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Precision analysis of kinematic position time series from

high-rate continuous GPS observations
Huang-Kai Hung', Ruey-Juin Rau®", He-Chin Chen®

Abstract

Modified sidereal filtering and Spatial filtering methods are used to improve the
precision of kinematic position time series generated from continuous GPS stations. The
results show the precision of GPS kinematic position time series after filtering are 0.8-1.0
cm and 1.8-4.6 cm in horizontal and vertical components, respectively. The co-seismic
displacements in station CISH - MLON and SHWA from Jiashian earthquake is 1.0 cm in
EW direction. The seismic waveform derived from GPS is consistent with integral
seismic displacement, but the GPS waveform has aliasing due to lower sampling rate of
measurements.

Keywords: Continuous GPS, Jiashian Earthquake, Modified Sidereal Filtering, Spatial
Filtering
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mm - JFAA SR B 2= HIZ Ky 120-180 mm - KR 2 HIEN IIEE @ IBE T NER
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£J 30 mm iRl 2R Eh - A HA R MRS BE > SEEE 4 om o SRR %
R 0 REARRE R BRI R FREAR 2 (RS - & 6 RHE— DR RS s e e
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& » B2 R HER (MSF) il A RUERRAEZS 0.01 Hz DUN 2 5 aH (52 [ 2EHEH 100
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Enhancing the precision of GPS positioning by using

the measurements from water vapor radiometer
Ta-Kang Yeh'", Cheng-Yi Lin? Chuan-Sheng Wang®

Abstract

The horizontal precision of GPS positioning is 1~2 mm and the vertical precision
of GPS positioning is 5~10 mm. The reason that the vertical precision is worse than the
horizontal precision shall be the distribution of the GPS satellites. Moreover, the water
vapor in the atmosphere can’t be eliminated effectively is also the important reason. In
this study, the data of Water Vapor Radiometer (WVR) was adopted to correct the
tropospheric delay for the GPS positioning in different weather. The results indicated that
if the data of WVR after calibration was adopted to correct the tropospheric delay, the
precision of GPS positioning can be enhanced about 5% in the period without rainfall.
On the other hand, if the observation of WVR without calibration was employed, the
precision of GPS positioning can’t be enhanced anymore. Moreover, whatever the WVR
data was calibrated or not in the period with rainfall, we can’t use this observation to

correct the tropospheric delay for the GPS data processing.

Keywords: Global Positioning System, Tropospheric Delay, Water Vapor Radiometer
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R S B AT 1 mm B (B 540 (Mendes and Langley, 1999)- Hopfield
(1971)Fris (1 R TH F R a7 ZE A Saastamoinen HE=X (%75 /e 7 52 (Bock and
Doerflinger, 2001) - 75 £b3th = R R &L Ba i =Xt 8 % B FH A i 51 K TH (71 08 i 2

(Zenithal Wet Delay, ZWD ) = 21 A 7K BAE R R VI R 22 RN A1
FHIEF e A (it ZWD (7 AERT 2R - ZHD Bt fErh s e H O
LIFE 2~3 mm - {EHFRRGERHE(L ZWD HER242 3~5 om - (1§ A S5 Al AT
7 5~8 cm(Liou and Huang, 2000) - Kim et al. (2003)fF #E1THr S M =i k6 GPS B5HIAY
B > SRR AR S EATEHIA 257 GPS BN B AT I R R
BB FI KRR RS bR R A S RIh B TR DR
BT ROK REUANG TR RA% - BEZRREY GPS A& - (B e A =11
FFTEHIRR Z F1 o OF FERERT R BRI R A B R G = > AR s A Y R SR
AERIT - RN ERYET R4S (Dodson et al., 1996) » i HEHEHEIFHEAVE
Bt - HIFRIEME RN REBFG I - HNEFEER DT - RiEAvE
BT LA 22 S DR 2R - AH S A B NP EICCR AT & » FERAV R R » &
e HAV AT BRI E{b E - Klobuchar and Kunches(2003)#F K A g s 2
GPS TEAIHVIEEE & » S a2 BRI AAVEKT 2 HEYEE N - FRIFREEMEEDADE
B ORE - B ROKREE  WEARSTEARNEMEES - MAEEHERER
RAR > ATk GPS EALMER -

KRR iR S 55 (Water Vapor Radiometer, WVR) Fy— & 7K@ FAH R & R
25 » WVR BUHR] DU BEE IR PR ORIE A E IR GPS AL - RIFRE S aE B A H
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FIEERSRSRATA - WiC S HIFRSAR B SR R SA BRI A TRAS - A FH S el
R EAT HE T AR R R SR - RIEE EAE A WVR EHPK R 2 E1E
15 o S WVR FYEREE I GPS 23RV RFURERE &Y - 5% 7 AR Lk
FERISOEE > ¥ 22~850 N HATELARI S - GPS F H AL 2 om D E] 1 mm(Alber et
al., 1997) « i » GPS BUHERZZ BIR R H /KRR ELIREHERA % - ZFOT R &8
REMZEFIFBAEE - AR 2Phi5E(Liou et al., 2001) - Hirfm WVR AU fE CAER]
Hfe s - HUCERCR BRI AR THREE S 5 mm #yZFLR(Weckwerth et al.,
1999) - Hhia WVR BREEfRHEAVAE ) - BRAECACETAE/ MR 10 Jrs 2 (A - SHERAHEST
5 GPS 2 RHAREENEN - BHHTACERETE M 43 L BEAGE 11
KAV E AT E] 1.2 mm LA E (Alber et al., 1997) » i (8 E 5R 2 (4 H EIE
85 /277 choke ring R4 - AE(E 2 BRI R A -

FERIA T BRI 2 BB RS S TR & GPS U1 & 7(2009)
Bat SRS TS IER e R 2 8 GPS S ARy 8 {53
DR RSt R & R EE B 720 HERARBEEM R A BN E
i e REBCIEIE T UER - HEFFEEUIHAAG R S GPS Si2 MRS » %2
BEELEELDEFY  HEL GPS SR RN % HPIEAEEN S - AlES =R
SETIER HIRE - MRS G5 ZMHY % 0P E s - A egEs s tEUE T
AR HARDE R ERN S - FH LR ENGTEE B 50
KRIFHIIFILT) - M SEAEET ARG E BN — CREGEI R IEHEE & - ATl
RAFHIRMUR IR S EE R EIC S BB IE 50 FEH L2 LI GPS St
KR KA Frie Tt -

ZCARTREEELSD

AW E T = FREGHVEVIERL - EFEILEEER T (BA4ESE 187 km) ~ K
TR EEEZR T (BFRE 77 kmFIE R E2R T (BRI 130 km)iy GPS EHWVR i}
BRRAGIUEEIZR T AVEDAAR f 2010 42 9 H 17 HE| 25 H » 55 FRAG K
EHEPR T HYEDHIEAR £ 2010 4£ 11 H 4 HE| 9 H > S5 ={FAG SR EI2R T 0B HIHA
filFy 2010 4£ 11 A 13 HEI 17 H - LN EEEA W& WVR > FItRH P —&[EH
ELBEABINRRRENZR T S—aAlfRER 285G (rg 2l - K
E KGR o MAEERBEIAVHS] - Fefae iR 7 A g mB a7
47 51 B Saastamoinen ~ Hopfield ~ Niell ~ Niell+MET (f& =i & 3th i R B2 &R il
Niel+WVR (fE=(El &7K ROR RS TEUIE R

Bt FRAGIUERIER THVETERGRAIER 1 K@ 2 For o Hgra] DI
Neill #5={5 Neill (Bl G R ERAHETTE EATSR R E(GD fE4EE Ry 10.5
mm) - {5 F Saastamoinen 5= 5z Hopfield fE=0AY45 5220 7 (3D fE4E% £ 11.6 mm) »
{H Neill+WVR J1_E#EHFHEDIE RHE IEAVEE S » FEAE R MRTRSE 13D FEAEE fy
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24.4 mm) - JCHAEICEFIETE T A RCRRYE(L - HENIRE S T A RIEIFEINFTAEEY -
5 (E SR R ECATHARS FLAR L e R A BE RS s /K - WVR BEZNA TR (R R s 22
Pt > (HAERPRIREN MRCRAEE > LSRR KRG I - HSem AR B oA
i GEEANGHEAVER RSN E 5 (E R AE NUAELRE RS R 2R T et
STAE] > ESHRS ST NBER A S - dE M (8 FR A A RS BN R R
EIEILERIR T HALSREH RS R A - A @EFICBRIZR T WSS A RIIAVER
SEtBUIER  TATAE T —ERIACERUE ERVER - FHET —REEGETRE > 28R
s TR GG TRV 2 -

21 AP -FErRLF2 cu e L - T

Model North (mm) East (mm) Height (mm) 3D (mm)
Saastamoinen 2.9 1.7 11.1 11.6
Hopfield 3.1 2.2 10.9 115
Niell 2.1 1.9 10.0 10.4
Niell+MET 2.1 1.9 10.1 10.5
Niell+WVR 9.0 2.3 225 24.4
_30
€
é 25
(7,]
S 2
- B Saastamoinen
0
S 15 H Hopfield
(]
© Niell
-E 10 .
© M Niell+MET
-g 5  Niel+WVR
(
fd
v o,
North East Height 3D
Directions
Bl2 HEIR FErBEEZ - a3 p BB L L F FE

HRXREL ZFREFRKMERZER T WETERREOE 2 KE 3 - GRER
Saastamoinen %3 K Hopfield iEfFiE 1Y (RD A2 B 4.7 mm) > Neill
50K Neil +#MET #55(20 7 (3D R4 7 £ 5.0 mm) » Neil#WVR BY45EREEIAN G
—REG A KR - (B HEUEEE AR A (BD fEAEAE Ly 5.8 mm) o« FEHHA
T R By RIS R 4 248 T M e R\t A s K P b » 2 e i 5 B R 2B R
L4 MR e R B 2 b J 2 s i 2 vl et il — Lo 52 2 > SRR — 20 HIEAF
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GRATREAN R EE AR - ARSI SRR TRECR -

%22 FAEXRRFE I FLAE cac e kBl - i

Model North (mm) East (mm) Height (mm) 3D (mm)
Saastamoinen 3.1 1.0 3.0 4.4
Hopfield 2.6 1.4 3.7 4.7
Niell 3.2 1.2 3.6 5.0
Niell+MET 3.0 1.1 3.8 5.0
Niell+WVR 35 1.7 4.3 5.8
7
(S
g6
25
2
.'E 4 M Saastamoinen
> H Hopfield
Q3
© » Niell
© )
= 2 M Niell+MET
e | = Niell+WVR
©
d
77
O .
North East Height 3D
Directions

B3 HTR " FE - FLEE2z -0 v fRELL07HF
BRRREF = REREFEIRE T HETRRRAR 3 KE 4 - LB R AT
AT sk Ay IR ST S5 SN S B By 2 2 (3D fREZ BT 6.6~7.0 mm) - {H
Niell+WVR #EAE N J5 [ EEHA 5 7RI > (B PARER AR RR A= TR R > HL A A]
RElE BRI A IR 52 - G R sE A e 5 BRI 2L -

%3 ARE PEisAfe A e Lo Fh

Model North (mm) East (mm) Height (mm) 3D (mm)
Saastamoinen 3.3 4.9 3.0 6.6
Hopfield 3.7 5.0 3.1 6.9
Niell 3.4 4.7 3.3 6.7
Niell+MET 3.5 4.8 3.5 6.9
Niel+WVR 3.1 5.2 3.5 7.0
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8
p—
§7
—
w 6
c
O
-la M Saastamoinen
q;) 4 M Hopfield
T 3  Niell
©
E 5 H Niell+MET
2 = Niell+WVR
w1
)
(Vs)

0

North East Height 3D
Directions

B4 FHIL 3PHoakifz 243 p 8L L F R

FHHS LRI =S NEBUIE M T BRI RBR A - RIS R BAE R T
PR > IR SRAE SRR 35 3R A (Rl AU R (Wang et al., 2008) @ [AEAE [~ —EH]
B TITRAEEA BRGSO ERIACGET T 04 - #E— 2P BRI WVR BUH
Lo N2

B3R RN L e

BT TR WVR SRS SRR RPTEICERIE T i
SEIRTATEDR - R R Ry A P A B R A TR 5 - SRR 301 R 2010
F7TH1IAFI BG5S 06 HEER) ki I 2010 4- 8 /6 HZE 14 H »
(EBRIAE F TR S SRR B 4 - ST Neil P WVR BB
Neil+WVR1 &% Neill+WVR2 - FiZ{LFZE A Bernese #/TE 1A WVR BUHIE R B
JEAREEE (RS ERT) » 2RI 2 A Bernese #E1TEIEAY WVR BLHIER il s
EIEARFSUE ARV EIR (FER) » MR FERII BIRVETRAE R AR 4 K8 5 ok -
LA - NeilFWVR2 S ERT WVR BLHIZER » 5 REFIE S s s 1
b HEREAFRIED B 7.6 mm) | BEEEABIIZ N EEELE GPS
SESERTE I o H MRS R T A AN (3D R 1y 8.9 mm) BRI ELA AL E ] WVR
AR TRRAE LR > R/ X EHTE R T BEXE IS AV R © 3R] MY PUfE
BRI Hat BRI R 2= 5 -
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24 ruEapEPRHIP I EIF B oL - T

Model North (mm) East (mm) Height (mm) 3D (mm)
Saastamoinen 3.7 2.6 6.6 8.0
Hopfield 3.5 2.5 6.6 7.8
Niell 3.5 2.7 6.8 8.1
Niell+MET 3.5 2.5 6.7 7.9
Niell+WVR1 4.6 2.3 7.3 8.9
Niell+WVR2 4.2 2.3 6.0 7.6

10

W Saastamoinen

M Hopfield

m Niell

B Niell+MET
M Niell+WVR1
® Niell+WVR2

Standard deviations (mm)
o = N w H (6, o)) ~ (o] (e}

North East Height 3D

Directions

RS AMamdHIT FErELEz 2w EL 0% F

HHAREIRY T AR E T E R ISR ARG T RS R A17R 5 K & 6 Fis -
Hrh > FRIEEAY B Saastamoinen f5i3(3D fEAEZE A 8.4 mm) - HZ A Niell 81
Niell+Met (3D #ZEAEZ= £ 9.3 mm) » $ [~ 2k & Hopfield fE=(3D 255 £ 9.8 mm) » 3=
B 721 By Niell+WVRL (3D fE#E7 5 10.9 mm) » E—45 R B = =007l - (N A2
FFEFRAVSZ 2SS WVR BUHIN R IEE S AR KRR E B ERE A GPS 31 HE
SAEITIETE » MG FEE GPS EfL K5 FiplZ X BHE @ BB kA
SoORBIERRNAETRIE - R IER T WVR BUHIEREE A GPS SRz IE » HiE
frks e A faiE e (3D 422 By 10.7 mm) » [52REER {4 IE RS =k e 17
BOIERYRER - R - DLHATEESARI RS KER - A WVR BUAERGETTH R
[ ER =G A% 8 FH A KA FR VI - 5 & s AR - BBk BV
FUEIE A DU SRR E AL ISR -
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25 HapPAIR P E BRI R A o B L- T4

Model North (mm) East (mm) Height (mm) 3D (mm)
Saastamoinen 5.4 1.9 6.1 8.4
Hopfield 5.2 2.2 8.0 9.8
Niell 6.2 2.4 6.5 9.3
Niell+MET 6.1 2.4 6.5 9.2
Niell+WVR1 5.8 3.0 8.8 10.9
Niell+WVR2 6.3 3.0 8.1 10.7
12
€
é 10
(7,]
S 3
,9 M Saastamoinen
s .
'S 6 H Hopfield
w .
S M Niell
- 4 H Niel+MET
S
% ) ® Niell+WVR1
g m Niell+WVR2
A
0
North East Height 3D
Directions

—)

=)

(=)

B6 MaphHRIR FE B LE2 283 oL L7 F
I~Rhagi

B IUIEAE PR ESE U5 Saastamoinen ~ Hopfield ~ Niell » B¢ 2 FI 5
A REE R (Neill+MET) 2 EITELE - B AEHERENFIRAANZK
(R 2 -

ARt o o R AU G /KSR MO BB S S BT &R (Niel W WVR) 2 E 1735 22
BUE > FEAR PRV 75 Sk WVR [FIGHUITE A B 2R 2 IR AT
1E - BTRTEETT SHYELRERE » EEARK WVR BEREEITRIE - MEEEA
WVR [FAGEUHTERAGET TIOE - S &GP GPS ZLEpfE FHREE - (EFENIHY
RiE A WVR BRDE GEOBIIE - BEAF I —BAERAUE L GPS ¥

TR -

H AT BGER AT A B K SRR R e A I P A 5 (B &S SR BB AE AP T
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SCERAE - (BB R B & /KSR A S R AR BB RRI g
AR ERRRE - NS A SERREE B - (S RE TR AEEE i -
RACHE R G (TPl WVR B -

(0 KA S B BRI B T KT R TR LR M ADT%E B Al
R TR R R TS T S B AR E
HTE (i EHERE R SRR © SR AT DT A i > A
FHEIIE R R » [T — SR HERS R R TR IS R

e
Y

AEHZERESANER TR » EREHER L 1 R ARER R ZE BLUE AT 0 BER e 80% - BA
M AThR Bt /KSR IOR B R B S NBURITE ) - DUR N R B 1 A48 . L b
Z e-GPS EEnbis @i E kY -

34 2

IR -3 A& f5 - 2006 » (e-GPS f 2 AR LERIIF EhREE (i1 .48 VBS-RTK E A7 A
SRR ) > WIEER THHIE S5

FAHES > 2009 » CEF B EEL 2 B E L Rt E L Z W72 ) » B e REE
RZERIEAFTATIE 5w

TERAH ~ SR ~ #5HH R ~ s #IAZE 2011 - A 28T TWD67 - TWD97
B e-GPS JE M7 A 2§ — DArp s Ry (o] » (BRI ) - 55 30 45 55 1 1 »
H 14-29 -
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Study on establishment of Building floor plans base on

result map of building survey

Hun-Chin Chiang"

Abstract

Building survey is the process initiated by property owner or manager who audits the
building licences, construction plan, and Cadastral mapping, follows by lodging building
location map and building plane request to the Land Offices, which eventually issues the
result maps of building survey. The result map of building survey contains building
location maps, plane map of main and attached buildings, area of ownership and other
related attributes of the property. It captures detail information of the building and is the
foundation for the future development of 3D and multipurpose cadastre database.

This study describes a method to integrate existing result maps of building survey (in
the forms of vector data or scanned images) and transform into floor plans of buildings.
Implications of potential ambiguities have been discussed and labour/time resource
requirements have been analysed. This research also demonstrates the use of height
information contained in the building licenses to enhance the floor plans into 3D cadastre
models, which can be applied in future multipurpose cadastre database or cyber city
development applications.

Keywords: 3D Cadastre, Floor Plan, Multipurpose Cadastre, Result Map of Building
Survey

! Associate Professor, Department of Real Estate and Built Environment, National Taipei University.
“ Corresponding Author, TEL:+886-2-267-41111#67420, E-mail: vincent@mail.ntpu.edu.tw.
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IR AR B E. -

BV E P45 5 M 1& oy P A 1HE 2 FER i B2 Y i E &k - DUESE R EAL
AL ST — (@Y E R E SR - EHatELHNE Rz A
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22 R ] 7 S BRI S A N [EIREN » b A 13t 1 R 05 =Ry = 4t 2= R RE s [ 5 e A/ 3
AR B SRR > RIIE A A 2R [ P4 3t 8 1 & il 177 27 (International  Federation of
Surveyors; FIG)TF A JJHES) = 4 H%5(3D Cadastre) (S22 HEHEE (multipurpose
cadastre ; MPC) HYZ&fE - = 4EHNFRE 3 1 MR = 4 re MEER B 45 T RER R PRI
FEOEC - YN EI B SR N AN 2 YREZE EIRER 4R - — 4R e A IRV E
PEHREIA T RE A A [ L3 E AR AY - 17 PEFE 2 A O BRI B R R A Y EE R TR
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A New Geoid Model of Taiwan : Applications to Hazard
Mitigation, Environmental Monitoring and Height

Modernization
Chein-Way Hwang®" , Hung-Jui Hsu® , Chi-Hsun Huang?

Abstract

The Global Positioning System (GPS) have revolutionized the conventional
surveying and mapping practice, and has been used extensively in hazard mitigation and
environmental monitoring. For many GPS applications, it is necessary to transform
GPS-derived ellipsoidal height to orthometric heights (OHs) with a Geoid model. The
OH system, instead of the ellipsoidal height system, is used in most engineering
applications. In this paper, existing land, marine and airborne gravity anomalies are
collected and processed to remove data outliers and systematic errors. In order to
supplement mountainous regions where only few land gravity data exist, a progressive
combination method was applied to merge airborne gravity with land gravity and then to
reconstruct the gravity signals over mountainous area. The Stokes formula based on the
FFT techniqgue was used to compute the geoid model with the standard
remove-computation-restore procedure. The latest global gravity model, EGMO08, is used
as the long wavelength part of the geoid. The residual terrain model (RTM) contributes to
the short wavelength part of the geoid. The new geoid model is evaluated using
“observed” geoidal heights at Taiwan’s first-order leveling benchmarks along 7 major
routes. Results of validation along central and south routes show that the progressive
combination method improves the accuracy of mountainous geoidal heights by 5cm. A
hybrid geoid model is determined by merging GPS-derived and gravimetric geoidal
heights. The geoid model is now widely used in Taiwan for ellipsoidal height-orthometric
height conversion. Sample applications in Lidar DEM generation, flood estimation, and
height modernization are discussed.

Keywords: Geoid, GPS, Gravity Anomaly, Height Modernization, Orthometric Height
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A ASERE A AR it - ASCh Y AF (2) (5 FH HYBER B Ry (Torge, 1989):

AF(2) =) Y 2+ (% cosmZ +§, sine 2) (2)
=1

k=1 |
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KA ~ B2/IME 4RI B 0.197 mGal £1-0.186 mGal » fE (g 7 5 0.036mGal - [& 2(b)&
VR SRR E ST BE 2 s oAl - HaoKME ~ S/ MEST R Ry 0.099 mGal
0.003 mGal » 5 5*R & 0.039mGal -

120° 121" 122°
e
;_.;};g?;é .
i
5 o
25) ~ 25
L
S
S
i
LE0F
2 4 24
2 pres
_ 3 yi
13 : /
3500 g“
>
23 2
5 &
£ 2000
5 s Wn
£ pe
1500 2 Q 2
1000
120° 121" 122°
500
T —
000 002 0.04 006 0.08
0 1
05 04 03 0.2 0.1 ] 01 02 03 04 05 STD (mgal)
resicual(mgal)

B2 @ipHes mplEAL2 20372 2B (b) Ao 4 827 1407 F
(C WEHEER
1. TR ETTIE

SRS HAE A DAEFE B R BN S E 2 40(TWVD2001) » 281 &S
Z e AR QIR EHS R E B3 Ry BB 2 I ME SRR A4 o TS S B E
HYARS RS AR AR S A T e A 22 B K B BB S [ S A2 A8 A — BV - NEBGED
B - OHIAE 0y 92 FFRAIAIN A B LR R B S R B0 AL PE ~ B~ NRER - 4RE R
FREEAE TR EE TS - A& ()T » &5 & L&R Air-Sea T (LCR, 2003) ~ ZLS
Dynamic Gravity Meter » BUEESEAR By 1Hz » 5 17 ST FEAVER JTER] - (o FHME S
/NHERE - ARV NS R S 2 B R s B T B R E AR R R A &
FHEEREEEY 120-150 ©b 2 S 2 SO HFR s gt an = - (H taiph 2 22 g
M T REY 500 AR < BRA - By THITEIERIEE - HE—HIOE TR -
B (e s e R Bl 22451 > Il (i A linear drift model (Hwang and Parsons, 1995)7k
R AL AE BRI 4H BN T A2 = PRI o N 3 A oK e T S o — (PR AT 4R Y
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A BPEH SR R UEERHUKEEmER B3~ B SRR B

‘Hﬂ#

MR -
2. EEESMEE R

AHESTER B EEREAEE BRI (AE 3(b) - FEEHE EEEFER
Y&} 0 (National Geophysical Data Center, NGDC) Fir Nk 2 flOHIEE &R
WERHES &y 1990 FRIATREE - GPS EfrfliiEzE » RmA i RN &R TR
192 R E B TEAHIE 7 &R (Hwang and Parsons, 1996) » {EZ1ERHEGEATHTE ]
F IR R I AR M ek Y - 0 DA N SR AR R — TR 2RO B IR AR
EHVET] o M RSE FREAIRHIE J B 20 E L R8s 1996 A R/VE
Atalante KSS30 fili&#k & J1& T e 2 B2 JJE R (Hsu et al., 1998) » & EfEE{% 314 4014
B o XA 0 RV Atalante KSS30 BERIYAC AL HAVEEAE R A 2.6
mGal - £ EMCHIE RIS 11.2 mGal -

119° 1200 121" 122" 18" 1200 1210 122 118" 120" 121" 122" 119° 120° 121° 122" 123°

ot i . nlt R~ s .
25 @) / i |25 25 | ®) fﬂ? 25 25 © / \)} |25
)
24" 7 24 24 / 4 o f 24 v ’ 1
tf el s = ; : =
a3y / 23 a3 Z / 23 a3y / 23 {
9 {/. | P 1 r/- ¢ N
\ / \\\ { fﬁ\ /
22" LJ = 22" 22" W = 22" 22' jlu = 22"
— — — 24" pilmi b, sl fea
119" 120° 121" 122' 118" 1200 1217 122° 118" 120° 121" 122' . pe
119 120° 121" 122° 119° 1200 1217 122° iy
e ¥ i
2P ) /'A?. |25' 2 ) /’Jxk |25' a ’ e
24° }[ f 24* 24 r/ f( 24 . 8
# | / # / / :
23 1 ,f, P b 23 v 23 2 . 2
[ \.\_f ,
22' Uos 22' 22' 1 #ﬁ* 4 22’
119" 120' 121" 122" 119" 120° 1217 122'
21" 21"
119° 1207 1217 122" 123°
S0 100 900 S 10 160 208 250 e —— e ——
gra\rlty anomaly (mgal) 250 -200 -150 100 -50 O 50 100 150 200 250 300

M3 @EAGRES THAGH O)EFEASGRES THA G
(=) Z=#EHETTER

ZERE R BE HIRIEEFER Y - WU - HEENEE 70% 5510
A S LA RIUAGER =T 2 AR 238 Ry - HHZEME R e
2 450mGal - EZE R ARSI P S R & B BT AR - HHZERE TR
BRI 2 -250mGal » Ky 2SI AT E B LRI - IEYMER RIEGE I, -
28R R MR R K s, - MURTEE T &R R/ ) - iR B DURNS B ) f 22
HITERAE » 2R P EH i - T ~ TR E S B SAE (S E T (Hwang
and Hsu, 2008) - S R P A 5 <2 BlE FE P Ko R et 8y S 2CHIEE RS A £
(Deng, 2003) = <Z[RjA PR IR » B & TAREE DIELLIE ~ B0 0 /RHE RORE A 1
BT BEETERAALY - HIMAEELR 2004~2009 FHFE 3 2022#E 7]
&= [{E (Hwang et al., 2012) - 4771 F5(a) Campaign 1 (island-wide over Taiwan): 215
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B g BZE R B

=5 By 5156m » (b) Campaign 2 (Kuroshio Current): 234 = 8 £ 1620m > (c) Campaign
3 (Taiwan Strait and South China Sea): 5955 B 1620m » ¢[E] 4 For @ A A
BT -

Campaign 1 E4J/> 2005 4F 5 H&EZE (F a4t - 2005) - ££ 20047 H 6 HE—X
R - 22 2005 4F 3 H 21 H &1k » $ifEfT 1 43 (EHIE IR » SIFERIT 200
/N o RS Ry L&R Air-Sea TI(LCR, 2003) - Jilif&r El4fE 4(a) - JLEfiaRd: 64
ok ~ M4RIERE 4.5 A8 5 BRPGEMIERIE 22 & - fTERE0E 20 A H 5 Sb-75r mfiER
F 10 ok ~ FIERfEIRE 5 A PHIL-SRERIffigR 3 6 5 - HiRiihE 30 A H - A& 2 fi
1515 16000 FL R - R1%Y 5156 AR 5 fiik Ry NEF 160 IR - 4 NI 306 A H -
FPEUHI—EE R (1Hz)  F5H SRR 2R 306 km/hr» 49745 85 /& RUAIFG—ZE J11H >
17 FH S B T %Y 150-180 1 S BTk a3 e i -

Campaign 2 = SV I8 R 2 8 BB a2 BHEA Bk EE AR T R
&ith > FERZEEESHER T BUSBRUSRVETER - R B E B
ZARMKAEH - BAEREASE R RS ER » RIIA AR E B 2 S B2
EBHEEL > WIEREEARE LS SRR 2 S - H 2006 4- 3 H 6
HEE—ZHEE » 22 2008 4 8 HW) Kyl » RNBGE AT At 2 Rtk f=at e - =
BESHE AR I EERNER R =20 1G58R4T 30 E2EE S MENE TIEX -
TRATHRI LY 130 /)N - fRes Fo 4l 8 =( L&R Air-Sea Gravity System |1 25745 - Jiti Al
frigrE0E 4(b) - FEILFEIATERIL 36 5% - ATLRMHERR 5 A H 5 PRSI 7 6 - i
GRIEIRE 60 A H - FEFHUZALR - HOHAKEE -~ FONER - R 2FRE - T
fiie e By 1620 /2 RL(5000 BIR) - fMizR AR 848 280 km/hr SRRl - HEUH—FEE
BHIHZ) » SRS E RSN 280 km/hr » &35 77 AR BERS—FEJE - WM EE
EJE Y 150-180 #) 2 = HTER: 2 pn i -

Campaign 3 JHI & &I A 22 E P /B B s VEE S, » B T Al e Pl S RV E 7
Bl Hp AN 2 E T SO EEMR SN E BT ERR © SNENE T ERMR46
2008 4£ 12 H 9 H% 2008 4 9 H 13 (I » 48 27 {dl T{EK » FRITAEIFELY 115 /]NEF
e R4 E T L&R Air-Sea Gravity System II 28774 - B8 fiisrIE 40 4(c) > b
R EE 54 5% ~ MERMERS 5 A 5 FPGEMTRE 15 5% - fisRiERS 25 A H - AT
fiiEE Fy 1620 /2 RL(5000 LK) » Mtz DA kE 48 280 km/hr B[RRI o RV EDHI—SE
BHIHZ) » FHhc & RetkfTER 280 kmihr - &4 77 AR BERS—FEE JEITEHEER
[§4) 150-180 ¥) 2 S TR g 3
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B~ TR mRE R EE MK I « P B SRR AR e

3 11 1
% [ ¥ 7 |
& Ban I26 26" \ ‘:& % 26 q
0 Fiys. o
A Lt R ”
1 : e F o “
7 i 5y ¥ oly s o5 d SoY 7 5
\ //Aw
L o
i g "y /‘w
/ sons( 2 G 2
-f‘- m-A‘ v""v\(»-
i { E s et
¢ 23 ! @, x @: ]
N P \ \ 1
iy - s
i ol !
- o -
19 0 121" 2 3
(a) (b) (©)

Bl 4 (a) Campaignl ; (b) Campaign?2 ; (c) Campaign 3

e TR AT S SR - A EVooV BRI AR 3R ~ B THEIERS
e B EDENE B SRR —E5E (Wessel and Watts, 1988) o 2 T 5/ DI
RIS RARERTE » SRR B2 A L 4R 8 1 B (R 228 (Bias)
FERAE (Drift) - BESRRRIHTRUL T 24360 055 » SR A4 B TR SR AR 2R
AT ERARN 23R (408 5) - MR AR PR ATRE RS W BA DS 5 BRI & R
B R EIE AT 2455525 (Hwang et al., 2007) - 1)\ Campaign 1 Hf1—
{EHIAR R > SRR — I BB ARG )L A 2 Ze e v s P e A A 22
HE M BNERE - 0 EEENARD T

G(u,v)

2=h = e_ZEer (U’V)| z=0 (19)
Hop f = Ju?+v? B A4E% (Radial Frequency) » G(UV) |y 1 G(U,V)], 53 A B
HJE h S EFOBKHE EAEII SR . HTEIEREE B EsR =R E H
e EAs - Bk - BRSPS R0 PR e s B ) 24050 2 Ry — R 1E =
NFAR:

59 :do+d1t+d2t2 (20)

Hrpd, FyH 7 (bias) > t Fy 5 H— 2B IGZFUE 2 IFHE - MR i/ N F oK%
LA AR EAE R AR ZEEE S - FIFQO)X &z & E RS E I
2E 0 &FER 0 fEGd, ~ d R d, FE(5E R R 3.347 ~ -0.215 J% 0.017 » HZE#E
IR B AW P E R AE A2 S22 AT 4.368 1 2.795mGal [EESEZAE{1%HY
0.000 i1 2.048mGal -

Ry TIRENE RS A T E4E 7774 (Downward  Continuation) 2 HE 25
BRIEIE AR 22 8 EE ) 52 BRI L 208 F i | (Hsiao and Hwang, 2011) - [m] N L&A
HIAZH T
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A A T A S = S ]

G(u,V)|,.o=""S. (f,)G(u,v)|,,

(21)

Hep S (f,) © BT -

FHA A A B — AN TR E R EEEE - IREB S OREHIRRY R - THE
HESRETER S - MR TR NEEEZ A SeBRSEE NG /REREITE
KHEMPERETRMEZ R REN T E - BFLEGRENEEEBANQDET
AEE R IR FREE T RENRZENEER Y - tPETIRERE
] Gaussian quadrature ZELEHEE & S730%E (Hwang et al., 2003) - Hsiao and Hwang
(2011)30 Ryt JP B8 J I3 FEHY-5 0 (A T AEEEAY B - A TR B LR AY & I3
A HHABERIRER - Mg b2 ZZEE I FE R A TR N R A rTRE A R
72 RIS A A s 28t g LR Campaign 1 7 H m) N 2E4EHF A A 5 P
JI5GNE > ZAIM - HlE S A g P i Y Campaign 2 K Campaign 3 1L E] [N RS
RN 2 2 BT B I E -

(@) (b) (©)
W15 T £ A&z 1€ 4 %4 (a) Campaign 1 (b) Campaign 2(c) Campaign 3

() HSEIEF

By TR FSOSRMEETER 2N R - AEIRES S8 SO =S
HEVEFE T REEEA  WHEESEAR R EE R » stE i s s 2
R B E LA (retracken) SRS R RUR TP A FEEECHIFERE S A RAVIFIE < =8
By Ry E R A B IR E B A BRI - EE A E R T Geosa/ERM ~
ERS-1/35d(1.5-year mean) ~ ERS-2/35d(2-year mean)#{1 T/P(5.6-year mean) » ifi & =4
HIEZRHE T2 DR D O 3% K IS » e B 5T FL.(Hwang et al., 2006) -
MmIEEEFEIHERH] & retracked-Geosat/GM #11 retracked-ERS-1/GM H =855 - &
TRGE ZE AT i AR P B e U2 R Sub-Waveform Threshold (Yang et al.,
2011) ~ threshold and beta-5 =7 8 EEEE » WK Yang et al.(2011) Frfg Ay &
P E/KE S 2= EAYEAE {5 2 (Standard Deviations of Differenced SSHs) & {FiEEE 5
FEACEAL LE 72 & i B AR A P B e 0L - DAFME(E & 0.2 fY sub-waveform
threshold retracker (Yang et al., 2011) &y Z & 4T i B AH 7 I I EE e B A -

68



Bl

4~ FPRH - BRI R REEAMKEmER ¢ P5E - B SRR e R

=

/

A {#EH Inverse Vening Meinesz (IVM) formula (Hwang, 1998) $&0c A fx[EI{E 4
(Remove-Compute-Restore Procedure)zZK#:7T 2'x2" M= G HE JJEENGTE > DL
NCTUA R/RAIE 6 Fr) - (EHAVSEE 155 EGMO08 fEZFA % 2190 [&(Pavlis et
al., 2012) - E K EW R B &5 B 10HZ retraced-Geosat/GM  K;  20HZ
retraced-ERS-1/GM 7 =L MIEIE 41T 2 TS R 2Hz ERHE = B E 1S R
STEAVEEE > HUERAYAHET 2% Hwang et al. (2006) - SR FTA N2 87K S
WO R - ERH AR L - R TG R 2= o EACE TS R E TR EN
[s o (/4 Hsu et al. (1998) FRUEEAVRHIEE JIE RIS ETIEE RS - &R VR
NCTUA HI#5 5 B Sandwell V18.1 (Sandwell and Smith, 2009) 5z DNSC08 (Anderson et
al., 2009) &ERESIREMEEEHEE -

0 20 -10 0 10 20 30 40 S0
mgal

Bl6 RzArELs E2FH

= ~ GPS/Leveling 7 #L

H BTN EESFEHEAE north ~ central ~ south ~ east 4 {5A 24 /\IFEDH] GPS fY—%¢
JKAERS » RIFFy Geoid AEEEHE 2 - ZRMM I 4 PG EURFREGERE -
“Z B2 F[HA GPS/Leveling Bt (o] ERYIM » I —F /KBRS AR 54 N EE SR m T
& 15 Bh(FEEAES ~ & 9 43 > Tai9) ~ PEILEIHIIE 20 Bh(5 3 43 > Tai3) K FR il 15
(5 18 43 > Tail8)Hy/KAERLMETT 24 /NFHY GPS & » A& 7 Frow - PATE RyaEfs
Geoid f5/E 2 - % » BHEMMEENEEE - 22584 » Al ELE )R
REDE - Mms—E &2 (Hybrid) Geoid - & HIASAEIRF » H GPS 2478 ITRF %
H—E AIDESEIRHEENR Z B LA EEN R ITRF Z2%0 » HBE Y Sf2 5%
L5 7 S AAE(TWVD2001)—% -
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B g BZE R B

Wighilkeny

B 7 =~ F AR PEAL TR

R RIetx R GPS B IRGIEZE (R (T  INBEZE PRI ECEA T /KAER,
P AT AT R LB > =5 RIAZE BAr 2 EREARARE GPS IS AVIEIE - Z 1% DI/KAEH]
BTSNV IE S ZRE MRS 2B TS EZ B R LEREI/CERM_EAERRS > 28
740 SRR R L R R s - P FR =5 RS W L R K IR S 2 V2 8 - e (2 A
EGMO8 [ 2 360 Z AHEERIEIIAGT R » A4l

hgy =N + AN, (22)
Ah, = AH,, +AN (23)
Forp AN B iBEREY RHEE RS 72 » AH, R IBERERIKAEIE S 72 - Ah, RyiEERHY
Bk -

A BB AR R - ROEENAE « EMREEGE R N KSR Z iR
SCE ST AR LV R - e H S BRI I R BRI S R i P BT Y SR e [
SR EEFEE LB AT IVER(AE 8 Ar) » RIEASI TN GPS/Leveling &t
INE 5 B /KER S EYE IE & (Ching etal., 2011) -
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B~ TR mRE R EE MK I « P B SRR AR e

1217 122

25" - 7 25

24" ke , 24"

23 ) 23'

120° 1217 122

mr
-120-100 -80 60 40 -20 0 20 40 60 80 100 120
V-rate

B8 -&- Z-kBEeahd-v i B HF ¥ > 2000-2008 (mm/year)

e ~E4FE

RHEIBRERE KB EIIER > RWidH - Hp—4 5 SElEM
B~ MPHIEE T~ (AN R4 2 KT 2 1500 2 RSy BRPE ) 22 #K EE 7 (campaign 2&3)
FORlEETER  IAHE R Data A > 20[E 9 AR @ SH9h—d Rsiml MIEE R
Jg7KHZ 5000 & RFTE 228 E J1E R IR A ERHR IR =S P = 27
SR VUSHE R - BRI =5 7 A1 By 0-1km ~ 1-2km ~ 2-3km fz 3-4km » H A {E(f
P ERE S a8 1km DL ERYZE8EE JTER - [HAHE R i i Data B - A1ELS3JH
HIREE ALY 5 5000 A R 25 E ) E 22 B RN E T &RV 2 itk
G AMEEERERES N EEBLE - BT RANFTEE SRS EET
S dk 2 AR PR il (band-limited) 1y 22 B N &Rt R s B R ERAE &R - K
MR T EE &7 (progressive combination )” 6 Data A Eil Data B {72 &7k
T%ﬁmgﬁiﬂifﬁfg%”frﬁﬁ AR FZERSE Fithy Data A k& Data B fR4H &R T
WS By pAEL T TUEFS A FE T ERIIE S » 40 FAR:

PEEY— & (RN _3RECEVAKF Data A METTAGRRAL - H A EEoil s 8 49k B )
T REGE 2K Y22 G EE T4 R BEERL - RSN » HlY Data A 5 & 7d
NEIZEEFEAT S B SV E ST &R - By T HBR S ERIEIRY A —20E: - &
BEAYER ] GMT & (Wessel and Smith, 1998)F$2LHY “blockmedian™ &

FEA RGN ENE &R - SN SREICEA AT AR
(Moritz, 1980a) :

Ag = CAgAg (CAgAg )71 Ag (24)
Horr A A1 Ag 73 il Ry TG E S BB I & - C,y, AEUHIE AT
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fet > Cng A TEAG(EELEURIE 2 U746 - D SEBUAMERRZ & 2 AT

SETHERE. TEBEPE R o (BEER] ~ MR ~ RS R 22 B T ERIHIE S o)
AllEs 0.1, 1.0, 5.0, and 3.0 - £ Y& P& %5 75 (anomaly degree varlance)
FyéE & EGMO8 fERYER Tscherning and Rapp (1974) s ny B 5 P s
PP R4y By EGMO8 5578 2R 28 360 &> =P34y & Tscherning and
Rapp (1974)FrasfEHY T/R FEERHIFAIDY -

PEEE— - Boml > SRS —AUE R E R MR B E RS
Hﬂf SR RIS RIS E R HIP S 1 1-2km 82{RAY 5000 23 R 228 E )
BRHE TR S > AU 10(0)FTR - Z{ﬁﬁ—wﬁ’]{%ﬁﬁ bockmedian J& 2R
WSHERHE TR - g By N SRARCE A E TR -

PEEEZ = © ILAHATEE RV ABARS B A0 A EIRVHIS R aB R S L R ERE Y
i Eng,ﬁiﬁifﬂu TR = 2-3km 82 (LAY 5000 A RS ZEskE &R - A
[ 10(c) - HEFTHEEE -

FERU < AR PR 7 A B B =L - R R 7 i e o L R B
PRE _E’ii%JEﬁAﬁtﬁ R 3-4km 8 (LA 5000 4\ K e 2Bkt > 8
10(d) » HEfTHEE -

mgal
150 -100 50 0 S0 100 150 200 250
gravity anomaly

B 9 DataA s #

(a) (b) (c) (d)
® 105000 = = #if 2 4 £ 4 T4 (Data B)$ /s>t 2% R 1 e # 12) (a) 0
km < E <1km ,(b)lkm<E<2km, (c) 2km <E < 3kmand (d) 3 km < E < 4km
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B~ TR mRE R EE MK I « P B SRR AR e

I~ APkl

R G 1% 2 B R RS E R B R R (MR AT TR (E R DL FFT
Ry EHEH Stokes ARG TR AL IRIEZC (E I HY FFT 757752275 Hwang et al. (2007) -
Hsiao and Hwang (2011) 5z Featherstone et al. (1998) - {5 f] Stokes f&3r+&H AR [E{E
S5y B bl PU4H B IR TEE T A RMAERATETE - B RSr & EGMO08
FRAURERH 22 720 [ - R R B HIP5E RTM (Forsberg, 1984) - iz 1% 15 T (g% 4R
AETE AR RERIH B S - 2= 1 5y 4 (B [FIFEEL 2 B AR RE AR AY
B PRAmiZ 4R = RAVER AR 2= - GPS JUE R s Bk s A IR mkeT < 45 R8RS
FREHENE s EREESHEEER(E 10(0)-(c) - MER CiRmiLER LEH
G 0 H RIS sz 4R (Central ) By KRR RS R 22 2 257 -

21w B RRE2EA AR ARET e SR RGPS A Btk B B2 BB L

Himoacx

north east central south Tai3 Tai9 ( Tail8 :

g 1 | 0.038 0.102 0.130 0.199 0.043 0.153 0.183
FeEc 2 1 0.019 0.079 0.063 0.125 0.031 0.105 0.131
FeEc 3 1 0.016 0.074 0.020 0.038 0.039 0.098 0.082
FeEC 4 | 0.015 0.070 0.020 0.036 0.039 0.097 0.080

A~ £ 4R &7 (HYBRID) 4 # A= K3

BT A E TR RE At Global Navigation Satellite System (GNSS){s# FJ
F ESHEMY Geoid BRI MEF THEEK = BLIE S 0 e AR ] > R EE AR R
AU BN A R HEE (R (GPS/leveling) 2 24t EHIRIS & - B AFIFHER T _Halley ik
Rz - BEENBEFTRE 2 —F—8 - —F _HuKEEEL B2 GPS B » 314y
W BEEUHLE R RS RIS T 24 MR IEOTE IE - BREMHUE Ryl i SRl A A
FERAV I B E RN HE ARSI - RS IEUE EAFTABUANAKR
HUEE R (B B8 SR KRS ARAEAE R » W34S GMT BRfS 1Y surface” $5< 1L 722 2
= EUER —ER > DU ERHE IR 2 R 8 VA KRS (RIEAY > F8 IR R R
&8 (Hybrid) AMRERIERY - HEEAUE RS EE 4 B4ESELFTA GPS/Leveling &kt
EITEES  MERCRAIFE 2 0 LSRR RIAREE - 2RI » HY GPS/Leveling &
B A #989 5] - R AT RE SRS LG AR R Htsn A -
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B+ SR

2 REA A B4k GPS < g Az keng B F M (H o 7))

Leveling route Max Min Mean Std dev
north 0.037 0.001 0.015 0.011
east 0.073 0.000 0.028 0.029
central 0.024 0.001 0.010 0.009
south -0.005 -0.141 -0.052 0.052
Tai3 0.001 -0.042 -0.015 0.014
Tai9 0.114 -0.072 0.004 0.050
Tail8 0.160 0.009 0.077 0.045

SN APAKRERN AR X BRI FARNNZ BT

(—) JeErEA

AT AR AR HE E =l = At DEM ZF*”&(TIEP TEhFUE RGNS E H g
AREN > TEHOCE D SRS S E RO B TR - TR &R - a8
KR B SR ZAIEA - G‘i‘%;ﬂ%ﬁifﬁ%ﬂﬂHﬁﬁnEZiﬂzﬁ/LﬁE&@EI’JE%/EJ%
B RS A NIINTIFTR S - Bl N ~ B N B 0agh 5ol - il
P 2 B 401G L B R K S RT RE A B K ] L PR R B 82 (Lt ] 28 28 e B R il
AGEFTHRERAVEH] - SCEFTAIG RS E BN 2SRRI AIEEKS - BE—
O B AR (% T EL BRI E = (H) - R U T

H=h-N (25)

Hrfrh ~ N 3R REER e B IR o B AR AT M EI BEIERE N - 22
PizkeEs - (8 11(a) ~ [ 11(0) & PRI LE D EEEREE S ARlE - By A SR
FAENEEZE - B 11) /BN SHEREAVEEKS > B 11(0) AR AHK
REEWYIES @ B 12 H¥ECEREME EARMRERE S AE - AR E S
4y 20 ARAGHEZ =280 - B BSOR AR R TLE —F KRR IE = R B 2
A IES (ST EI TR RS - IEEERR-4.047m £ -0.075m - Hrp
SRR 72 SR IN O GBI B A - W — P PO R R BiR B AT
BEEARB =R E
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B STEH =G B UEERMUKAEmER B~ Bl SRR AL B
121" 36' 121-36
257 12" * 25 12" 25712 * 25" 12'
* *
** * ‘k* *
121 36' 121736
- i I } P> meter = 1 ‘ I i P> meter
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
ellipsoid height orthometric height

(@) (b)
Bl 11 5 Rt P Lk 2 B2 T (st % ()L B

1217 36
el
i T 1 i
257 12 il Il x 25" 12
' *
Vil
* K
1217 36'
o T e

200 201 202 203 204 205 206 20.7 208
orthometric height

Bl 12 R REEBZE g ot e A2 KRiELS F R
(Z) AKEEMGET

HEEREY AR R R 2= S TS BRI BT - B ~ ot s kg B R oK e i B
17K BT Bt SRR R R A HIPRR © I AR AR /KA e AT 1
fR 5 2 B /KA 2 BRI 2 Sy AT & o M DAREAS R E M5 SR E 2 AREE - Y EE
KERERVEE > KIVRE N EERREET SR REEEZEEFHE
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A A T A S = S ]

ARZ2E > NI E RS R KBRS BUAR A A K AR A - 8 2d /KSEEAT 2 B (o e
IR (DEM) E AR - 28T PR AL 2 SRR e 1 By R MEEk = B = R 447
KB BEMEEE A IR S R4 R - B 40(2010)45 & A3 RSB S8 FE A AL IR
KU A THU AN 7 KARDCAYHESS - (EREVEE SR &R A 2000 FR 224k 85 AL E
EF(SRTM)R &8Il 2 & - It SRTM S 24801 EGMO6 | - FR LAY
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