T eI A 8 A B BB (L e TR Bt DRI D B iR -
EEBVERKUE( L = > AADEEUE KA LML - RIEEASH SR
B IS ST e BIRG (F Ry B - 7 AR RE R B 25 km ~ 50 km A1 100
km PR BUH = B G(E 1 Ry & IRk AL -t SEELEL I i nh DR EL R -
RS AR 2 D B B = A E SR RS A B S AR BB S 2
HfEE UKL -

g RBR I 2 FEBE RN b B R S = B O RA0R 6 A
7 o FHERATAL  ESA ~ TP+IL/2/3 J15#iiih AVISO DR AVISO 48k 55 Z k1AL
RrEE il B BaT > MHREAEUS 0.79~0.86 » 75 {EAEAE (R 22 By 38~48 mm » FHorhE
2 100 ke [ IR S (B R R o e e — 30 » MR B 4238 0,82
FEEREAERZE B 42 mm o ZATf > ESA EORRAEIFHEIE 2002~2018 4F - B
AVISO Bl IR - INILIR ST A LA AVISO S8R E0EHEE TP+11/2/3 Il ks
FORH(100 km i B RIA P I ML 406 16 Ao - PR aTAl - Ml A1
PRI G EORME & — 2K AHBAREUR 0.83~0.86 ~ ZE{EAEAENR 2 Fy 38~42 mm » £
1991~202 1 Hlie 8 i s K ir 8 LR 2.6 £0.2 mim/yr » BS{EERS TP+T1/2/3 3580
BE AVISO ERH100 km MG ERFFE)HI+3.240.3 mm/yr DK AVISO &
+3.6+0.2 mm/yr » FF I BORhIL A AR ER A A A ] (i B TR [T 2R
REFEERAEBAHE - HWSERIK > ILEEFREK I ELER+3~+4
mm/yr > [EAEREY A PR KA B E+3.2 mm/yr ([SROCC, 2019]) -
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250 .

E
=
-
(O]
[}
c
©
L
o
°
>
o
©
)] 4
w
_\' Tide gauge data = 2.6 + 0.2 mm/yr
= Gridded AVISO data = 3.6 £ 0.2 mm/yr
Along-track AVISO data (TP+J1+J2+J3) = 3.2 + 0.3 mm/yr
I T T I
1995 2000 2005 2010 2015 2020

Time (year)

B 16 AP b (FSR) ok PIB T R 285 AVSIO R R T~ B85
TP+J1/2/3 i i B AVISO F (100 km ] B F AL 15) o

2 6L FERRF Y TEA KRR HARP TR R

BRI e | AIVEET | CER(km) | AHEAGEL w7
ESA 2002-2018 62.8 25 0.79 48
ESA 2002-2018 62.8 50 0.80 44
ESA 2002-2018 62.8 100 0.82 41
AVISO 5Bt
(TP+11+12413) 1993-2022 62.8 25 0.82 47
AVISO Sy pREs &k
(TP+J1+12+]13) 1993-2022 62.8 50 0.84 43
AVISO Sy RS &k
(TP+11+12413) 1993-2022 62.8 100 0.86 38
AVISO J5#fi pieL &R}
(ERSI1+ERS2+ENV+SRL) 19922016 | 157 25 0.60 74
AVISO Sy pREs &k
(ERS1+ERS2+ENV+SRL) 1992-2016 | 157 50 0.71 56
AVISO Sy RS &k
(ERSI1+ERS2+ENV+SRL) 19922016 | 157 100 0.68 54
AVISO Sy RS &k
(TPN-+JIN+J2N) 2002-2017 47.9 25 0.70 54
AVISO {5 pREE e
(TPN+IIN+I2N) 2002-2017 47.9 50 0.69 54
AVISO {5 pREE e
(TPN+TIN+I2N) 2002-2017 47.9 100 0.62 59
AVISO #t&EHt 1993-2021 12.8 X 0.83 42

*X & 5B o **TPN+JIN+I2N: & 370 8 #h B 4018 (T BURIIZ 7% > BRI B Fh g d R ST %
FUFLE o LR BLR S liIR (S 5 4 PNV R A T e
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IR R L (I 05 25 R (TGOT) R /KA B RE (K997 ] 2 s F 235
TREIRRE(E 11) - MABTFTIRFHIZE A CSRS-PPP #E{T 2015~2023 EH GNSS
T EREN AR - BERRCRAE 17 Fror - diE e R > REE GNSS LV H T
o] ERELIE RIS ENE(E 1N JT RIS EN A7) F5+4.6+0.02 cm/yr Fl-
1.240.003 cmlyr) > TSR EFEEE K 0.3 mm 1 E(EHEE(LEE%+0.3£0.1
mm/yr) - FoRREEEAE R SR 2R E PASIRAE - LA RAKER IR
T e SRR E LS E SR R BRI B E (s - RS ARk i ik
HfE RS BRI PR R - OERR 2 RIEHE RIS E LR # 2 M5 AVISO 488
BRHAL TP+I1/2/3 5 UREEERH(100 km RIS & REI)MELLE: - pERAE 18
s o HIE AR > TP+IL2/3 Jilplifh AVISO K AVISO it & EbN & H B g
UEERHEE — 2 AR RBORIZE E R (R 2257 ) Ry 0.64~0.65 A1 54~55 mm » Hrb
2015~2017 R fHEZEFEA - HEMPRIAN Ky 2015 I nbmIBa2aErT - BUAEEESR
FOETTHREE - H 2019 £ Z FEI B ERIRAE R R F i E B » SO BRI ]
(2015~2017) &R anEfZ - i 2019 £ 2 1R RF i b & Rhan Bl (8 18) - H
OB RSE SRR (E 3) » fl TP+IL/2/3 )51 TELE AVISO K AVISO 48H&
S ER FHE G A R 0.72 F1 0.78 » i 22 {EAEEfR 2253 Bl 2 42 A1 39 mm -

5
3.306428 ~12 . T T I I ]
3306426 ‘7 E Trend‘ ]
3.306424F /’ﬁ—‘ ]
3308422 Trend = 0.046+0.0002 m/yr
3 30542: L 1 L 1 L 1 L L |
E 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
6
= 271581 00— — ——T T
5 |7 N Trend‘ ]
'_': L 4
O 278158095
E Trend = -0.012+0.00003 m/yr
§e) L ]
C 27815809 | 1 | 1 | 1 | |
ilts 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
2946F T T T T T =
20 44 W ‘7h Trend‘_?
29 42? ™M [N VA AN e o WY N AW b ¥
294 WV\/J\J u Trend =-0.0003+0.0001 m/yr
L I 1 I 1 I 1 I I
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Time (year)

Bl 17: %% 2 GNSS fR(E&R) M2 e A F (@) 29 L2 % GNSS j24 g+ 30
AHE T F TR cESN - h A B4 m e IT L3~ HIB42  FRg o
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T
Tide gauge data
Gridded AVISO data
Along-track AVISO data (TP+J1+J2+J3) |

)
ﬂ\/

/\/ L'\:

1 1 L L L 1 L
2018 2017 2018 2019 2020 2021 2022
Time (year)

B 18 20 b (FS) ik PR FTA R - 25 AVSIO T4 -
TP+J1/2/3 i #L B AVISO 7 42(100 km ] % F 42T 35) -

e
(,%.1
i

3.3 EEPHRKAER

AT TWVD2001 /KAEZRE R A 72 B L  ATFE(E A 1991-2022 1%
AT 30 AL ER - TR FIRFHARRE PHEKALE - 7€ 1991 FERE 2 2003
AT R EETRAS 19 - 9RKALS » UM R B 2 sR BNy 25 15 - 1248
{228 a AN TR I SR BN SRR B 57 73 R S fr e ] B ARG 2] 2 — RARAE
SAJEE(1013.25 mbar) Rk FEBN A R[] (1991-2022 £F) P40 E (23 C)

19 F1FR 7 RyVUREJTAST R Z oK AL - RATHL > BiT-PE ~ R
Beek ~ NI R S S AT R SR B R P K AL B IR E
AT > SRR [F] R e Py R B P27 KALLAT TWVD2001 7K AEZREF 30-70 mm Hy7E
SRS L HAERMABRFERES - & 77551 H 2 2004-2022 (-5 2013.5)
KL S & TWVD2001 /KHEZES » DURE 7RG R i K AL Ay~
{E Ry 67.3mm  SSPURE /AR E 2 2019-2022(Hs ] 3G 2013.5)~ /KLY~ {E
Ry 36.5 mm (% 7) > BLHMCPIEEAHBEAE - EEGEER N RR i & e B
i 0 2% 2020 K AN fRKHYE(E 16) -

® 8 BB BB EABIRUE © 1998st REHR BRI B 2 5 2
AR R > MRS S BT RE MG - iR AT > S B PRk AL
SS S EE > HAEERERE Limm DUT » 1 SHF B SRR S S 2801 i4-11.0~-
10.6 mm/mbar - [ S BT 2SR BRSUE A 3U(GU(L)) KU IR 17-9.948 [ Dalrymple et al.
2012] > BEPREYA 1 mm/mbar F={E - RN &% 28 AT FEIR
HESH gL R BRa 2R NIIRBERG2 BN RBESEZ RERTH
LLfsE SREB S B - MlEKE  JRE ~ 738 Mol M 280 S 250 (] B AR R h
BRI BN EEE (R 8) » Hofr oyl Me il M R BHIERER - S0Pk Ars 5y
By MEKEMUREE LN H YRR KOV - FEE ke fE Bt
SYRBEN BEREEEIFE /N RAGEH FEFE PRI K AL n] 2 W (2 % -
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100

Mean sea surface height (mm)

90

80

70

Harmonic a

—— Arithmetic mean
Linear regression

nalysis

Multiple-variable linear regression

60 S—
=
50| /
40 /
33000 20‘02 20‘04 2606 20‘08 20‘1 0 20‘1 2 2014
Time (year)
B 10 482 3235 5 2 % a3 o AR5 T ik K S - RHCRR S - &
LA B 5 AR (B 0 1998] -
P Tw fA EPE 2 AR P TEE R F
SEHEEZKALE (mm)
R | g | PECETIR | ABRUE | mmons | S2REE | mmns
RETH | BT | Gasseh | BETH | st
iia9) o)) &
20005 | 1991-2009 315 327525 | 331202 | 35.6%1.0 332
20015 | 1992-2010 355 36.842.5 372402 | 39.2+1.0 372
20025 | 19932011 380 39425 | 397:02 | 422%1.0 398
20035 | 19942012 45.0 466126 | 464%02 | 47.8:1.0 465
20045 | 1995-2013 482 498126 | 495:02 | S14%l1 497
20055 | 19962014 526 543127 | 540502 | 54711 53.9
20065 | 1997-2015 55.6 571227 | 564402 | 55.1=l.1 56.1
20075 | 19982016 56.5 581427 | 577202 | 573:1.1 574
20085 | 19992017 61.0 598127 | 589102 | 585+1.0 59.6
20005 | 20002018 59.9 611227 | 606502 | 59.5£1.0 603
20120 | 2001-2019 648 63.9527 | 63102 | 61110 632
20125 | 2002-2020 64.5 635026 | 629£02 | 62210 633
2013.0 | 2003-2021 66.6 656526 | 65102 | 653%1.0 65.7
20135 | 20032022 63.0 67.242.5 667402 | 67.3£0.9 673
2019.15 | 2019-2022 346 3471105 | 373408 | 39.4+3.6% 36.5
2019.15 | 2015-2022 70.9 689440 | 707:04 | 68216 69.7
2019.15 | 2004-2022 77.6 742425 739202 | SR 9747535
2019.15 | 1991-2022 833 807432 | 80.1%03 83.8+1.1 82.0
20220 | 1991-2022 917 88343.6 | 87.6£03 92.041.3 89.9

A3 E AP M(18.6 ) 8k -

41




[Bfmmwilfermgect

&G

FT=% F—H

28 2 BIREZVE 2 ARBRP R SRS X B FHRIR

e 2000.5 | 2001.5 | 2002.5 | 2003.5 | 2004.5 | 2005.5 | 2006.5 | 2007.5 | 2008.5 | 2009.5 | 2010.5 | 2011.5 | 2012.5 | 2013.5
FFE(mm) | 35.6£1.0 | 39.2+1.0 | 42.2£1.0 | 47.841.0 | 51.4+1.1 | 54.7+1.1 | 55.1+1.1 | 57.3+1.1 | 58.5£1.0 | 59.5+1.0 | 61.1£1.0 | 62.2£1.0 | 65.3£1.0 | 67.3£0.9
4.6£0.2 | 4.040.2 | 3.5+0.2 | 4.0£0.2 | 4.4+0.2 | 3.2+0.2 | 0.7+0.2 | 1.5+0.3 | 2.3+0.2 | 1.1x0.3 | -1.5+0.4 | 0.3+0.4* | 2.6+0.3 | 3.0+0.2
(mm/year)
-10.8+0.3 | -10.6+£0.3 [ -10.9£0.3 | -11.0+0.3 | -10.9+0.3 | -11.0+0.3 | -10.9+0.3 | -10.8+0.3 | -10.7+0.3 | -10.6+0.3 | -10.6+0.3 | -10.7+0.3 | -10.7+0.3 | -10.8+0.3
(mm/mbar)
[F/KE | 0.2+1.0% | 1.1£1.0* | 1.6£0.9% | 1.6+1.0* | 2.0£1.0 | 1.8+1.0% | 1.741.0% | 1.7£1.0% | 2.5+1.0 | 2.7+1.0 | 3.4+1.0 | 3.7+1.0 | 3.6+1.0 | 3.5+1.0
Pl
(m/C) -0.8+0.5% | -0.740.5* | -0.5+0.5* | -0.5+0.5* | -0.4+0.5* | -0.7+0.5* | -1.0+0.5 [-0.5+0.5* | -0.3+0.5* | 0.0+0.5* | 0.1+0.5* | 0.0+0.5* | -0.1+0.5% | 0.1+0.5*
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A Study on the Application of Non-Destructive Testing
of Space Science and Technology for Bridge Inspection

Lih-Shinn Hwang**  Yi-Kai, Hsu?

Abstract

Traditional bridge inspection rely primarily on civil engineering staff using visual
inspection and non-destructive testing to assess the condition of bridges. This research is
based on the surveyor's point of view, using diversified space science technology and Non-

Destructive Testing(NDT) to execute the duty of bridge inspection.

By combining visual inspection, multi-satellite Positioning measurement,
inclinometer testing and 3D LiDAR laser scanning and other technologies, the date is

analysed for the structural-health-diagnosis of Daxi Bridge and Wuling Bridge.
The direction of this research can be summarized as follows:
1. Traditional (visual) inspection of bridges.
2. Multi-Satellite Positioning for control point measurement.
3. Inclinometer implemaitation for vibration testing.
4. 3D LiDAR laser scanning and buildings a digital model.
5. Comparison of various space science observation data.
6. Overall bridge Structural-Health-Diagnosis report.

The study’s goal is to perform a comprehensive assessment and analysis of the bridge
using these advanced inspection techniques. By integrating different testing methods, we
expect to obtain more diverse and highly accurate bridge data and provide important

references for bridge maintenance and management, thereby ensuring the safety of passers-
by.

Keywords: Bridge Inspection, Non-Destructive Testing, Visual Inspection, Multi-Satellite
Positioning, Inclinometer Testing, 3D LiDAR, Structural-Health-Diagnosis
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Predicting Parking Space Prices in The Real Price

Registration System Based on Gradient Boosted Trees

Ting-Ni Chen! Tee-Ann Teo?

Abstract

The Real Price Registration system aims to address the issue of opacity in real estate
transaction prices by reporting various transaction information such as address, total price,
total area, and age of the property for various applications. In the data of the Real Price
Registration system, most of the data combines the prices of parking spaces and houses,
but some of the data separates the prices of parking spaces from those of houses, which
helps understand the independent prices of parking spaces. In this study, we applied the
Gradient Boosted Tree (GBT) machine learning model based on decision trees to predict
the prices of parking spaces using Real Price Registration data with parking space prices.
After removing outliers, the prediction accuracy for parking space prices can reach about
NT$236,653 per parking space. Given the average parking space price of NT$1,672,019,
the relative error is approximately 14.15%. This method can effectively separate the prices
of parking spaces from those of houses, facilitating the understanding of parking space and
the house prices. Expected that predicting parking space prices can be applied to various

applications in urban planning and real estate market analysis in the future.
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Urban Land Use Classification and Simulation Using Remote-

sensing and Bicycle-sharing Data

Hsiu-Lien Lint, Hone-Jay Chu?”

Abstract

Shared bicycle data provides valuable information about human activities,
reflecting the corresponding transportation flow patterns in different land use
categories over time and space. This establishes the feasibility of verifying the
interrelation between land use and shared bicycle usage patterns. Land use
classification has been a significant issue in urban planning and land
management. Accurate urban land classification can help decision-makers better
formulate urban development plans and policies. Recently, with the widespread
availability of big data and the rapid development of artificial intelligence, many
studies have used machine learning or deep learning in conjunction with satellite
imagery for large-scale land use classification. Although satellite imagery
performs well in distinguishing between different spectral characteristics of
buildings, water bodies, and vegetation, it may not provide sufficient recognition
information for finer land use zoning. Social sensing data can reflect human
activity patterns, thus complementing the shortcomings of satellite imagery. This
study uses shared bicycle riding data as social sensing data, combined with
remote sensing imagery to employ random forests for urban land use
classification at the pixel level. According to the results, the combination of both
data yields the best performance, with an overall accuracy of 0.88. This study
also develops a spatiotemporal simulation model for urban development to
simulate the development locations of commercial and residential areas in the
future. The study confirms that the spatial distribution characteristics of shared
bicycle station rentals and returns are closely related to urban land classification,
indicating that urban land use classification can be based on human activities to
delineate usage zones. Using the temporal and spatial characteristics of bicycle
riding data for urban land use classification prediction can provide practical case

applications for urban planning and land management.

Keywords: Land use classification, machine learning, simulation, social sensing

! Master, Department of Geomatics, National Cheng Kung University.
2 Professor, Department of Geomatics, National Cheng Kung University.
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Accuracy evaluation and question discussion of urban
true orthoimages produced from manned-aircraft aerial
oblique images

Shih-Hong Chio®", Edward Chiu?
Abstract

With the development of computer vision in image matching approaches, the
orthorectification of aerial images are gradually using high-density point clouds produced
with dense image matching to resolve the image point displacement caused by the height
of ground objects and image tilt to further produce true orthoimages. Thus, the object
image points can be presented at the correct locations. Additionally, with the development
of oblique photogrammetry, more objects in urban areas can be imaged without occlusion
and make the object boundaries in the true orthoimages more correct. Moreover, with the
development of deep learning, many studies had used urban true orthoimages produced
from manned-aircraft aerial images of urban areas, requiring a pilot to fly an aircraft, to
perform related studies. However, no research has yet explored the accuracy and issues of
producing true orthoimages using manned-aircraft oblique images in urban areas.
Therefore, this study selected a test area of about 300 hectares in Xinyi District, Taipei
City. An oblique camera was used to obtain vertical images of 8§ cm ground sampling
distance, forward and backward oblique images with high overlap. Then Agisoft
Metashape Pro. version 1.2 software was used to perform dense matching point clouds to
further generate true orthimages. Twenty-three evenly distributed check points were
selected within 10 hectares to measure the coordinates both in topographic map and true
orthoimage to calculate the position difference. The results showed maximum position
error is 0.125m, the minimum position error is 0.000m, and the root mean square error is
0.052m, which meets the accuracy of 1/1000 topographic map. However, the orthoimage
of the ground close to the building is broken and blurred; the true orthoimage near the
vegetation may also be incorrect in addition, shadows are still one of the problems to be
solved in the true orthoimage.

Keywords: True Orthoimage, Relief Displacement, Dense Matching, Oblique
Photogrammetry

* Professor, Department of Land Economics, National ChengChi University,
2 Vice General Manager, STRONG Engineering Consulting Co. Ltd.
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ZRFas B TR AR R 2 M o BAICHFE A - 40 Rau %5 A (2002)E1 #EH;
Jebesg a2 1 E RS s GBS HE TS el - ([EEGEA Z fase g w5
{BRZEZ B © ZRETTH(2008) LB E M A s Gt IR LY 15~20 77 » $H¥EYIR
EPS ER AR 2 R HE I xR a2 X Y J7 A A2 1~2 {ER
T ©

{ELEHUHIR S & DA S A 2 I S (R s Ul  To%ik - REN MR
sAGH P B E RS 216 IR O s G HR R (i B 2 N 2
e [HE SRR N 2 IR - HABER e 2 IES s g RO IR R il
A —ERIF2 2 HIRTRE - P DUA H BB 4R 28 (Pan et al., 2015) DA K2 f2 5225 FRk (Rau
etal., 2002 ) FEAHRBARAST - R B2 52 2 SR T A T 2B E - DURTHE SR
rees 2 ig 5t e

BEHEAIEF L RIGAEER022) BB {EHS ~ ER B 2 i - 2 AlE
RN HET TR IR » B EX MOy AL B E IR s (G st ) 7 A 7 (50
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mZENIRS B N SRR RO R T E AR T B R R SR A R - WA
RHE RS S T IER M UIE - N E A 2 S5 2 AR e DR Al 52 (4
R EEEPG R e R EGEIEA - T 40 AR EZIERRINAZEY)E =
AR ) MEEBEZREE 02— SR D AR RIEE PR - H
IR YIS 2 AL 2 il - A AR B A I A R B A ST - AR A B i 1
WG EBIE R > eI GBS LB/ N 50 A5y » BUEIESR
BRER AR TR - WAE TIERR SRR (mosaic) MR BTG 2 OH - 2
—E BRSSP ERIEHEES S HPERE (intensity, brightness ) HYEL T & 7347
FE 5~250 Z #iE (=R ST AT ASED s ERARRm A 20 AEA A
R AT Bk 2 B4R - S LOCEEARVIERAIEHE N 2 DEM 83774 2 DEM #E
dEZRMEITIERAIE > R e — T Z —BERTHIH P EAIS RS 2 ARE -

() ~ BIECREEERE AMSE LN AR EEA

Haggag et al. (2018)iH 5% HH =@t A A2 IR IR E TR EE
BTG - 0T AEE S E TR EU0ER - (1) BN IR A A 22005
GEfr > (i) [EAFE2EUEC (Semi-Global Matching. SGM ) #fif j2& 48 {H ZR (I
£ (DSM) » BLRe (i) ELIESAR AR - W58 e B ST E IE S g e TR
& ~ SRR (ghost effects) F125 B SUPHBILET o (i I UCECAE B DSM BHES A
BEMIEST 215 - (ERERZ GRS 4 NS E R A Z IS HE DSM > T EREREE Y
REUNE - MR TR B IR R - (S ARE A B UCHC R SE 2 &I 1)
BEREE R -

TISHEA AEHTE 5 DL AR UCRD A S F S 2 B R R A Sustersic et al.
21D DAfiFasZ G E A2 By 80%/60% (/L Ay 80%/80% ) » MIHI AT Sem » SERKES
{622 h = fHlE 1% ({# /] Trimble Inpho Y Match-AT ) » F{ii ] SURE #/ 8 s HU8
{EM R B E R IES 7215 o S EiRIE e i B e i K EE S E X A1 Y J5
[+ 5 0.04m o

{H Haggag et al. (2018)Ei Sustersi¢ et al. (2021)7 HFZL{H Y& = B8 fijiig &

8 WARFERMRER G - BRSEBEEIFIE 2 M- - B AT ey
I o] S PR 3R 2 = AT T 52 (G B ] DU/ D i B4 B IR B 245 G
2017) » FIEEE A (2024) 055 R 7RERIAER RS B E R IE 2% > FEANETRA
BRI 2% BB R R GEHE SSRGS - (HHN T e B SRR > #
Vs RET A B THB G ERIA T -

R A AR A (5 A R IR e 1] DUR D B 25 & i #1157
A B EHN )8 R IERER ELIEST5245: - IRAh » K B IEST 505 A AFERC
ERMEBERTIAA EAREE  MEYE 2 HIES 6 HYIRE 5 L IEMEREIR
HEAEREMMEE » 0 RS g G & T oI edE it &SR A% 2
B TR B LR REL T - IR el DUFZK B BiZE Bt & > CHEEY) -
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H A& A E 2 34 - AW AN B EZ B IR G0
TTAHRBARTZE - A0{sE FH B RSS2 LA L B3 H vk H B GR CE A1 ~ B 3005, 2022)
ANFLENEES - 2023) - HEBHERAVE R AR AR - Mt AH A AT
G E R HIESTG T HEh S 2] (Nahhas et al., 2018) ~ #HEE(Cira et al,,
2020) ~ FEVPEBETRE ~ OIS, 2023) - HEb & & AT E E IR R &
ZEF|T oy 2 —RUEIREE 2 (EE R - NIEASC LIRS A AR ER T R Tl
HIEREERE R T - DS Hy e E 2 MR - (MREE IR
SRR U EERE BB T e AR I e 2 275
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Bl 1 A7 2 PR % BT

WRHRE 2 Z e I T AT IE - ST ER BRI ¢

(—) ~ FiFHARE

BIFEE A BN2B it RiE 3) > HARRER 1 For s (A ZHHaHER s
UltraCam Osprey 4.1 iz SB[ > 4008 4 For > B 5 E AR VU IERAE
PRCRIE 4 A8 - RASAIFR 2 Fror © (8 S RIEREARTS 2120 ARG SfifafGuaE
Z e ] DR A B EE R (A o AW SETR RS DA T G Z BT 8
NIT o AR EERL] 80 % ~ e EBLY 70% 5 BRI TS0 2 722 -
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FirCr
FC R G B5E EL
|
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R EIEE
i) PEH M2
SR Tk S P
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GEL = S ze v = R B POS &
BHER R BUE
FLIER 53U
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% 1 BN2B #udp * #5404

THX HH E
1 HEE 1069 2\ fr
2 HRE S IHLE 130 A
3 JREAir 10
4 = 2R 262 NE//NEF
5 AT =S 6005 /AR
6 B AR i [ 1250 A 5B
7 FROFREEE Al 189 AR
8 TRATHR ] 8 /N
Bl 4 UltraCam Osprey 4.1 47 4 [B]4p #
2 PR
EL:: EEREL EEREE RO
(K25 | =TSR | RGB&NIR ## A
SR =S 3.76um CMOS 3.76um CMOS 3.76um CMOS
Mk | 20,544x14,016 277 | 12,840%8,760 {277 | 14,144%10,560 {277
IR 80 mm 50 mm 120 mm

116




BRFUIG ~ BSfR2% - A EEA AIERHR R B E E A R e il Bk S

GSD Nadir pan 10cm
@ 2120 meter AGL

£O<

10560 pix

3

54,1°
&
~

29,8°

~ ¥
— X | LEFT t.x

14144 pix

Y ,
Lx RIGHT | 2

14144 pix

10560 pix
10560 pix

14016 pix

k-
a
=)
o
w
o
-

14144 pix 54,1°

B 5 #ef 2120 2 @ pr o b osutp B iop T M G
(2) ~ FifaEg

FLFARS - TRt F SRS FE S E B B 2 i1 POS(Position and Orientation System) %
& Boerithim 88 e 2 BRnhZ855% GNSS FRULER - Mifaf&iks POS it i A inh A~ #R
BUHMERHR BRI R RATNEI A58 - $8HC POS 24 2 4558 I LE
fifase 2 ST & » e b =AM E B G N TAITE -

(2) ~ EHIRATR IS

RAHFE LA POS Bl 22 = Al e P A R BT Ny A 280 NI FZETRE
e DA ) o Ariar Bl VU & R TR AU 5 P2erhl BRI 7= > BR A P BSR4 0 e-
GNSS BEFENREE L 24k B #ETT VBS-RTK HIE - SEAREABEG(2022) (—ForZ
—BUEMTHIHP BINEESER E ) FERIHIEZ VBS-RTK {FSEARED - $HE(E —FZH]
BT EEAEBUHINHIE] - SEHIEI 2 /D 180 ZE[EE (Fixed ) fERAARE » WiHIO] 2 SFEHEIAA
PRGN TEE 2 A~ SIERENEER S A0 Tl Z SRR BEN A &
ZRHIFELR A A BRI = -

(1) ~ Bl E R E IR TS

NG AR Y SRR 2 1% > (LA Agisoft Metashape Pro. 1.2 fiA
WRGH T H RS2 GEUE » e S MRS IER0E - (Bl SRS R < i
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SR VLR T R = - FEESLERA SIFT JEELE(Lowe, 2004)$/ THH#UTHT » fic
SR 2 B DL FE A S B R 18 45 R BE 73 (Structure from Motion, STM)jE &L £ (Hartley and
Zisserman, 2003; Granshawt, 2018) T fiifH5215: < FEAVAH ¥ BRI 28 TR (] s 2
MRBTRE » MR NI ATE IR K POS ERMER Z 1465 N i1 S B T AR
KRS BRI IN T LT 2R » FER DA N &R SR A SRS (Patch-
based Multi-view Stereo, PMVS) & &.;A(Harwin and Lucieer, 2012)HY %5 VCHCFE AT 2E 4R
HEE - HEEMEMTE 8 A7 RIS EIREEAVAR RIS E R mEAE - KR
M AT AR PRSI AR B (A B - H SR R A & ] DA ERAE 2 1
A% NI E (B2 B » acfe—— Y E nl (R ERA (R A i RS 25 (2
162 > 2014 5 #8E(G 0 2017) -

(F) ~ BRI

AT FERFEE AR 1 ) o3 AT iRl - S HAE T A BE Ty 2 — P E b
MEIES G 2B sTRHAIERRE - DIHEKR - sy MBS HI TR
APITRE T WA BB SR E R B IR R E 2 R -

DI NN A 1

(—) ~ FiIEREER
8 LR EEGE TS 1677 AR PG ~ pdLRMTER S =1k > AlE 6 Fr

Bl 6 sG] = %
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(=) ~ FaER

PRERE] 1L 4E 11 H 10 HES s EERZ s Efiine G aaEEeEm
R G > BERERERNTTS 23 REESE - FIREREZGE 23 5% 5 mdtE
BIRATT S 22 SREERG - iREREZ GRS 22 RIERERAZZG WA - A
FE G EE D SEREEEE - FrUATT TR ER A - AR 2

(M) ~ HIERNERTE

WekesdBila 5Py ~ FdLEIEEERIAT » RIERHEE 2% » [ Agisoft Metashape
Pro. 1.2 PRAERASENT T H IR AR RE -

(F) ~ BRI

L 101 T BT A B AL BT B ) HUEAH 19 R BB A
8 RSB 9 - 10 B - ARSI RS E R R - PR
10 A EHEEPIRUY B - EESHEG « SRS - HAURIEY) AR
T8 2 ARESCE 11) > SR S B E T R B LRI E R 4
ZA s SHELEAEEE - AR SRR 3 BT - 10 AR 23
(BRI » AR AR 5 0.125m ~ Ji/IMILEL 0.000m » 3477352 0.052m -

] I e B0 e [
\‘.\ N -
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Hf AR > NBRA & EBARTY ~ AL A EE - FURERTIE G T
HIESHAREUE - NI ERIER G TR SR B OE G REE M IELIRTEE -
e o0 AL e DA S At S ) (AT )R S ) AR 1B - 8 12 BIRRBAAI AR
Keradbim s B R AT ~ RERNAG R E RS G 2 Y2 5 (8 12(0) HEREE(E
[ELIRPEREE AT - RERATHZ G EE RS2 G (E 12(a) F L > B
fe il B 13 JRERBIA R ERPE R LR E E AT ~ RIERAGES A TSR
PR EL(E (2 DU P (M FE HL R AT ~ RUERMITHE S F B IS 250 DR il 2
TR AR BB SR AL B (] 13(b)) - A BE s R 2 HELR(E 13(a)) -

13 BPHA A

17 A B A4 A (m) HIES#5AAH%E (m) (VA= 5
T X Y X Y (m)
1 278 306694.731 | 2769597.165 | 306694.643 | 2769597.254 0.125
2 Y2 306720.495 | 2769603.136 | 306720.520 | 2769603.196 0.065
3 2P 3 306720.413 | 2769598.653 | 306720.443 | 2769598.663 0.032
4 Y4 306647.040 | 2769678.465 | 306647.100 | 2769678.482 0.062
5 Y s 306615.904 | 2769706.393 | 306615.990 | 2769706.372 0.089
6 Y6 306795.845 | 2769766.769 | 306795.875 | 2769766.845 0.082
7 /) 306845.530 | 2769806.010 | 306845.591 | 2769806.057 0.077
8 Y8 306815.278 | 2769785.479 | 306815.204 | 2769785.493 0.075
9 Y9 306605.771 | 2769578.593 | 306605.839 | 2769578.627 0.076
10| Z#10 | 306608.600 | 2769650.515 | 306608.678 | 2769650.562 0.091
11 ErE 1 306656.593 | 2769536.509 | 306656.621 | 2769536.486 0.036
12 EFE 2 306642.103 | 2769586.356 | 306642.103 | 2769586.356 0.000
13 RS 3 306628.918 | 2769538.759 | 306628.936 | 2769538.809 0.053
14 RS 4 306850.189 | 2769560.683 | 306850.189 | 2769560.683 0.000
15 AfT#E 1 | 306783.271 | 2769562.760 | 306783.203 | 2769562.697 0.093
16 | AfTiE2 | 306689.657 | 2769784.107 | 306689.657 | 2769784.107 0.000
17| Af7#3 | 306711.720 | 2769563.827 | 306711.720 | 2769563.827 0.000
18 | IFEE 1 | 306864.471 | 2769580.798 | 306864.526 | 2769580.798 0.055
19| 2FfRE2 | 306763.537 | 2769545.939 | 306763.537 | 2769545.939 0.000
20 | TTAPBERE 1 | 306882.182 | 2769608.956 | 306882.184 | 2769608.904 0.052
21 [Ei 1 306682.948 | 2769571.495 | 306682.983 | 2769571.57 0.083
22 &l 2 306811.666 | 2769569.012 | 306811.666 | 2769569.012 0.000
23 G 3 306897.056 | 2769590.302 | 306897.096 | 2769590.290 0.042

AL E R 0.125m ~ i/ MiZE 0.000m - #751RERZE 0.052m
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(a) fEFEHREAEER (b) EFERPE gL REE

BRI ~ (RlEFE BAF ~ R B

B 12 2 FBGFHEAFL &Rt 2254 0%

() i FE B 7 ) T L B (b) 5 FEY B o A 2

Al > RIEREG Al > RIERG

Bl 13 3 FRGFARTE TR 2 ey &

LIFRPY ~ mdbmPrAEE - AIMHEEHR AT G T RS RE > AR
DI G - M FIEREA I Y TR & S YR Gl S L B 2 HIES
B qE 14 Y2 - B 15 TS Z RIHEEREEW R 8 14 Bk
BV SRR I ~ BEATTE 8 ARl AR I ZOKEE ~ HAEYIN A ER 2 -
B Rl H I G AL TR - e A R R R Y AT st 2 (e
PERERACE] 14 ~ 15 1 9 SRHEREE ) - HEATEEY)S NEIFT AT it i B S B i 25 B8R
G RTRE R G T  HX g A gy HInmRE 2250 G ariii b
P VAR S G e AR i 2 BB EY

(B 5 b J YR S (LG B /KGO A R e s i 2 i > AR
PaIE) ~ FEEFARF LB ZAT ~ RERARITREF IR E] > IR U 2 R
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M2 - AR VCECHE RS S & H o SE - o5 1B BB 4ot » W HEIES
T BREVIBEEFAERERNER

16~18 ZURHME -2 1) - a0FE/ K0 ~ AFL - BESESR ~ 05 - ATIHEINVE
B O] 5L 5 & R AR IR 2 S B IR EERE » EIER G Ly ] IERE 2R AT B (A
16 FHEE&HF2 R MG i s G E R SRt IES ) - (HF IS AIAL
MIREEIRE N EIES 2 &R FHEA R RERE R RS R R ee g FE
Wi 23 o 45541 Wiedemann and Beckmann(2016)if4¢ FhFrf T 4 A 7E (1{5] DSM
DU ER I For 2 E Y ~ B - EEHATEY) » HA AN B IR 25 P IR S
W EETAR - | &5 —E -

B 14 A 35T 5 0 S8 it 2 B AT
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AR I ]
B 16 E D SH@ifpt 2 A (7 ~ Bk ~BREE ~ 43~ i
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Bl 17 B s4@iht 2 (FA S % s s PREE AL g R

Bl 18 F 1 6Pt 2 fEAR B AL

AW 2 Agisoft Metashape Pro. 1.2 RN G FL R FLHERR — M BRI (1 52 3¢
e Z ILRCE AR - (BAEFEUAMEAGH - AR S UC AR 2
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FERE > Pt AsEER s UCHC AL TR m] e A IS ME T AT 2 ARG UCACSE SR - R EBR
A S pl IESR QA 3 -

ez Yike - WET - B ISR ER NG E (QE 16 THGE
HEET) LT EMY) R EIER AR P IEER  tE 4] Rt il e
JEWRE) - BEUCHCHT IR AR - IR GRS - U AR # S NEF AT 2 B IR
AT NEMTAT #5 & A IERECATE] 18 HHERIERER) - (B4 R] LL—TENE 23R E 17
i -

HEESS - BVIESRGR - FORBAEHE NG 2 it B IEMEE I 230 > (NIER
GUURFERE T EERHEYE R G R IE SR - EER L EE LI TT
] o

EQE L i

AT FeE TR T & FR R T R B BRI G B F E RS2 - RafA AT
HEIES G > FRERSTERE RS - pIFe BRI EFRELY 300 A HEEE - 5%
aTEE EL NIRRT E 8 2357 > DUERMEMIEHIRPY ~ mdbR& =TT R EE
& 80% ~ F A EAREY 70% 2 T ELHAAT ~ 1R R (5 (E SRS Agisoft Metashape Pro.
1.2 fARRES - BT HEIERGEUE - pOREEE T DU S0 1B DA s 26t 00 38 57 (A
AR Z 5T - AR [ EIERSEE - A AR 10 AR 23 {E#7)
A REEY) ~ EESTRGR ~ IR « HALSERIS IR falh » SRE I E
MEIESR AR B2 AR STRAIER » RERBUREALESZE 0.125m ~ /M
Hirs 0.000m > H5HRERZE 0.052m > Jige o0 2 — P B 2R - NI - 24 ATt
ETHRESEE HBARY) > ARYSGERIBGR M -

{E Agisoft Metashape Pro. 1.2 fiARUAG R FH AT G e — LR - 40
B ARITIE 8 Aoy 22t - AL - BIEENIER RSB L SR EY)
bt T8t T B TE SR RGBSR © SENTAE AP AT 2 HIEST s BN Al R sl 3 A IENE
(B REAG T = 1 et o] DUZ ] — BRI B0 s m st nl U B 5 1ok - 2
AR R IER AR AR —  REVITUN A st e i — P R B
(EHEEFISEH 24 - &R IRTHEE S R R B3 B EhIE MR s 2 2R -

AT ERE T NI - AR A mEAI R iae A RS AG
SRl - PR AT REBREARZIN - BIIAZE ~ GERE G E IR G
Z A E IS ©

34 2

NEHES » 2022 » {—Top Z —BERTABP BEHEEER E ) » EERE] 111 4 10
ﬁ o

EHER » 2023 » (112 AR = 4 RN 1 T8 Ko 22 B A o MRl 38 fg AR 2 ) HIPRHR
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M5 fe ZE AT & ENER ST FT AT 13

R - 2014 » (ILAGRAE = 4EE AR IR )T ARYIHZE ) - Bl & TEE RO
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