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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. Examples are land subsidence detection and landslide
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. The
emerging new technology Lidar first determines ellipsoidal heights of the surface,
which are then converted to OHs with a geoid model. A new trend in
photogrammetric determination of elevations is to first employ GPS height control in
the mapping of elevations and then obtain OHs with a geoid model. A geoid model,
together with GPS, is now under consideration in USA and Canada to define a new
national vertical datum. The importance of geoid prompts the need to develop a new
geoid model for Taiwan. To this end, existing land, marine and airborne gravity
anomalies will be collected and analyzed for data outliers and systematic errors. The
spatial resolutions and data noises will be determined. New gravity data collected
over 2008-2011 will be merged with the existing gravity data in an optimal manner.
The 5-m digital elevation model (DEM) of the Ministry of the Interior will be used to
model the short-wave length part of the new geoid. A latest global gravity model
based on the data of the CHAMP, GRACE and GOCE satellite missions will be used
as the long wavelength part of the geoid. For the geoid determination, a standard
remove-computation-restore procedure will be employed. The conversion from
residual gravity anomalies to residual geoidal heights are made by least-squares
collocation (LSC). New techniques, largely based on spectral combination and
modified Stokes’ kernels, will be tested to compete with the LSC geoid determination.
The new geoid model will be evaluated using “observed” geoidal heights at Taiwan’s
first-order leveling benchmarks, and location-dependent errors of the geoid model
will be given. A hybrid geoid model is determined using observed and gravimetric
geoidal heights. Promotion of the new geoid model in hazard mitigation and
environmental monitoring, GPS leveling, photogrammetry and Lidar DEM
generations, and vertical datum connection will be made.
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NCTUM-air®  64.734 -37.960 -0.149 2.394
NCTUM-air® 59.118 -22.376 0.197 1.919
NCTUM-all"  69.314 -49.799 0.028 1.680

% Shipborne gravity anomaly (data numbers:4084)
" NGDC shipborne gravity anomaly (data numbers:38564)

¢ Land gravity anomaly (data numbers:3750)
9Airbonre gravity anomaly(5000m) (data numbers:6620)
®Airbonre gravity anomaly(1500m) (data numbers:20205)

fland, shipborne, and airborne gravity anomalies (data numbers: 73247)
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UNAVCO(University NAVSTAR Consortium)# & 1 TEQC(Translate/Edit/Quality
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» &3k GPS FAligd TEQC #riE P2 S ¥k t2 = % » IGS b2 k¥ Mk : § BT

»cfls mpl ~ mp2 2 LR g 3k i % 7% - (Observation/cycle slip)
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% 2~ &=k GPS jLipl 742 TEQC % 4-#c

P Mpl Mp2 Observation/cycle slip
TMAM 0.51 0.56 46349
KDNM 0.39 0.44 7900
9164A 0.26 0.43 45128
9175A 0.27 0.41 22638
9181A 0.30 0.45 136227
9203A 0.33 0.49 40616
9213A 0.30 0.42 4036
9216A 0.25 0.33 134578
9229A 0.38 0.57 0543
9237A 0.28 0.39 45013
9239A 0.27 0.33 137111

9166 0.25 0.34 135703

9170 0.27 0.38 135695

9184 0.33 0.56 12888

9194 0.28 0.43 129904

9198 0.27 0.43 31602

9220 0.26 0.36 136405
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d bV av L pleh ik TGS B ls(mpl ~ mp2) & §RA 3R 0.5 %
TMAM ~ 9184 2 9220A = M b4 £ 5| § B S vl 4> # 6 £ b il BATGRIRIRE
UAF ;A BRI 1A % % 8 (Observation/cycle slip)t 4 > 9213A ~ 9229A %
KDNM = i 2 i 5 chik ik % 57 o SRRl L3 750 e ] 1 el T 4
LR S 0 9229A Bl D] RIS E FRARFRER S ek B
& sh BTk vk B2t TMAM 2 KDNM o
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%3~ LRIEENCE~h Rt 2 R iR L (E s s)

R = oy o oy
TMAM 0.0021 0.0023 0.0049
KDNM 0.5363 0.2558 1.7832
9164A 0.2558 0.3292 1.2441
9175A 0.1766 0.3801 0.8357
9181A 0.2380 0.3157 1.7117
9203A 0.3018 0.3338 1.3352
9213A 0.1630 0.2421 1.0512
9216A 0.2460 0.2830 1.4509
9229A 0.5502 0.5765 3.5429
9237A 0.3333 0.2224 1.5255
9239A 0.3321 0.2477 1.7585
9166 0.3021 0.2092 1.3738
9170 0.2044 0.3036 1.1964
9184 0.1256 0.5442 1.5671
9194 0.1261 0.2352 1.3361
9198 0.1498 0.4144 1.2840
9220 0.3105 0.2119 1.1187

B AFHALXABRELREE 2B RE AR E R A %
AR A R R Z T g AR sk 9220A 0 X 5 GPS A £ LRI TR &
FRFEREES RS 3R> RT 135204 fw b AR EE T A %

BT HAET 052 up > 3REAEMNGL S Z o



72 BR-REBARBET2 A pARLEE R

FEAFRFLAERPGEOE AT IS FE ERE P B2 FERL D
9 — ¥ R T v BRI RS P 32 AL T 4o ] 11 20 9239A
) FPE 722 e kBT GPS R Rl R o Xk R R T E R e F
ARFVERFLEFFAS T N EFIREEE ko RA R 1 A
kd THRERF A TER LA LIER S F o R FABF Ak AKRLT ]
FoRRANY IR ALARKIEERR LB o B 0N 4T AR

Moy = Neer + AN, "

ref

Ahgps =AH level T AN (15)

57 B3FAN > A3l EGMO8 360 Fi ~ 3 As ik e % it (7 4 Bhyr K

BLEF L B2t BT

FoAs EoRREBRBEELE X p AR B (H 2 k)

i 2L 25t kA EE gL AN
9164A 9164 0.000
9175A 9175 0.001
9181A 9181 0.001
9203A 9203 0.006
9213A 9213 -0.024
9216A 9216 0.002
9229A 9229 0.000
9237A 9237 0.000
9239A 9239 0.000




7.3 % ¥ Ak R Im0

B 0FER A AT R R o E O P e 4k b north ~ center
south~east 4 5 24 -| prgip] GPS eh— % -k g, ¥ ¢k 4 b 1 4 s (East-South)
FOH P B R s 4 (R )T

20 A LREEIERF(HE20)

Leveling Max Min Mean Std dev
route
North -0.147 -0.225 -0.193 0.026
East -0.117 -0.390 -0.246 0.079
Center -0.014 -0.287 -0.129 0.088
South -0.231 -0.398 -0.323 0.063
East-South* 0.000 -0.265 -0.106 0.101

East-South* 5 # 3+ 3 373 e +2 4

8. # R geoid &l & ~ T RIZ RIF 2 KT

SiE- H ki geoid # & 2 F 4L geoid Bl LB BB G 2 0kE 0 AP EER
#-geoid 48 7 I T At
(1) %4 Lidar #l it DEM 2 # & T I i)

7 3% Lidar >+ & 48 ¢ 4% 7 S44F 45 F (laser scanner) » BRI & 48 &1 3 5 BLEE
HiE GPS B iz il o B2 IR F o B ACE L PEIR B T ALdoie R S
PEE R ﬁi—.&ia‘rx;f < B4z Ko At F -2 Lidar 7 7 ﬁdﬂz & %> B~ Lidar
TR M HRERE geoid #F & 2 48R geoid 0l L F o P oW GARIRRAIF S A
Z ¥ FEyers Lidar §pls B T R vk % 24F o Lidar rRLIRIZ T § T kR D
BB EAME R BRI o RF EE - BP0 2 INSAR g % APt g o
(2) M >+ GPS kR E

L 0t eGPS 9 B 2 RTK ehig i p® > 5§ 4% B (2 A %)GPS %= ¢



F2EY > > B AEINA > eGPS 2 RTK &/ #rif geoid JE#F = % > @ — 4eh

%
# 1 (static)GPS B £ 7~ % geoid & & F o # j& GPS /@ "' ¥1o Bl & ~ P13 250
EERPFLIAPERY AV EE o MEF ALY

- BRROBAAAE - Bd 2R\ A G2 RBERB AT RE BEo R
B A P EEAEE B TR e R e a @ R RG AN
BEZEFF S o PR BRI AR FBAL GPS BN > H P K E & if
K% 4 & geoid o F)pt o FA-E A4 dhgeoid § RS AR 0 R £ 5D

B AR VAT - RSB RARNEE 2 Y G o

9. & %

2R E 4 B
e d S5 22 DEM
S A AT PR SRR “ﬁ?%
AR RE A %P A A
Hsiao, YS, and C Hwang, Topography-Assisted Downward Continuation of Airborne
Gravity: Application to Geoid Determination in Taiwan, Terrestrial,

Atmospheric and Oceanic Sciences (TAO), in press, 2010. doi:

10.3319/TA0.2009.07.09.01(T)(IF=0.808) (corresponding author)
Hwang, C, T.C. Cheng, C.C. Cheng, and W.C. Hung, Land subsidence using absolute
and relative gravimetry: a case study in central Taiwan, Survey Review, Vol. 42,
No0.315, pp. 27-39, 2010. (IF=0.452)

Fp3h o 4 3 W% 8P 7| (Computer and Geosciences) =< F 4o F :

Hwang, C., and H. J. Hsu. Combination of space-borne, airborne, shipborne and
terrestrial gravity data around Taiwan
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