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=8 H g B A By 7 5% 78 =07 K H A8 f22 AL 2 (Taiwan Geodetic Datum 1997,
TWD97) » (RSN IFEEEE AR BB AR I 2 R R - E BB I R Y B ok
KBS - NI S A Hr i B 5 A T 2004 22 2010 £E & 7EPE RS 221 {[E GPS #4Ehinkiy
K HEER > AN A DR IRAS A 2 AR WIS N B /K 2R A > 17
P2 LT BN RE R DL M I N AR R S UG TS B R R AR IR - [FI0F - ARST
IRS (G I 44 {5 GPS ZEEEREHY /KR B E R T ATIE R 2 g - H
SIFTEEIRASH > DATEIr SN E R IT AT R K S PSR A2 Bfinh ey AR i ik {66
BUAMEMZ2E > 78 N~ E F AV 5 1R1E IS £520.3 mm/yr ; HEEUEAITE N ~ E 5[5
3l Fyx1.9 mm/yr 81222 mm/yr o DISEASERLA R TRV AR » RSBy
AL EEBUIMERZRE > AN~ EJHE2 R R£2.0 mm/yr E1+2.8 mm/yr ; 4L
M7= R 7r A f522.0 mmiyr B1+2.9 mmlyr o g 1% TR AL R L > BARG AEE
i = T n e =] A AN [0 58 IV g o A VA ATANE = ey = SRV A by el |
DR HOERE4LY 25 4F - BRASRIRY n] 4EFF4Y 15 4F - T A AR 4R 2 3 4F -
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Establishment of Semi-Dynamic Datum in SW Taiwan
Kuo-En Ching ¥, Kuan-Chieh Kung?

Abstract

The precision of Taiwan’s current static geocentric datum (Taiwan Geodetic Datum
1997, TWD97) is losing with time due to the collision between the Eurasian and the
Philippine Sea plates. In order to sustain the precision of Taiwan’s datum, observations
from 221 campaign-mode GPS stations and 44 continuous GPS stations in SW Taiwan
are used to examine the performance of semi-dynamic datum. In this study, we first
estimated a horizontal velocity field in SW Taiwan using the data from 221
campaign-mode GPS stations. Then the velocity models were constructed by adopting an
exponential function in a Kriging interpolation model and a tectonic block model
(DEFNODE), respectively. The RMS misfits of velocity model inferred from the Kriging
interpolation in N and E components are £0.3 mm/yr and £0.3 mm/yr, respectively. The
RMS misfits of velocity model derived from the block model in N and E components are
2.0 mm/yr and 2.8 mml/yr, respectively. Next, observations from 44 continuous GPS
stations were adopted to realize the precision of semi-dynamic datum. The performances
of the Kriging interpolation are 1.9 mm/yr in N component and £2.2 mm/yr in the E
component, respectively. For the block model, the RMS of residual errors were averaged
+2.0 mm/yr in N component and £2.9 mm/yr in E component. The coordinate
transformation is also used in this study for comparison with the velocity models.
Assuming no large coseismic offsets and the surveyed coordinate difference less than 24
mm, the precision of the Kriging interpolation model is estimated to survive ~25 years,
the precision of block model could be kept about 15 years, and the precision of
coordinate transformation is evaluated to preserve less than 3 years.

Keywords: Coordinate Transformation, Horizontal Velocity Field, Kriging Interpolation,
Tectonic Block Model
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BRI AR St (i BRI ~ AR R ~ BT i AR
It L EEE B B R FEIR 2 AR S 4 o B X 38 iy — JH B 22 H i54(Grant et
al., 1999) o LAY AR AT A4 o HARBEE R BB R 5 (EEERR
PRI SHVE, - RIS EHY S22 T PR P R MR A (RS B R A e B A
B (a0« HhfE) » 2 R AL AR T R T 406 0 AR B SR Y (o P AE R (Pearson et al.,
2010) - FHERFILA ARAE A HIRBIENE - bR T B TREE AR E 2 M E R R
PERIRECAIESESN - TE B BEIE AT B NAZERET » LA R RAR AL fE
HRHICCTAM A 5 FEnReEeE 2 LR 2 — ey e iR g 8 2 7% - 2
C A ~ SEE - 478 S A A PSR A Bl S i 8 2 B R P ER G ~ o #fr
(Walcott, 1984; Grant et al., 1999; Tanaka et al., 2007; Pearson et al., 2010) - 2 EhFEELH#E
Y E BT e ARG <2 SR SR E BN Y 52 2 - B E A [EINF ARG - BEr B <25
SRR NE] o A0 T BT A 4 A ARG i (Y TEREAA AR (Grant et al., 1999) -
Rl > A RS TIRRESIHR2 8 FrDUREE RS ARG DUE & - [FIFJRA]
PARAR B T AR 2SI P R 20 N T ~ 15488 [iAR (Tanaka et al., 2007) -

BB B e RIS B BIRIRAT S S R (B 1) - JRHER AR R &iE SR
Ry R IR AR M R TR - Rt BTy -FEn e E e
SV - FHE 2 5UEHY GPS KRS AT DUGA] - 8 s R B Pe B B AR A e
IR E ARV SRS - (40 - GETarE EiAIE L LETE 2 N - R R g —El
&JH 0.7-1.4 pstrain/yr HY i RBER4EE (Yu and Chen, 1994) < AHEARER » BB EREL I
FAth RS T B 7Y R e I AR FOP AR RN A - SRR R e B a m i sy A
%~ KRS RS - BN e SRR E KN & > HIL » ATk
JE ST R Eh & Ry bt Tl USRI GPS &N DA R A5 Elinb ey EUHIE L DA
SHEUEHYKSE RS & - WS A IR A R RIS IS A T [ s
HyFEREAAE -
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ML oS HEdies - A BEF 2% 547 L5 AASF %2 =¥ (Lin
etal, 2003) » §d M S 5 AL LW STH T 2L ETE o WCPE & 315 BT R
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M2 4p$20 H# SOLR| =+ 5 4 51995 % 2005 2 GPS-k = i A& #-(Ching et al.,
2011) » = d *fEfRT AT 2 Rk

—RIT S - RBRAL S L S5 BN P A AV SR B 252 + (1) R ISR YK
|5 EZ 8 7 (coseismic  deformation) ; (2) At 2= 3% A= Fij 1Y 2 ] 8 2 (interseismic
deformation) » J5 = % 7 BJUbR S8 = S HA Y AH (i A% Bl g > P 88 E A B/ F AV 45 3R
(McCaffery, 2013) ; () A= AE1RHVRFEE H IR MEELAIRSRAI S » IR LS —
e i) - ST BRI RERE Ry RE 1R S5 (postseismic deformation) - H & {E 570
EEERETA Z&1b(e.g., Nur and Mavko, 1974; Thatcher and Rundle, 1984; Tse and
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Rice, 1986; Roeloffs, 1996; Peltzer et al., 1996) - & & P4 Eg S0 - 2004 £ 2010 4]
RAEBERMER A > Nt ARSI 221 (& GPS ##hnhryEUIE R
AR DARF ] P 5 M B S BERY /KSR RS - (£75 BRI B P 2 MR B S 221
(EFSBIRAY RS & > o B DATE T 5 N A B SR RS R A T S sk /K S R A
BEE  SDNESR 44 [ GPS Mg > ol [FE 17 4 e RS T AR - Stk
G [E AL R R4S SR AT TECRS - BEAL A8 7 A RE R R 2 BN 8 LAV IE T -
AFERET S B RE A A RE FHAERR -

S~ BEER

BB — Rt R e B AR S AT E I DALY 82 mmiyr HYZREM &
TRERRCAY(Yu et al., 1997; Ching et al., 2011) ([ 1) © AT FElaIs 3 525> i s B (e P
FEELLTT EPY VIR - PEREE LI /2 TR T SR LA PY T S R P Y e =
SCHUERTIREL - B S e AR A — R R AR R R R B R RS - SRR
sl 1 ) SR R SRR G - BRI R 2 - 0 RosT 2 LB RIS S -
KRy < B i A RS - SEEse S R R eI g - G A
FUTRERTE 2.8 > R A E IS (575, 2003) - fRIE oS SR & AT 2010 4F
SRR R AE > fE AT RN EEVEEE g | NH-NEREE - B
Bl ~ ZsEEE - WrLETE - R EEE - N LErE - LT e S ERE ¢ it
SRIBEITEIE D GIEPE R SSA 2 PR EET e - JRL Lt Er i (Ching et al., 2007)
i R (Shyu et al., 2005) ([ 3) - PH gD s I 5 DU e B i &7 e Ry
F o BRI o R B R PR (5 74, 2003)
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23°24'

23°18'
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23°06'

23°00'

22°54'

22°48'

R

~—

22°42'

22°36'
119°54' 120°00" 120°06' 120°12 120°18' 120°24' 120°30" 120°36' 120°42'
B3 AL wHEFFTALARR R I mRIBFTARRR, I FMLFFEE Y
Coastal Plaln & %4 T R % Western Foothills : & #% 4 . 7 ; Central Range
PodLi% ) LCA-MCLF @ = 7 -A e %1k - CKUF @ jf o %1k ; HCLF :
2 %7k 5 HHAF @ #7i %74 ; TCNF : L@a?@ HKSF © -] B L7k 5 CHNF
MALETE FTFZ | Lk ¥k % 0 KPF: % Btk © CCUF : jp W ¥k

IEAh - BIEPE R T 2 SRR B AR 1% i 45 (escaping tectonics) (Lu and
Malavieille, 1994; Lu et al., 1998; Lacombe et al., 2001; Hu et al., 2007; Ching et al.,
2007) - Lu and Malavieille (1994)E1 Lu et al. (1998) & 45 H R SEEE IR H FHIE T =
1R B LA S & e — (7 RS 2 ik ARG (indenter) » (H157 M iAd0A S & B JEFIT
SR ] 5B VY e E MR R AG (crustal block)gHPS = P8 7 (A1 Y - Lacombe et al.
(2001)5% Ry L PE R [F) 2 At 3R 1T Ry E B A R IAE ALY & F g (Tainan fault) ~ Hg 2 g
(Meilin fault) ~ JELLEf =& (Chishan fault) | > 126 &5 857 =818 ) ET f& (Chaochou
fault) 2 7= En g /g8 & (& 3) -
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2~ GPS FHASLEERARE

AW GPS BfbAK B &7 B o JL it B A AT IS G V8 7Y Fe i ARy
221 {[&# GPS F&#fiih(campaign-mode GPS stations) A Kz 44 {3 58 33 i@ s th - R 52
&~ o ptgElE - O E A AT - B M4 O SRR R IRy GPS g E
(continuous GPS stations) ([& 4) - &k AR E 2004 & 2010 4F » GPS B #juLE4F
TR 2R > S ZCEBUHIBF R4S 6 &/ N

23'24'
B
// :
/\
]
23'12' - /
23°00'
22'48' -
km
0 10 20 8,
~<——20 + 1 mm/yr e \ .
120°00" 120°12 120°24' 120°36
4 : : D
0 15 30 45 60

velocity (mm/yr)
Bl4 AP 40 SOIRBIzE » 546 3 32 GPSKTig RH o 2 ¢ # o % 4 GPSH
R A E e I HF R AGPSHE R A E o d B
REBUTE mE c AR R AKTE R B
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o i 5 SHIE A AR » AKHFFSEERFH Bernese 5.0 #iE 7T GPS &RlE i (Dach et
al., 2007) > {#F] International GNSS Service /\ i 5 % 2 & (SP3) LUESE R R B
L 2 S BERNETHIEEIE - Wk e S EEE B AR A2 #
% > GPS BUHIERHI AR E 15°LL 46T DAGHE o $57 3 #7 59 2508 Al 5% H
Saastamoinen model H#ET{GE < FEHLYH] 5 [ 1GS HIBE(FERIRH 5-GUAM -~ EIfE
-1ISC ~ {HZRIF-IRKT ~ PEE-PERT LUK HZ-TSKB)F ITRF2008 4515 % 2005.0 5 %]
AR SR S5 » ] DU I IEIE A GPS gk H SRS Bk 2515 B iy AR A -

PEE - R SOIEE T RS RIS H (B ) AL - B P50 » DA
/N IRGEAGFE RN AR A B KRR 4% 82 MG (SO1R) Y £ AL KR 73 B HF T
5l > LIRS IE 2004 25 2010 4FEAYRERS /KPR S (H 4) -

Hi(E AR > &Evar LTS Bt R AP 2 [ > BRI —20
%9k 45 mmiyr > (5B ETE TR AT 290°H 4] 240°  FAETE BRI o Hk
RS ES/ IV 10 mmiyr » SRS » AR 27 BRI SRET R RIXT 20 km HRERIPY -
AII&TA 30 mm/yr (YRR H S RREAFATE

T~ ERER2ZE

AWTFE(EH 221 i GPS B by AP ERE & > 73 IR A (1) e 1L A (2) 3R
AT AR T BT ST R g /K P A

(—) 4.1 eI BEEEA

SLILE A Ry Mathron E2275% 1963 AE2H - 22— MR E AR R P e
T et e [ P AR AR B FEBUE B 7 0% - BB E = M R i R BA
ZE[EIGERE IR - B ] DU A e s A A S 1 L IR S ERE (4 » 25D 200F=om
Beor R RVEUANE > x FoREEAYZERILE > A e DI A A RISUHIRE AU E R
FISHIERA [FIHEEE Ty~ S8 (semi-variance) 5 {H - BT REILAES1E1S 52 R
BOT) e Ei e i R MR R A THIRRIE T PR EIRE i S 2
FEAIE E(REUAAERCR AR Nl (55 THE - S 2 EBRBERA R RERELZ
LB AHRR 1 BSRNEEN L /KP R T = - B A RS e 2 vE 0 > FLRE
FARREPE R 2 I - T AHRE TR S B Ry — N BRI RE © BRI 2 [HIRE R
MK > R AT R AR M A o B FIRY-FE BB BT R B - St
ERIATRA S DA R s # et (exponential model) (Hans, 2003) » Hr » Sl el e R E 6]
PREEREET - FARRE MRS 2 S T REAVIED - R FANE DI 2 RIRE H 4R
& > SYBURRTFEHY ZR AR S LS A — 2 A - 15 B bR ek B e
FFE A FEACE LAY 7K P B A G2 A H gy FHRA M P ARG - Ht AR SR
PR S > B PR R AR - Ry e — R E S HY-FE REHE > AL
44 {5 GPS HUEFUSHY /K- VL ERHEI TG ot - PERC 4 (E-FE BBt s
JEAI%% 1 Z RMS (root mean square)fliit&Ea » A LIFGA - AHE FLA A58 28 ek
8 SEBOR BN A IS B AR A RS TEE - INIL AR R B RR Ay
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SRS ] 221 [ GPS B #hH KPR E R - DArd 118 PR LT FelE i
LK EREAERY(fE 5) -

201 2 R it 44 B GPS i sk 2 58 & 4 B v i (mmiyr)

5 e 1 E~ £ N~ ¥
I ¥ 2.21 1.86
B 20 2.76 1.96
E el 3.85 2.35
%o 2.22 1.89
23°24' —

km

0 10 fo
~<—— (alculation :

23°18'
~<—— Observation
20+ 1 mm/
23°12'
23°06'
23°00'
22°54'
22°48'
22°42'
22°36' ——
119°54' 120°00' 120°06' 120°12' 120°18' 120°24' 120°30' 120°36' 120°42'
4 : : 4
0 15 30 45 60

velocity (mm/yr)

BS sz & p4BirE BRI - 2 R SCPSHB LR RS> $J H 5 %
$oi2 d 2 etk BT

FEAE RS 3 A 5 T > AT ZE S Al e 1L B AR AU HE (i 221 {6 GPS R @k
FRPETE > BRI K2R S A TR > J815 E 0B Rr0.3 mmiyr - N 3 &
TR Fsx0.3 mm/yr 2 NAEREE S ATEE R o WTRPAAEASHERS 44 ([ GPS UL /K

= &P

\4
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B JREAH AR B KRR TIRE - SRIYMEMREE TR FEE &R
+2.2mm/yr ; N 73 Fx1.9 mm/yr ([&] 6) » £ RER AN » S UERY5E 7 & (residual)
BT 2 mmlyr DI - ZA1f > (R LB R RG2S > 2 3 2 4 mm/yr )
J: o

23724'

/l
{

23°12' A )

23°00'
22°48" -
km

0 10

<5+ 1 mmlyr
22°36' — | .

120°00' 120°12' 120°24' 120°36'
0 2 4 6

Residual velocity (mm/yr)
B6 sox £ ARAEFIN IR HERARL T, TR -2 RFLERALE - K
Bld i@ RARLEZ ~ )

(2) 4.2 BRSEA

ARG T BB VY R B it R RE R AR S G 5 - FLRE R R A0 0 ] BA
Gy Ry bR R e SR A I DN e S B P L 2 th R B S5 (MeCaffery, 2013) e
SR AG T e Rt BR R DB S (M 588G - (ARG B B S Bl i 2
T e B St e T Y SR RSB ALER (Euler pole) o 8 SR AGE AL (i
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BHARE » RGeSl RS EEITT & - 991 MSRRSEE ARy Z RN e
(EFAr PRS2 SR VT Jeg 55 AF 58 - =B g HA $HE (locking) 1K » HATHER
Rl e AR s e R A R IERES: - ARWITER SR RS54 DEFNODE (McCaffery,
2013) - FHHMFREIKA 221 {[E GPS #Ehuhiy /K2R 8 O & SRS HY ieis 2 K Er
[E B ORGSR DU T /KSR A o RS A I S (EfR A R e (1
reduced Chi Square)scHIET - 401/ =0(D)F7R »

Z(r/o)

Z___F__ 1)

Heb o n HEAEE > n AEUIMERERENZ2E > o BHEUIERITERE -

AW ER G EREIZ BRSO E R E IR - fEE g2 A
BRI a5 DAE R A A5 2R S g - {{cd Ching et al. (2011)AYERAES] 7y - di
Zrp U PR A AT 2010 R VB EENENE A0 B SR ST R N Y GPS
FERRRE o AWFTRE G ST e S &5k 11 (E¥RRS (8 7) - W PR -

1. JE#8 EURA : B2 EIRES > MURBXERBEMNALE - (L &8 R R > HORiEsE
AL 7 e

2. YRES A BEERE R R ANH-RRESE - M {LEfE -

3. BRAS B : FEEEELIAFHIE() - PER R S -RR ST - /A M CEE - R

Fy/rsEEE -

4. YRS C - PEESRELAFHIE () > SR AR g Ibhmit i - a5 Rl BT E - B
SR/ sEE g -
5. G D : PEE LA () - SR R LETE - PR Ry N\ LLIETE » B R B

i ey - BRI R/ tEEE -

6. Yifs E : GRS M 2 FEEE R 0 TR R /N LErE - FritErE g E
HErRE -

7. RES F - R aEE > SUEF Mg HEE - MESLEM et &S 0 IE
BR R LETE e -

8. YRS G FEs-FE » B RN E - veiER e  JLER RiE LEE -

9. PRES H © FEEELLAFHIE(V) - EFR HEFEE - JLEF HIHILEE - FHER
R\ -

10. HEEE | - PEEEFFR - 5 A Bl LEREr R ra ] -

11, BRES J @ Tk - EEOwE R NEr R ] 2 i
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23°24'

23°18'

2312

23°06'

23°00'

22'54'
22°48'
2242 ,
0
2236'
119°54' 120°00" 120°06' 12012 12018 120°24' 120°30" 120°36' 12042
4 : , g
0 15 30 45 60

velocity (mm/yr)

B7 Py RB2ZHAMYL - 2 FRETHMER > L BITRELTEREE A
dBITRAE R P EREE A Ea T AR B LI RN C o
WMELFFU) > D: FMPELFFUNE S8 B2FLamEAThRE F
od ok %G BLTRE H a3ELF = RAV) L F3REET RJ ¢
£ LR

FLiE SRENE 2 BT - AR RLRE 2 DEFNODE o > BJe 2 F— & J IR RRL AT
AR > S ERRE B A [F) 0 2 Biasoe A S g 2 (] KR/ i o - stnfE
SRERFIEINT S > AT RS H s B e T B RG_C RV 0T K o EACETT 2R S
ZETED Wil o [EABERFE T - AESRHIKIRIET G TEED > & o ER0E R 0 5
BIFRSEERETE - K2 > RISEERVEE » N &/E7E pe B A B g i A A
I FERERETR - FTLASET TR ¢ E3EE R 1 TRHISE 2ER0E - AWIFEE0E
79 REZE FERE A& AT PR HoJy £ B2 Ching et al. (2011) 52 HAYER & 24 (A >
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N E R T RS R R R -7 i (balanced cross sections) 2 & = (Huang et al., 2004) - [5]
B > (BRI A 3% T (e.q., Davis et al., 1983; Dahlen and Suppe, 1988) » A
9 LT £ T SRR R B PP OB EAEIEL) 5 km A
LT km o HAWEFELY 252 bE 1 2 REY 45° -

ABHZERI 221 {5 GPS FE@unbAY /K285 & 1 A SEAG 154 DEFNODE #:7HY
B /KSR (1] 8) > H %y 1.29 o 38 F LRI HE(Y 221 {# GPS FEBikAY/K P
BT B IR CRKCP 2R S TERES - nEfS E 7 &E+2.8 mmiyr s N 73 &+2.0
mm/yr I NTEAGEEE R o [FIRF - JREAEAIHE(S 44 (& GPS AUk /KPR - B
L CRIZ KPR S AETIRRS - BEIMEAREE 2 73T RAE E 70 8 F5£2.9 mm/yr ;
N 75 & Fs£2.0 mm/yr([El 9) - AF([E 9) Bl ve 7 B 2R FHAYAY 45 SR ([ 6)#E1 TEEEL - AT LA
SR E 7 H &I - BERERZAE 2 mmiyr DI - (BIEPEEREELLIAT I » 772 (E
HEBREES - &9 4mmlyr DLE - FEISSH - fEEILETEIT - TERRREE
& W& 4Ammiyr DLE -

23°24' —

km

0 10
~— Calculation‘
~—— QObservation

<20+ 1 mmh

23'18' 1

2312 +

23°06' 1

23°00" -

22°54'

22°48' -

22°42' A

22°36'
119°54' 120°00' 120°06' 120712 120°18' 120°24' 120°30' 120°36' 120742'

. : : P
0 15 30 45 60

velocity (mm/yr)
B8 MM Alda e BHA - 27 HeE AGPSH &b B % H i L HMHE
Y e g BECY 0 24 F AN A AAER
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23°24' -
23°12' -
23°00'
22°48" -
km

0 10 20

<5+ 1 mmlyr
22°36' — | .

120°00' 120°12' 120°24' 120°36'
0 2 4 6

Residual velocity (mm/yr)
RO MA@ FE ARALELTR - 2IRFLEAALE - KRB I
REERALEZ S

I~ iRk

Ha b o [F— AR (TR AT LA [F Y A AEEAE) - R A EIRF L) T HYAAEHE - ]
DURE b A P02 A TR 25 R S 25 B 2 BB S B AR ST R Ry B TR SRR (G110 - A
BRIEENNZR) Tt AV RL L (R & © RR > RIS B E S T ZEHR - F2- 5zl
to NS AT - S5AE tL R 2 N IRER IS [ — SR L 2 AR 25 T Bl 21 A4 A5
EHHRA S HAABIEZEN - AR SR AR - DI SR 5 20k to BRf 41
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Fault Behavior Analysis of the Fengshan Transfer

Fault and Its Earthquake Potential Assessment
Chuan-Min Chao?, Kuo-En Ching?*, Ning Lee?, Jian-Liang Chen*

Abstract

The analysis of GPS measurements around the Fengshan transfer fault(FTFZ)
indicates that the FTFZ may be a major active fault in SW Taiwan. However, the fault
geometry, the deformation pattern, and the earthquake potential of the FTFZ still remain
unclear. Therefore the observations of 205 GPS stations from 2002 to 2010 are used to
understand the deformation pattern in SW Taiwan. The pattern of the horizontal velocity
field shows a significant velocity gradient from 30 mm/yr to 10 mm/yr west of the
Chishan fault, whereas velocities are about 50 mm/yr in 268° east of the Chishan fault.
For the area west of the FTFZ, the velocity azimuth changes into 245°. The horizontal
velocity profile shows that the fault parallel component has about 15 mm/yr difference
across the fault, indicating a sinistral strike-slip fault. Across the northern segment of
the fault, it shows an about 1.9 mm/yr shorteningrate, while about 1.0 mm/yr and 5.2
mm/yr extension rates are across the central and southern segments, respectively.
Therefore the FTFZ is a left-lateral fault and the northern segment is locked with
contraction, while the central and southern segments are creeping with extension. The
fault geometry of the FTFZ inferred by 2D fault model shows the dip is ~50° and the
depth is about 7 to 13 km. The maximum interseismic slip rates are~17.0 mm/yr, ~25.8
mm/yr, and ~36.0 mm/yr for the northern, central, and southern segments, respectively.
Based on the modeling result, the estimated energy accumulation rate is 2.15 x 10%
dyne-cm/yrand the recurrence interval of the earthquake is about 117 years.

Keywords:2D Fault Model, Creeping, GPS, Locked, Strain Rate Analysis
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(Z) R E

FH P S0 L5 (9 DEM 3 AR AT &1 - JRL LSBT I /5 N140°E 5 (A1 Y BT
(Deffontaines et al., 1994, 1997; Lacombe et al., 1999) - FoELHE (L7 Fd 2 58 pg 5-Pa db
75 77 151 (N 105 °E) 7R B FE ) i1 i e b & N140°E-N150°E HFE SJHRAR - [EIHS[HEE,
LT g &y BA R I BRI RS 7E (/84 (Deffontaines et al., 1997) - 17kt
R85 53 BT L 0 LA A R B RS - L S A (o 25 S SRS
EF4%(Ching et al., 2007) -

(Pu)1% e

TeZEtasG o P ol A% B TR i 7 G R & B4 (Sun, 1964) - 1% 1 B EnE 1
0 Be LA Ve IR i (décollement) 1y S T /& (Fruneau et al., 2001) - fe v ER Y7 S0
HURHAGTHRRE G e it EA4ILL mmlyr 71 & 5 G i S & Rl 29772 (Huang
et al., 2009) - Huang et al.(2009){Ez% 1% F BB g ~ g it (F 231 5% > [(RtFEa G
a5 A BEE o HERYEDH 245 3R ERF R A BRI 8  BoRE R AT
TEIHERAR - R T R R ES A aE B A = 88 A=Ay nl AE 14 (Huang et al., 2009) -

(R)/NELLErE

SEIEE I N LB R X0 5 8 /A » UAE DEM _E T — I EE T e
FETE(Sun, 1964) - ARSI » /1Nl LLIEST i s A > G787/ (Hsu and Chang,
1979) » HEAHTHIF AR EORHET: » B/ LIBT3 2 W BB s P R LA 35 (2
2 2012) - S > FORBIE ST - /N LB 78S B A LRI R 2R A
#(mud diapin) a7 AT B (S5BET, 2001) -

= ~GPS FHZ 12 R

(—) GPS &}

AWTFEATEE Y GPS BRIACHE & th i B S & i B 2 168(1 GPS f£&hnk
K¢ 37{12002-20104F[E] 5 B Y GPS A A([E3) -

GPS M EhnbgAF & AR » R &7 3- 100k [E IS A THIA] - (7 F > 888 Fy HEAE
R AIRRUTRE - 35 R G T M R > EE(EMI[E]4I6-14/ N - GRS
r15°7 A T 2R - BRHHUESER By 15F) - Frif Ay GPS BEhubgkid - 494
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M b ETR =8 O HCLF : {57 2 %1k » HKSF @ ] if Lk > CHNF : 2.1,
$7/& - CCUF @ i W47k » FTFZ @ B Lo 4 47K
AT S 2 GPS HENER 2/ DIHIFE ZEHE - ZEAVHIES55(6

FHVENE > e ERAVAIEIFEREDNRR] o Fra Mk e K24/ NFEECE R » HLHUER

AR Ry 15FDE30F) - 25 H R e ge e ~ PNEER ~ HR Ot E S A i th I R SR P
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B RER - FE - ER - BUEHRET R S 2B e T R R TERE T

(SRR RN

GPS ZifHK FHHAG Bernese v.5.04E TR - AR R H - AWFE L FHEIFR
GNSS #i#(IGS)Friefit Z A% 2 Z WA 1ERS Bullet B {EUE B2 %E » Wi
FH BB RS 1T BRBE T8 (7 S USRI R CUIE - (R T E L 2 /1T > S DA AR Ar
=R G PR T DR RS (B W B bR SRR 22 - BRI A E (L KA i 28
AW FEEH A R o SO A BT R2E - %A QIF(Quasi lonosphere-Free) &= -
K8 LK, L2/ K7 5 72 {E (Steigenberger et al., 2006) » ifi L Saastamoinen model 4
TR g (E % 72 2 (Saastamoinen, 1972) -

FofRTt GPS AAMERERUEIE - A KB E IWW%%%*E%('TRFZOO&
TV H AR - AHERET RV ERE o AR (EP B - B e &Y VO A =8 Y
2Bk IGS E#EE(TSKB ~ GUAM ~ PERT -~ lISC)fE ITRF2008 | 7 ALFEEA R EE LS »
LUK 7S (BB A E 2 (PKGM ~ SO1IR ~ KDNM ~ CKSV ~ LIUC Fz KMNM)AJfL B
B PES o FERE DL 7S A8 B P [&] 8 nh Y S B AL A A 2R S oK fR e pg B 2 B P
GPS 57 LA - FEEET S - ML EE /K P AMER R 722 2 4U+3-8 mm > & B AME
HY AR 7= B 4J+10-20 mm ; [f] GPS ZHE4E /K ALEHYRR 2 E4Y+2-5 mm » & H ARy
SREEZ+10-15 mm -

e o~ 3 A RTRRFEL T

(—VKPEESE

GPS /KPR Z 5T HRERHE P/ H1 2002 2 20104 2 UG R AR I 751 © (o
FTEILEESSE n Bh 5 i B B 2 RE P -

xk(t) = al, + bit + v} 1)

2 x, (6 Ry EHEIEATEURAI RS & 5 R BERT - BEALRSAE 5 af, FREE - bl Ryl
GEETS - vy R -

wt GPS HAEULHYIF Y] > AT FE (s 22 I R RO B b R 72 B 25
[y SRR 72 (Wdowinski et al., 1997)1% - i i/ N S AEH B AT A IS AH R
AH(SOIR)HY E ~ N EAFE H /T EHYZEE -

(D) BEPERE KRS

TE/K PR ([8]3) 7T LA B LLER e 7y SV P e S0 R 72 B o0 5T BLLET
DAPS A — RS YRR > 2R F AR F AL PEILHE30 mm/yr ZERKE]10 mm/yr - (i
TR LI g DASR A 2R P29 F550 mmiyr » J5[R1&Y N268° » s 5 MM & > AERELL
a7/ LAPS R 5 SR IR st e N v st e - LR 7 (i A i) N245° « [R]H
AT AR E IR T LET R Ay Z= % B R AR EREEE A E
HilF et - SO Hpafl R IEls 31 e - VRS - B BEEE - /b L=
RO LB #R AL &AL ZRE B RE R R ST - 5 1R T BT o SR AR 2 B4 Ry 15 mmyr
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Jug
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RS 2 5T B RN VRGBT » R RSO LW K P s
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1994) - GPS IR A Q)2 bAfi HEH B BB IS R e » i ©

v _1 0lx;; Ay;; 0 Ayij]
vh

J el
e e

Hrft s v, v, BT B~ N SR - Axyj ~ Ay, R BUHIE | SRR | RS
gl &l el RIS | TESRRTER - W) R RS | AR o elfilel Byl
W (RS B o A (BT S R - EERE R S B R ]
I T L — TSR A

H{EFESE A5 1%, FTH Prescott(1979)4 H iy 223k 15 X e K, iy
SR A/INRITF (i - Eorp R A R L (R B 8 FE MR » T sk
FIEE [ SR 7 FE /5 A (Sagiya et al., 2000) =

(Z) BB SRR R

Tt BIES RN - AR E SRR =AeE = ST ES =A% E
S HIREAT = AEERE ZMIUE - RS R BT ST R 29/ N LA
JEAS S ] SERYESE A AURR (B]4) - —foIER - RIS R E Sl a iR A
O LR LIBEHAE g T R A ~0.8 pstrain/yr (ViR AfHIGREEA - fi~1.2pstrain/yr
F R R R SRR AT A L LIS T R N g B - bR L g - A PedLPe-2R
P B 5 [R140. 8 pstrain/yr FYBR4H & - (LB T Be A JLIL - e PH /5 [R1490. 2 pstrain/yr
A SRE - (EETE R A LILER-RI PP /5 [1%90.7 pstrain/yr HY{H5RE(E4) - Bt
R > HEMAE%Y0.7 pstrain/yr (YHR-PHEIFEEE - HPGH17H%90.2 pstrain/yr
HYBRAL-PERI T RIAYRSR © s/ NeE LLETRE » 54903 pstrain/yr FYER-PHIFER R - HURHE
(LT > H492.0 pstrain/yr HIPGIC-SREEIREER © fi% - WLAEIINETE > HACERI
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FTEE A 2 R E L - HCERZ MR S0 R LA 28 (T AV B > SOt
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Precision Analysis on Cadastral Surveying by Using

e-GNSS and GPS Relative Positioning
Ta-Kang Yeh'", Yu-Yuan Hsu?, Gwo-Chyang Tsuei®

Abstract

When the GPS static relative positioning is adopted for surveying, the reference
stations are required to be setup at control points. Therefore, more time, cost and
manpower are required. In recent years, the GPS reference stations have been constructed
in Taiwan, these GPS stations may be treated as the reference stations for relative
positioning. In this study, the GPS receivers were setup on the satellite controlling points
of Taipei and Yilan, and the data from the reference stations with TWD97 and
TWD97[2010] coordinates were utilized for data processing. Two approaches of e-GNSS
and static relative positioning were adopted, and the standard deviations in horizontal
direction in both areas were within 2 cm. When it came to the external precision, the
maximum error of positioning precision was within 6 cm, which was in according with
the standard of cadastral surveying. However, the positioning results after coordinate
transformation were better than 6 cm in Yilan area averagely, there was still parts
exceeding 6 cm in singular data. When the GPS data were processed by using the
Yangming mountain reference station, the larger errors were occurred by using
commercial software when the baselines were longer than 20 km. If the larger errors
were excluded, the external precisions in horizontal direction in Taipei area were within 6
cm. On the other hand, the errors after coordinate transformation in Yilan area were
4.6~57.4 cm.

Keywords: Coordinate Transformation, Cadastral Surveying, e-GNSS, GPS Static
Relative Positioning,
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An Investigation into the Generation of 1/1000
Orthoimages for Local Urban Area by VTOL UAV

Images
Shih-Hong Chio?*

Abstract

The image displacements on aerial images due to photographic tilt and topographic
relief should be exactly removed to generate orthoimages. Thus orthoimages can provide
the correct geometrical and radiometric information for basic image maps for geographic
information, or they can overlap with digital elevation model for landscape simulation
for advanced studies. In the past, 1/1000 orthoimage generation relies on large-scale
aerial aircraft with metric cameras for collecting the aerial images. In recent years, the
development of UAVs (Unmanned Aerial Vehicles) is quite fast. Due to the automatic
navigation technology, it makes UAVs be a stable platform to collect high-resolution
aerial images much more safely and automatically. Also, UAVs can acquire the aerial
images with low-altitude and under cloud, UAVs become quite suitable aerial image
collection system to locally produce the orthoimages. Particularly, VTOL (Vertical Take
Off and Landing) UAVs can take off and land vertically, therefore they are more flexible
and more suitable for acquiring aerial images in urban areas to generate 1/1000
orthoimages locally. The payload capacity of VTOL UAV is much more limited than the
fixed-wing UAV, thus only the non-metric camera can be implemented to collect aerial
images. Additionally, the images are often limited ground coverage. Therefore, this study
will focus on the investigation into the generation of 1/1000 orthoimages locally by using
these collected aerial images. Based on the experimental results, after planning and
acquiring the aerial images with good quality, self-calibration bundle adjustment for
aerial triangulation is performed to overcome the imperfect camera parameters calibrated
by the procedure of close-range photogrammetry. Next, by limiting the used image
content it proves that the aerial images collected by VTOL UAVs can be used to generate
the orthoimages locally in urban area. Finally, the suggestion will be presented based on
the experimental results.

Keywords: Orthoimage, UAV, Self-calibration Bundle Adjustment, Aerotriangulation.
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FEARRTAR /o5 B AR 40% 5 WIS RTIR B AR Ty 8096

fE > BEEHR G — T 2 —BUEN U B (S TR T (e
2010)7 T3 2 —IER e R EUFIE P R EIRYE - AW Fe ns 2R Gat 2 Az fd
R 2T = AmAE R > HR AL E DR S8 2 FaR L G i e 5 ] -
eF AR R SRR MRy IR A AT P FEIRR AT Ry 2 22 4 (22 s AR SR (AR R DU
B 60% AR ) - SRR KSR AR AT T

(—) PRI E IR S ILHE T S R A S 2 EhIRE > DL BE A FE
EMIPESETM ) ArdEZ RTK MR B ARON & 5 7AREH - A E (&4 [F Lk
ATt 2 AR R Pl HLZE T RE g Ny 10 Ao ATECP9ME - 1F R B2 Ve
SRR -

(2) eEhhE R AT T oK AE I E SR A AT H E AT S A P2 fRLS
PAE RS —EREIEERES W A REUN - S dtais SUERTE R L XA
EAENEAR 10mmVK (K Ry B—HIERREE > km #1) » 2GEREIERRE
TRAEIRGREA G 7GRS 10mmVF (F Ry KAERBGREFE > km %) -

_15em_10cm _ 30cm

=]

15¢cmy

IOCm

30cm

B2 A F iz s ik

BESh > At FEE SRR A R - DIz ERM A EE - RISET0 2 —HiPE
IRF 58 e ZE = V22 Z Ml s g e 1T 1L e B P RE (F RS R B 2 s e )
B BEAESHTE AN 0.3 HEE SN 2 = ECHEREPEE Rt
BERHENTZE G AR = 4EARAE « ARWEIE S9ak E ARG R itzcit - DL T S At
FElE EAESETAN ) e RTK SREEARHIE JTARH - [FEBGR 8 A F £k
FTfe 2 AR R L > S HZEMIEEE NFY 10 D AIHCFEE - (F R hh 2 P
25 TSR RILA P BER A& Z R RIE A SUE Ry IES

SERATAERIRATSEE N R 2 1% - BREE Ll UAV IOl T2E = ~ BiE
= 2R (Digital Elevation Model, DEM) 5 SHUCECEAGR(E ~ DU IESTRERUE -
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(Bl nbi e et R S - S|

HHYAT5E UAV Sk 2T F AU B AR - (i =2H.(2010) - AHIESEER
TENGAN e A H AR B R Z A S B A Se B O A S AR IR RS AT
FURTREE UAV Fliasig 2 25 =Bk A B 3OER0AZE = P U R L - {EAE
RS E HS AR S B (E - BHREZE = PR o] LTIt 2= e -
AL - FFEAF PR iWitnessPRO @G (Photometrix, 2010) 1 TARBRE - Hfp g s
HEPRE » REFHEE 2 HEULRCRE ST A 8 (EFRELATEHRAY 20 (HEH
FIERE - LA FOCHTA VA RAIRESE - iWitnessPRO e R EHIHIE S8 E
2 0 FTER A I 2 BE S A= (2) (Fraser, 1997) :

(—) AN FHr=#(the element of interior orientation) : £ iE ¢ ~ G FEV R E(Xo ,
Yo) °

() Eirug ST 228 (Radial distortion parameters) : Ky, Kz, K3 ©
(=) FEeait [ HesEE== 2285 (Decentering distortion parameters) : P1, P °
(P9) {75 5+ ey 828 2 22 85 (Affinity, non-orthogonality parameters) : b, by -

TR AV I N2 e =030 (1) (Fraser, 1997) :

AX = —X, —%Ac+§r2K1 XK, + XPOK, + (2X + 12)P, + 2P, Xy + b, X + b,y

Ay ==Y, =~ Ac + Yr2K, + YriK, + yreK, + 2P Xy + (2 +r2)P, (1)

—2 =2
I’2=X +y =(X_X0)2+(y_yo)2

A or s DUG B R TR O B R R A PR
Xy  DAsg G 0 Ry JURE 2 R GG G AU &
AX, Ay JFIRG SIS 2 UEE
AC MR T IIEE
OB MER IS AE 8 - iWitness Pro RAS S0 F-F e e e UG I AE R
S TE (% S HUG R FIT P Y 52 e M IS5 (S e T 8 e (2) LR EARAAAE LY 3 AR>S AR
22 REMEZ FEERN AR E 5 2SR A 2 e R 2 e A
ZEESZETAE 15~20 o 28 5 Sest e aE T 3D SRRV (AT 22 it
RS - R RS e R B G ~ R N EEEEE E 2 ) 5 IRE E Y FEEE LA
BB E R TR ERRA AN | T EER e 2D 3 AR ~6 AR BLE 5 HUGH
A MNEIHIEARATE 2472 70~100 J5 7 [ (Photometrix, 2010) -
UAV friiiiEk GPS K2 AHRS(Attitude and heading reference system)(B[IAH & 7>
Inertial Measurement Unit, IMU) KSR & DAHBHZ% = (NS L OHl4g o0, > 2011)
EREFRMEINTALOIAE » L » AWFFEIREH GPS/IMU &ifliBhZE = » MY
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BYRC ¢ R UAY BREUET )2 — B S E A % 2

FORERIC R T2 = PERR RN AR 2 T L BZERE (RSN L 28) - 1T UAV Fir
Bk REA R E AU B AR B > BEE Y RE - (BRI S2H (2010) 052 8R
TS BER EM A 56 4 HARE & R 2 AR S B e R 5 B e O TR ke A AR AR IR
R& 5 A ZES VAV i 222 =S B3 AUAZE = P72 J720 0 IEERY
SOCET SET ORIMA FpHlEReS - 3% B R HRAZE =P SRR IS 8=
A0~ =0(2) > Ry Brown PHEEL((Brown, 1976) > Hrft Ax~ Ay Ryt (GuRER) Zn8taios -
FOR B n i R GAA et - P 18 (E2Bumil .y - S BEITF I - D%
BB = SR

AX =X, + X[a, (r* —r2) +a,(r' =) +a,(r® —r))]+bx+b,y

+§[cl(x2 — ¥+, X2y7 e (X =y +dyxy +d,y? +doxPy +d,xy? +d x7y?

Ay =Y+ y[al(r2 - roz) +a2(r4 - I’04) + a3(r6 - roe)]
+X[C1(x2 — YY)+ CXPY2 + (X — y )]+ dxy +d, X% +dgx?y +dgxy? +d x*y?
C

2
A Ax, Ay BRERUER
X0, Yo A5 TR AT
c B IR
ay, a3 HEH A GRS 20
by, b, A5 IR TEAT 28
€1,Cy 03 R ANEHEHSE
dy oo, dyy R BT R IR T RS S
IMAHAFEIREL SOCET SET ORIMA FRIERAS H Bh& HI22 =i 2 HEERE H.

(—) RRERICHTEZE = VAR 2 TN - HEERIUCECE: - FYE R BOERY 9 (B
FAETHIFEBLE 9 % HNECEGRENREE - CHZEEERE RE
rE=/DFERE 6 Bl E > Ae 6 BiFUA T IAENME - HE R UE
ZE/ VA BN FERUT SARAHTT G R ST > AFERER SeET LA E
EMIREHAS -

() ZE="PEstEER - Jellimy NYRI(EE B8 ) SERA P TR ERR > FET
B/ NYFIEE B8 BRORAVZE > 2B TS S ERSERY
e > HENEZ e HIREA AR 1 6ot > RS2 IV il EZ
LU SR 7R 25 2 IV SRS RNN 1.5 (BT - R SRl = Eailah_ b
TTEHR AV Z > HENEZ IR =T RE N B AR 30% > AR
IRRBIZAE RSB S I VBRI - B R R Rl -2 e b - H R AR S
RIS H b 8272 (Clarke et al., 1998) » [NEEAKIFEST HHLHTA-ERS -
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(Bl nbi e et R S - S|

ERSEEMER 1.4 FFE(Principal distance) : CFL ; 2.{% 3= %5(Coordinates of
Principal point) : x0,y0 ; 3.:54% > HE G REE 2 -

seik VAV fiifase e B2 =% » Bl ER AR s BN 28U 0E
RAVIEI S > BHLABUERTAIRAS TIEIREE 2m @i E s A B R
TEIESTE - IESGRUERS » GG R DA I EEE G TR ST 2 BT R R Al -

o~ BRASFTREH

AT ERE R B AE P » L5 RAESRPR - RIS - T
BILR P ESES - AT EIESPT AT - 49 1Km X 1Km - i TAS71E4T 20
AR

|
|
|
|
|
{
i

vy ¥ -u
S AR ——— 4
$5 g Be? :

‘?“-—
»’{Jﬁ -
-
(a) & (b) HHE

®l4 AI-RIDER YJ-1000-HC % *z ¥ 7 # #&8° % sL(h4= > 2012)

AI-RIDER YJ-1000-HC %Jig5a2s thigs 247 v hAfef 82 25009 T HRT 27D 20 73
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ORZ0IS © e VAV 28U ET 0 2 —#i i & fm Sl s IE A 5208 < ket

I

G o A/ NIRRT  TTHURREEVE 12 misec » T REIEUS 18 misec - 3%
RN R MIASAT £ Canon EOS 5D Mark 11 (FL[E 5) -

5 Canon EOS 5D Mark Il ¥ p% #ic i+ 4p %

Canon EOS 5D Mark Il JEE RIS AT AHRIERC 28mm SesafiH s - EAUGR
JE 3648 {5T ~ 1S 2736 BT © BUTAVINVE 6.4 pm ¢ /H—?FETA%%%Z%FH R BUG R
Sre b bR =P E N (R T E 6) 1R eSS TR E

—_— “‘\

@6 Canon EOS 5D Mark 11 4p % 28mm 4358 mim # U%

<% iWitnessPRO #RAS(E FHFF ek - FF 20 (ER OREEI Mm%
RIEETF- MR E RS2 UG RS > kg 27 SREEHFG - DL iWitnessPRO 8 #E
28mm SEEHN 2 HEIRE B 7 BURREH 27 iR GRS R e M E 5
18l > £ 1 FAEERE 2 455 - iWitnessPRO FEH & HEURRENME 1.0 AR
5 TR EVGERE OIS By 0.11 (57T > 3D BRAMEAE X~ Y~ Z J7 [ TH AL KIS 2 0.0088
B A7 (24 1:154200) ~ 0.0127 E&{ir (8%, 1:107200) ~ L4 0.0070 B {7 (% 1:195100) » #epe
F5REEE 0.0095 B A7 (8 1:143300) ; MifE#E iWitnessPRO SREHZE » BIFHTRELE TR
Fefm 5 7Y 1:500~1:10000 2 ff » AZRAE 4SS HE 4 1:10000 - [RIthHe _Ef#alin]
HILL iWitnessPRO AT HT S FAHE R E R R I fER -
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5 e A R e = S

13

EN1D

g 5

B0

W7 3% 27T %4p P pfEd o5 e 487

% 1 Canon EOS 5D Mark Il #p # 28mm %

SEWig

FEp g 2012/07/10
Canon EOS 5D Mark 11 4p #% 28mm 4 Ep
Principal Distance .2 & ¢ (mm) 28.4793
Principal Point Offsets .3 2t # (X0, Yo )(mm) (-0.0593, -0.1212)
o K1 1.3230e-004
Radial Distortion K 2 23796007
15 S % A

Ks -1.5571e-011

Decentering Distortion #. v % £ i .2189e-00
P2 -5.8909e-006

Affinity Parameter X ~ y $ih & & Wt B1 2.695e-004
Affinity Parameter X ~ y #ih2t 1 % B> 1.225e-005

REGEIRSE &R - SR SGT MG THE AT ERY 4.5 2257 > MIERATRR
5B R 8026 AR /A fAG R 40% LU S B =4 200 24 KU AI-RIDER
YJ-1000-HC Zigs UAV fiidafl Sleae i SIfiaR - AT S figrfirbot 2012 £ 10
H 15 BffifHEE > ERGE THY—RE] NIRRT TR - EERE AR
BEHEFHAER > ERKEZ ZRYEN - (E5RERE TESE > BUR UAV E T EE
AR > SHAEELY 3 /NRFIEF]SE AR AUS: - FEHUSANE 8 ARz 7 R - 147
RS o ATt A HB iR > &otht—REREHREEEEMREN
i FR R S A TR S IE R - MR E Z R PR PN A SIEARE » &

LR R -
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SR ¢ R UAY BAGRET 55 — B E E EH e fea

B8 %% ¥ UAVEifissnd ¥ B mis e s R+ £ F3,2 BT

TR AR E G 45 SR LAY EERR 10 sRIEHY 1-2 RREARTEFRATAR (X0 T E 9 Fr)
=0 FREEEY 22 pRETFEE MTF ( Modulation Transfer Function ) f5EkI<: 8039 7F 1 (@&
TELAT 0 SEEE{E 0.802 (5T » FEAEE £ 0.095 (T » BnAXN G EE -

B9 #7iE P BEE BL R 8 MTF fioh 8% 7 2 Bl(0 ¢ 5k

PR T2 = B > 22 = FEE A 15 (RS - 11 (ERERr o 2= s el EsEn, -
6 {iEl etz ift » HoorAnanlE 10 Fs o (o AR i 22 st & Ay R IR R e el
BhAT R DL A AR /e UAV A2 Ricoh GR Digital 11 FHISHEF AR ]
HEFAR R R e 22 =HE 2 FB oK - IR H 101 A2 T 2= AL 3D I {E M
PIEERTIER ) duaEsliRlEm HESEzE = 2 fiins G - ke - &AL
FUFTRE R BT ZE AR RN » JERZE = PR E RO CRAZE =P - &0lHE
HEEHAT 4186 BhHHPRIAIE 2 (GUREAAER - ST HREATAZE = PR R e
SR E (R EEE(X0,Y0) ~ {5 £ (CFL) LR SR B B ey 5 72 (al,a2,a3) > B HITZEA]
il 7 M FEREE #5(0.05m » 0.05m > 0.10m) - BERF NI ZE 52 Bl B el 2 M FEERse e By
(0.10m > 0.10m > 0.30m) - {GREEMINEESE Ky 6um - HESEHIAZE = P AERVER A
11 forR - ZE = PAERIANNE] 12 > 22 = PrE i A0 2 erd B AR IIE AT (S
FIZ P L ERETAEEY 0.6 > Al HISAGEHIZE = HEERE VA Al SEETEIE = 0.6 T e i
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B GBIz R E R SR

i o TGS N~ E ~ h = (&7 ) RMSE(RIEIEE) 53 Ail/Z 0.07m ~ 0.06m ~ k¢
0.19m : fRfZRFEEAIFR 5 HAECHUAZE = FEMRATR » N~ E ~ h 42 RMSE
Sy HIHE 0.08m ~ 0.11m ~ Bl 0.28m - {LERL RIS B 0.14m ~ SFZHEE 0.28m - H
FriEfE h 2 RMSE 2 L0 RTK EHIAE LA B 2 & Z KHGEE R A HE G Y IE SR
P R -

% R 4o

pr BEAFHLAG AL
AR T A

L CAP-A Combined Adjnstment Program

File Help
Wumber of
Control Points: 32 Ceumersas: 1 Obzereations: 34166
GPE Profiles: 0 Images: 147 Irn. Elunders:

Terain Point;: 4186 Add. Observations: 30 4dd. Blunders:

Information

Statn CAF execution finshed .
Message:

Tteration Process

Tteration Lomnit: L0

Tteration Parameter Changes Sigma 0 [K.
5 0000513 6.2 Help
o 0.000027 6.2
7 0.000004 6.2

Bl1l %3 UAV Scfp B p 3Rt 2= T AR FR%RT 45
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BYRC ¢ R UAY BREUET )2 — B S E A % 2

B 12 568 UAV Sufp s = T £ %) F)

Tyl bR H R HEZE = S22 O A ZE =S VR ATk Rl 5 %
WeHEEZE =355 > KO A (ESE LSRN 4186 BEHNTLBLEIE > (G BhAME L RS0 1T
E R Az = S S e A E R BT GIERE T - BRI 2 o BRI E
& ~ B IS BB T — MO A ZE =2 © | iWitnessPRO 5 7t S BT
A SOCET SET ORIMA FiUHIHRAS ST T— M oA ZE =R AR R R R
Az ZHE > HHMS TS 2= 28 (G EEFEERINIE& /o= o s > JRENIE
SEE - AR VEATEZ Sigmal £y 33.1um o ARFZBEREE A1 5 — Mot RUAZE=
SEFERFRETT 0 N~ E ~ h 4442 RMSE 43 HI% 0.08m ~ 0.12m ~ £ 0.39m - 32 5 o]
FEIR — R TRAZE = S O P R L M T 2 E A A S S e A R T B 2 A i =
B> HEiBEEAHECE B 3R UAZE =B S £ - thifth AR e E R Az
SR T SR E TS A S EENFR 6 B o AFTATIL » MR E B %
OB GRS R B2 S B AR IEE A -
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(Bl nbi e et R S - S|

25 5% F UAV#Up ik 2 2= T X H

PykgiEz=T 4 SR SN GE R 4
. e ap e e N &g [E &g h B A2d
25 N R £ (M)|E &g £ (m)[H &4 % (m) sm) | £m | £(m)
C04 0.17 -0.24 -0.58 0.18 -0.26 | -0.77
CO05 0.05 -0.02 -0.17 0.05 -0.03 0.06
Co8 -0.01 0.09 -0.03 -0.04 0.09 0.23
cl1 0.00 0.05 -0.23 -0.01 0.07 -0.12
C12 0.06 0.01 0.13 0.03 0.01 0.38
Cl4 0.10 -0.05 0.22 0.06 -0.04 0.31
RMSE 0.08 0.11 0.28 0.08 0.12 0.39

% 6 Canon EOS 5D Mark Il #p#% % #cF 7.2 B 5% v i)

Canon EOS 5D Mark |1 28mm 4.2 4p % % #«c

2 E HEpFRELEFZTZF2 RS
i1 §& c (mm) 28.4793 28.4156
Ha B4 (Xo, Yo )(mm) | (-0.0593, -0.1212) (-0.0789, -0.0806)
K1 1.3230e-004 -1.27e-004
15 oo 4 K> -2.2379e-007 2.09e-007
Ks -1.5571e-011 1.55e-11
P P1 7.2189e-006 &
P2 -5.8909e-006 &
X~y fht Rt B:1 2.695e-004 &
X~y fht i R B> 1.225e-005 E

AWTFE b AtE =Pt SRR S B P AT Sy 212k - R A —bd
aalRE LA . UAV HETTRAE > DRELPZE i RE B At R e B 3 EC sl A
ABuEE o IR AI-RIDER YJ-1000-HC i3 UAV FiTfHBUERET » HfL
PEHIRLIESHETIE UAV BfE 2 AR IR - NEbE R S |- i = &
PERERNA Sepl Ball 2z 22 =P 5 - RETERE SRR RS (0 I A FE H 1=
FEEZZZ=RIR -

BEsh > ZE =R RS - TS R 200 AR) - LGl
T REEEY N > NS YIR AR TR R AT e R BN B R G TR ED 7> (A8 13) -
EZ R RAE TR Z GRS B EhUCAC S A MR - ] 12 TPz B Elsm Bl Ry
BERZRATIERL ©
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SR ¢ R UAY BAGRET 55 — B E E EH e fea

B 13 = A& 4 HlE 5 0 UAV S B 1h? & oz Bl o7

AWTFEREE 2 e UAV FREAS B FOEHUAZE = PR > LL SOCET
SET MUleAs A BVEAC A 4 BUE R 57 (Digital Surface Model, DSM)&E A T &R{Z
FiTfe~ DEM iR ANlE 14> F5 2L SOCET SET UM ¢ sififts R IES s GBUE
FCARANE 15 A -

B 14 % %8 UAV Sufp B fic @ 3 #2177 3D 154 )
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(Bl nbi e et R S - S|

LU VAV HEEITRE > BRI 2GR - s EZ28 B2 LRYeE
ISR RIERN BRI (F R L EA —ENEEEE - B3 EMER i mf —l
P B OHANEEZIE > A8 16 - SURTZE T EERIZ AT B 2 S > 400E
17 > gt itS 2 Z i A ML I BN 20 (et a1 TP m 24 s e
20 A% AR X AARRER Y 25158 RMSE £5 5 0.09m> AR & 54V {2 E RMSE /5 0.13m >
e T o7 Z —IESAR ALY V3 B AR e 22 (88 WIREI RS - HAr B P ats
FE/INS 50 253 Z B FEEESK > 20 {8 B NI A R (i 73 A e 17 -
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B0 © HER UAV BB BUET-5 . — 30 S H s i st

(a) T 5HE AR B A (b) # %8 = 0B 7
Bl 17 UAV £ 052 1 S0 Gt B P B e A

IENE R EE R A S BE SRR DR ZE = AR T IR Y 1
REE > HEPEE S S RS 200 AR > RILEY) > S RE » I8
P FRIES ARAE m EEEl A AR i e AU HR B - Bk R TEE s - AR
W= d AR NZE)FR
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(Bl nbi e et R S - S|

rh
d= m (3)
Hopo r e (GERIEG TERAIFESE 5 h o R EEEHRYS  H ¢ PR E EEmEAIRT
“[g °

= 7 EBEEEY) S S 5 HIE 5.00m ~ 10.00m ~ -+---+ ~ 60.00m > {55555 B FERE S
F#E 1.50mm ~ 2.50mm ~ 5.00mm ~ 7.50mm K > 38858 DU EHZE S = 2 20.00m Ay
FOREER > AT 4UEE S 200m AYG BN FEAYEEF (53 FILL mm 45T (pixel) A
BRMY o DMETT B BT AR LIS — {5807 B 6.4um) - B 7 DU B (% - BhFE R Ryfmdd
= AR T Bt - 4gRkE 18 BN AR EEY S S A B B S =
RITHE -

£ 7 #F e § 200 2 ¢ gk H ik E A

Ay 423 (m) |200.00
# 4 3 4#2(m) | 20.00

g gh(mm) | 1.50

#4 % &(m) | 5.00 | 10.00 | 15.00 | 20.00 | 25.00 | 30.00 | 40.00 | 50.00 | 60.00

%-gLi=#(mm)| 004 | 008 | 011 | 015 | 0.19 | 0.23 | 0.30 | 0.38 | 0.45

8L~ # (pixel)| 5.86 | 11.72 | 17.58 | 23.44 | 29.30 | 35.16 | 46.88 | 58.59 | 70.31

#ifa gh(mm) | 2.50

#4 % K(m) | 5.00 |10.00 | 15.00 | 20.00 | 25.00 | 30.00 | 40.00 | 50.00 | 60.00

g4 (mm)| 0.06 | 0.13 | 0.19 | 0.25 | 0.31 | 0.38 | 0.50 | 0.63 | 0.75

-2k #% (pixel)| 9.77 | 19.53 | 29.30 | 39.06 | 48.83 | 58.59 | 78.13 | 97.66 |117.19

& if 2 2E(mm) | 5.00

#4 8 &(m) | 5.00 | 10.00 | 15.00 | 20.00 | 25.00 | 30.00 | 40.00 | 50.00 | 60.00

g4 (mm)| 013 | 0.25 | 0.38 | 050 | 0.63 | 0.75 | 1.00 | 1.25 | 1.50

-2k 4% (pixel)| 19.53 | 39.06 | 58.59 | 78.13 | 97.66 |117.19|156.25|195.31|234.38

4t =L(mm) | 7.50

#4 % E(m) | 5.00 | 10.00 | 15.00 | 20.00 | 25.00 | 30.00 | 40.00 | 50.00 | 60.00

%gLi=#(mm)| 019 | 0.38 | 056 | 0.75 | 0.94 | 1.13 | 150 | 1.88 | 2.25

8L =4 (pixel)| 29.30 | 58.59 | 87.89 |117.19|146.48 |175.78 | 234.38 | 292.97 | 351.56
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N
=5 B & (m

4 5B = 4% (pixels)

=o=5m
——10m
—h—15m
20m
—¥=25m
—o—30m
" 40m
50m
60m

L Hrija gh(mm) )
Bl 18 2 pizd B B> b B % chB £ =45 o #icH)

ATRBITE i B DABE R B (G BG4 5.00mm SEELZ LR BE A4 - BLiF
& 60m = (G kG 5.00mm B - GRS RS E 1.50mm(FHE Y 234.38 BT) -
B AAQ) - ENETT 2 300.00m E1 400.00m B - 60m S A REES: LA
5.00mm Ff > GTESEIEREMI 2, e 22 1.00mm B 0.75mm(fH&E Y 156.256 £ 117.19
o) ¢ B R 2.50mm B o BRSNS 2E 0.50mm £ 0.38mm(fHE L 78.13
EA 58.59 570) + BB AL 1.50mm By > BREIA% Ry 0.30mm Ed 0.23mm(#H & 7L 46.88
B 35.16 f7r) > [ % 50 ot - H_EHL AT ffnEUG = R fE & 2 Bt = 300m B
A400m > S5 = A7) (401 60m = ) (EBE(S: £ 385 5.00mm 7 G Y S Z2 LS TR R A -
REE S P R E LRGN G LR/ L&Y 1.5mm By B T IR AU IE » A —20K0e
F = BiEt i =5 200m ~ 300m ~ 400m R [FAGRI R = 22 (LA FTHZERIAE 70~35 Bt.2
[E] > #E—DEE 10 NSV IER G B A e YR S =0 B 2
&

I BhEeH

AbTTest EE e R - SERAEITHE - ERIZ e UAV 240 > R i
FEIELCN > PR BN - miEh M B AT EZE B I ORITERMERE > ST H BRI
M E BT 2 UAV 280 SEskRT TR Y GPS~ IMU HEH Bt ERZ BN L w)aa(E -
et PUiEs UAV Iifisd = HIAY S A0 i 2 2 B8 e B E Al i i g0
Z—IEERAR - M BRI A R E DU UAV R B e /5 B

AR (B - DLE AT e R B E H B DR B = T RE i
ZERZ UAV 24 RIS AT (BN EER2 &R ) - BAE UAV A2 {EMERE
TN > AT LTS 200 A RETRTT TR =/ N I EUS U E— I8 T-70 Z — LS8 A
FNHAEENEG - BUERCRAZ = VPR A DT R N EREMS
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MRS B IO A 2 8 R > R n] [ERE SRS G B R B
HARRE > RRIEEFRE GO EEEIER G CBEEEN G T 2 —HEZ S
% o BETT AR MR L MR AT AR IS ¢

(—)

(=)

(=)

(1)

(1)

%)

s iiE - ACE R ER Z IR S - HEIAERA nI(E ] B B i
Pre A ATRERIG FRETHEE - IANBIAIERBRIBGEIY > AT RAHEHZ
CanonSDI i RB - (EAH 28mm JEREEEEH - M ARt R iR DL n] 7y
EEGEREGURE > R 6cm DIA > REERTE Y 200m~300m : [fiiHEi =2
GRREE 80% ~ (Al 40% - ZERIRE AL B LR B 5¢ Z fer Bl Gt
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