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EERENI %:47(Global Positioning System, GPS)iE % i {iz A] £ (s I EA# & Eir
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FHEAL NG SRR THREE P ERFE R QMEZR —FZEMNE S
GPS+BDSTEF-HIEE K SEAEE L3 HI40H 19% kK 23%1FEF -

BRI - AL HMEEENARL - BREM RS - B—IFZEM ~ BRI~ FHEREL

VAL R AHAEREEZRTRE ko
R EES LAY
T £ » TEL : (06)2757575#63820 > E-mail : myang@mail.ncku.edu.tw °

1



B G Bz TR R SRS

Combining GPS and BDS to improve positioning
performance: application to geodetic monitoring

Dai-Yu Wu' , Ming Yang®>"

Abstract

GPS (Global Positioning System) precise positioning can provide accurate static and
epoch-by-epoch positioning result, and is widely used in geodetic monitoring. The BDS
(BeiDou Navigation Satellite System) has been fully-operational in Asia-Pacific region.
Currently in Taiwan, BDS can provide as many visible satellites as GPS can provide.
Moreover, both of BDS and GPS transmit signal are based on CDMA, which means
these two systems are highly compatible. Therefore, we expect to achieve better
positioning performance by combining GPS and BDS. In this study, we develop a
generalized computation method and use the method to perform GPS-only and
GPS+BDS relative positioning and to evaluate the impact of GPS+BDS in continuously
operating reference station (CORS) mode, in campaign mode, and in epoch-by-epoch
positioning. For data analyses, five experimental baselines which ranging from 50km to
265km were collected. The results indicate that (1) in CORS mode, GPS+BDS has
similar horizontal daily solutions as GPS, and is slightly better than GPS in vertical daily
solutions; (2) in campaign mode, for data length < 2hr, obvious positioning accuracy
improvement could be obtained by GPS+BDS. For data length > 4hr, GPS+BDS would
have similar positioning accuracy as GPS. For data length < 2hr, the required occupation
time for achieving a predefined accuracy can be significantly reduced by applied
GPS+BDS; (3) for epoch-by-epoch positioning, the positioning accuracy can be

improved by 19% in horizontal direction and by 23% in vertical direction.

Keywords: Accuracy analysis, BDS, Epoch-by-epoch positioning, GPS,

Static positioning
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GPS(Global Positioning System) 5 % 7 fir. H Fil 4% & 7= 09 & A £ X 3t 55 1l
(Geodetic Monitoring)” [-(Feng et al., 2015; Inazu et al., 2016; Larson, 2009) - [fj GPS
FEALAEARHEDHIHIERA - tRIZE R 7 =0n] 73 FsAEREE (i (Static Positioning) 2,
K2 —H5 272 iz (Epoch-By-Epoch Positioning) fi4H - F#I&E L7 48 R IREUE E H
I ST RSB RV FPRINEAAEE - EARIE RN R0 S a] DLoy Bdsr 48 A
#HZE 5 (Continuously Operating Reference Stations, CORS)fE T, » DL Kz B HIHS FEI# g HY
Hauh(Campaign)fi= o Z—FFZI7E i Al 2R SERF 2V 2 RS R E T
REHILE - PRI e (RS B e fr o T A i 2 280 SO IR ER 2 a2 K/ MERE - 12
B S Y P B S By DA R AR e e e AR 2 FR Y GPS TEfI e S Bt &
F R B R AT ERENE > (Rl GPS EABERTFEF AN B IR e i = Ay—(E
EHEVERE -

i E R R R - SE9 G B E NS BB 2K 2 BT 224 (Global
Navigation Satellite Systems, GNSS) > (& T H A& 2 {#E Y GPS 4 » fE=Z 1%
AT E ARSI 47 A R ZE BT GLONASS (GLObal NAvigation Satellite
System) 1 By ILH# 2 BT %48 (BeiDou System, BDS) © [fj{tf & A LUE#LE &
BRI E ASIESLLIA GPS B 25 250y Al (i B 80 #5 by s i 2 5% -
T ENDIEIE » IR LA B U BROlo th iR e [R145 & 26 B A8 e - TERFREE T HIER 77
Li and Zhang (2014)5% 545 & GPS Jz GLONASS EfTHFREENL » 0] DA E (k55
ZEF/N 10 A 77 A fEAVEUHIEF [ o Dawidowicz and Krzan (2014)7E 522 A 4FHY
BRI N ETTRF RN E - N0 S BRI R RGBS P 45 & GPS Ft GLONASS
A DU E LRS- A5 12— I ZIE AT HYER 77 Shi et al. (2013)45¢ GPS k2 BDS
BETE—IFZIEN AT JEFS: GPS+BDS 8 2 Z 0 LIRS E LIS 2 R - Capilla
etal. (2016) F&Et—(EE G F R ENE A E S E TEIRE B0 H R R&E &
GPS 2 GLONASS A DIUEFSHE A E LR AR - (eSO B v T EIGE & 2% B A
B ] DRI E AL 2L BE - 10 B AnE 28 & iR I EE L IR HY 2% H GPS -
GLONASS LKz BDS » H.ft GLONASS HEjEZEZDIAEST2hE (Frequency Division
Multiple Access, FDMA)RY 5 2R EAGE » FEARERE 7 20E 8 BB B 0 K A AR g
Fa 8 FE(Wang et al., 2001) - 1 GPS i BDS RIJE & LATE 5> 2541k (Code Division Multiple
Access, CDMA)Y 7 2B HEE - BUniE W{E R4 BAEE&HIHEM - #inkE
A EHIE GPS Bl BDS —#2 K A FRRN AT u G 28 RILAIT HiFE
&5 GPS LUK BDS sHgsaf 2 2400] » $ETENAE @ AR E A1 7 7APL RORS Bs
HEFER - 73 = (B FREAERET BDS NIAZ &2 2 ¢ 1. BRI E (i Y 4R
B G HRGE AR - 2. HNERERE (T RS B =CE (i R 2= 2 T AR S P
FRBUHIN R > DAR. GPS 1 GPS+BDS HYE fir i & ELEUHING RS EIHIRR G - 3. ¥
R —IGZEAAG SRR EE -
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1 AFg o d 2 AARBPI TR £

SEYL | ARRlE | BE&RE | BUIHGPSD BUNIERF R b
NCUS HFAN 50 > 2 2017/08/25 54
NCUS LSBO 106 = 2 2017/08/25 5%
HFAN LSBO 141 > 2 2017/08/25 5%
NCUS CKSV 239 2 2 2017/08/25 5%
HFAN CKSV 265 > 2 2017/08/25 54

B2 Asppsi=g o Hm

T~ &

(—) FRREA-EERLEA RO

FERCHR T > FIFIEE#EE GPS 81 GPS+BDS Ri&& HEHVAEE » e s
GPS K BDS ¥ HE IFENIRTHE R ARTEE - % 2 hEELRHSE 2 &HH
AR - 22 GPS B GPS+BDS HYIEILsR7E fy K SR asa TR AR A AR ELR S
REMInERY 275 A -
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7E% 2 ] SR B A B B A R ELRAE P B S IRV E LR B/ M 1 57
BN S HE B EE E A H A ES BN EFRHEUREE - HEE %R
EARE IR ZofE PR T [ HY RMSE B & Ry 4 N E - FES 2 7 A Bl R 7 A JEEL S N JE
BINEE A ESE T AEERENEE R - BIENS > HEAHEELERBHRE
FRHVZRAR  THAE VR T A EW&E 28225 - thgtiesh - & B8R0
BINER; - GPS ASHIHEARIEAYRE 2 - HEHF BDS AYIIABIE AL ESRALA
GRBENTTT - W H G TRIM P T R EVE LR & AT -

# 2 GPS £ GPS+BDS 2. # p 2

R SRIENLERZE (M) i EfrERE(m)
GPS GPS+BDS GPS GPS+BDS
50km 0.002 0.001 -0.006 0.000
106km 0.004 0.004 0.001 0.001
141km 0.005 0.003 0.009 0.000
239km 0.004 0.006 -0.009 -0.008
265km 0.005 0.005 -0.003 -0.009
Lo 0.004 0.004 -0.002 -0.003
RMSE 0.004 0.004 0.007 0.005
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(SRR gR) - RIS > 56 ¢ (ERFZIEN Rlsrmitie ] > Frp e sk Rk s
R 2R et B R AR EHE A RRAIEY 25 A 8HE - RS PR T
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T S 257 ~ SRR A 10 A RPIEE -

4 Ry B AEARHY PRI I ECR - BT EFER A GPS HYRER - a0 R
GPS+BDS HyBIR » Hrp » il BEirsiss - il RikifE > A EIBHEARARES A
SRIVIE LRI [ P51 - 5B (R [ERE R 25 BRARAE (T Hep 22 Sl PG - [ opm]
Eth > GPS Byt B AL AR R FEAHRE - B RAYARSR P Ay el 2 L &
iy > 1ff GPS+BDS FEAGRFEIPI(BI40 = 5 73 88PN gESe B T > Helrmiis i e
FGRERIAHBRIR % > (B EEBHRAIERGRTIFTTR ZR A HIRF A RE SE L
wL o BRSNS > B erEL > —FeE AR =R HE(ERIZIAVE 2420 A BDS
BHE Z RIRIABH AR AYIR S - (U5 GPS+BDS Fris Ay siisfEiEL GPS K -

Horizontal Convergence Time ( GPS ) Session 1

|

0.1

Horizontal Error(m)
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0 2800 5600 8400 11200 14000
Time (sec)

—50 km —106 km 141 km —239 km — 265 km
Bld 5 b fcarm

5 Ry &R GRN T B A T TR SO Rl PP (E A BRI T R B Z R - [ e
ol AR ] o R A AR RE - BEEMIR S GPS HEZWEIR - MERE
GPS+BDS HYRR - {EEF B » BELR MR SRR ERE T - HAEE
SR FEIE U s P PR E A EERHTBIEBAFAE - BRI AEGHIRAVIEN T - Bk
Rt g M BRERREE R RAEE - BEMS4E - GPS+BDS
M GPS (£ 7 [31 AU A2 5 51 53 B R 4 79.40% LK 65.62% U aRs ]
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15 Horizontal component 1.5 Vertical component
—GPS —GPS

— GPS+BDS| — GPS+BDS

0.5

Time (hr)
<}
(4]

Time (hr)

50 106 141 239 265 50 106 141 239 265
Baseline length (km) Baseline length (km)

B D JeacPERTiaEs & %

2. TE AR FEE B I R JEE 2 fofl (%

HAT— &I AVE 4 15 E BN — B 2 R E LR G AT E > AR/
EirPAZZEE T RIS RS Ry 1~ 2~ 4~ 8~ 12 ]2 24 /NIFHYENLEAZE » WHTE
firz72HY RMSE {HEsRIRVEL > Hr g rsiz2 B SR a5 et R AR AT E B
RPN 25 4AREE - RMSE (B AR ARIEAH FIE IR R  h ArA B4R Fr A i
LA ENLERZZ T RS2 o (8] 6 Ry e s 2= BB el R 2 Bl (% > (B TP /28 R Vi
FEHIECR > A1 Ry e 7 [ R, o Eop - Al (CRBUHIRF AR - 4etili &5 RMSE
B > BECE &Ry GPS YRR - G E Ry GPS+BDS HYRICR

Horizontal component Vertical component
0.04 P 0.08/ p
—GPS —GPS
—GPS+BDS —GPS+BDS
0.05 1 0.06
E E
¢ 0.02 t3 0.04 \
= =
[ [

0.01 \Q 0.02
0

0
12 4 8 12 24 12 4 8 12 24
Time (hr) Time (hr)

Bl 6 TimFZ PR E R 2 MG

fetEl 6 rrlE - 1 K ie U7 [mIHY RMSE (B # 7 £ E E i HHR f HER TT AE sk
HYsEh > l HEE B —E R EAVBUIR ]2 7& RMSE {EEA A ARRYEAL - fEE T
A S PR SR T ) L BUHIR AR NS A& AR E BT ER AR
Y5 B E BRI D NP /N (S AR )i GPS+BDS &3 A E LA -
MEE N EEE 4 NFELEAEL)ER - A HW RS R - {X& GPS+BDS
E1 GPS A LI E L AEE
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RDOP
0.04 v ‘
—GPS
— GPS+BDS|
0.03 | -
0.02 1
0.01 |
12 4 8 24
Time (hr)

B 7 RDOP & & p ¥ 2_ B 7% (265 = 2 )

7 By 265 /N HF4E RDOP (Relative Dilution Of Precision) Vi fH] 41 [E - HHr
foRil S IF ] - 4l RDOP B » BE&RUFR GPS » @4 {3k GPS+BDS - [fif RDOP /&
FAFE PV AR (NA-1)E2K © FHY DOP B3 _E5eEmavEl G nl 5215t E
fIAENE W e PUE 28R RDOP {EHY AR/ NKTEHRA GPS 82 GPS+BDS JE k5 Y&
% o B arEfERL(CF GPS+BDS 1y RDOP {H/NA GPS #y RDOP {H » [ Al FHHA
EEDHIEFRA /NS 2 /N3EF > GPS+BDS HYELIEE & GPS - [EHHALEMELTE
GPS #1 GPS+BDS E51H4THY RDOP {8 » B~ RIEEUHIIG I R ELZT] 4 /%
I THEAR S S A AR A E AR BRT—EeY ot A MR RIS -

(Z) B—HRZIE AL RR T

1.NCKU &1 GAMIT 1 GPS &2 & 2 il S ELi

Ry 1 BEAWTFE(E FHY MATLAB F2 (1% NCKU){EZ— 2 AL A5sE » Al
B PR EREREG GAMIT Frat R AR E L B R HEF TS - 8] 8~ 9 BUR 50 K 265
SSHEELR NCKU LUk GAMIT HYEArasizs - Hi /e -8 Ry Ve (L si 2= A pi il -
HAfedh b oy B AR m AL IT 1R R RIS T MRV EALERZS © A8 Rm i E LR =Y
el 51T - el S el o7 Bl QR A2 5 IR e (iR A2 s Hr ] - BE U3 NCKU
AN ER - A& RIS GAMIT HYRICR
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o Horizontal Error _ Vertical Error
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o
[N]

0.05

=
-

North Error (m)
o

Vertical Error (m)
o
- [=]

-0.05}
e NCKU 02 —NCKU ||
® GAMIT —GAMIT
-0.1 -0.3 L L L
0.1 -0.05 0 0.05 0.1 0 14400 28800 43200 57600 72000 86400
East Error (m) Time (sec)
B 8 50 =2 a3 A (NCKU vs. GAMIT)
o Horizontal Error Vertical Error
: ' ’ 0.3 ' ' ' '
0.05 | .
E £
5 5
5 o0 ul
- @
= =
-0.05}
® NCKU 02 —NCKU |
o GAMIT —GAMIT
-0.1 -0.3¢ J
0.1 -0.05 0 0.05 0.1 0 14400 28800 43200 57600 72000 86400
East Error (m) Time (sec)

B9 265 =2 A =% £ (NCKU vs. GAMIT)

ESFETE L > ARSI ENL R =R B 2 RNy » M EsE 5 E L]
SEIR N E I E AL AR 2 R Py IFE A api g (8 MBI T » HEs g I - e
R R(E OIVER T » MBS AR » (B2 E (R 25 Py AR
BN EA AR - EPNEETHINEE - #HEHTTEEEH NCKU B
GAMIT fEfH R A S 25 2 L Al & Ba iR Cn B R @ it ) R [E] ~ 5T E R
FrER FHEY L 2 A [FI SRR PTEEL - % 3 R NCKU Bl GMAIT 22— ZIE L
A9 RMSE {8 - SEE J5 1 NCKU B GAMIT (/5 RMSE {8 28871 > H RMSE &
HIZ AT 3 ANEDIA « MESFE 7R NCKU 71 239 K 265 A HE4LRHY RMSE H
BEETY GAMIT » HIEZET | A2 > MHEHEE =FREGIERAIERE 2 A
oA BRI ZE A B NCKU B 81 GAMIT AR {LAYRLEE -
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#. 3 NCKU 2 GMAIT »*i& — P 2 iz % 2 v' &

e B ETE RMSE {E(m) =2 RMSE {E(m)
NCKU GAMIT NCKU GAMIT
50km 0.015 0.014 0.027 0.029
106km 0.015 0.015 0.033 0.032
141km 0.017 0.016 0.039 0.037
239km 0.017 0.020 0.050 0.058
265km 0.020 0.020 0.055 0.064

1.NCKU tft GPS Ei4E& GPS fz BDS 7 Lhig:

FHAT—ETA K17 - NCKU 1 GPS {2 — R ZIE fiz_E BRI e GAMIT BA 1
ATERIAE © NIEEAEIHRF 734 NCKU théiey BDS Z & BN IE— LI AL R AT
AREFZEE - 18] 10 ~ 11 BEUR 50 k2 265 /3 B4R GPS B GPS+BDS ZiEfiLaiz: » 72+
2 Fo VIEE LR ZZAYAL AR > et St oy AR pg 005 [ RO R P T R E (iLRR 2=
HFE Ryt e AR RS - el Soteiilh o R RS TT MR E LR E K
Refi] > BE R GPS HYEALACR » ity GPS+BDS HIRR -

o Horizontal Error Vertical Error
. 0.3 E

E E
T 5 |
g = |
G o Lf | n
= 8
= S ! ‘
@ -0.1
- >
-0.05
0.2
® GPS —GPS
® GPS+BDS — GPS+BDS
-0.1 0.3 J
0.1 -0.05 0 0.05 0.1 0 14400 28800 43200 57600 72000 86400
East Error (m) Time (sec)

Bl 10 50 = 2 A 2 =3 £ (GPS vs. GPS+BDS)
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0.1

i
(=}
@

North Error (m)

Horizontal Error

-0.05

Vertical Error (m)

® GPS
® GPS+BDS

-0.3

0 0.05 0.1

East Error (m)

14400

Bl 11 265 =2 s =352 (GPS vs.

Vertical Error

Time (sec)

GPS+BDS)

—GPS
— GPS+BDS

28800 43200 57600 72000 86400

fefE 10 ke 11 el sd3i 2 A E (LR 2= - GPS+BDS e firatz=
AEATAE ER: GPS &) o ML A E Lz E P 5l E o > GPS+BDS 12 3E
R ZNEUREES N HEE RS O E LB E - (3% GPS+BDS E Lg%
WA - 2 4 R GPS Bl GPS+BDS JYZ —HFZIE iLp AR AT RMSE {H - [& 12 Jll Fyrff
R 4 HIERRAGBRTERE > FLrPdedl f RMSE {H - falilh AR - @ 12 f1a]
SEIHAR B AP AR T 7 » (035 GPS+BDS HYENEEE: GPS B - BAs =1k
ARG BRI 2 1% - rI3RER & GPS ke BDS AH#5Y GPS B ZAEE —
IRFZEALRER T - AT [ AR & R TT 1R 93 19.03%LLK 23.66%HY 2T »

# 4 GPS £ GPS+BDS *+i% — po % 2 iz = % 2 v

s | D RMSBIOD) |p o reoy | e VOB | o e o)
GPS GPS+BDS GPS GPS+BDS
50km 0.015 0.014 10.24% 0.027 0.022 18.22%
106km 0.015 0.011 24.27% 0.033 0.025 23.39%
141km 0.017 0.014 17.26% 0.039 0.029 24.59%
239km 0.017 0.014 18.42% 0.050 0.038 23.89%
265km 0.020 0.015 24.97% 0.055 0.039 28.19%
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0.0 Horizontal Error Vertical Error

0.05
__0.04
E
W o.03
=
o

0.02

0.01 —GPS . —GPS

— GPS+BDS —GPS+BDS
0
50 106 141 239 265 50 106 141 239 265
Baseline length (km) Baseline length (km)

Bl 12 & - pF%] 2 == % (GPS vs. GPS+BDS)

Ry THE R4S S GPS DLUK BDS Z &N EAMBENVRZE » ARSI AR E
fizHf - 455 BDS Z i st g H fgihs 1S s s b s =Ch s i i R e fir
5 P BAEDRIES i 2 B AV > DURR— W ZIELREEAE A BDS Z &Y IER
o IRIBEE R DA damak
(DIEEFHE AL R T » GPS 81 GPS+BDS @A K MR LIATE HE - £

& F#%F—20 0 MEiEiEEHIE GPS+BDS &S &Y GPS -

QEFFREE B EEE A - EEDRIFRITE 2 /NEFA GPS+BDS E#IHEAVEE A&
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Study on Promoting the Efficiency of Scanning
Buildings by 3D Laser Scanner Using Conjugated 3D
Sphere Markers

Lao-Sheng Lin"", Yu-Hong Shih?

Abstract

To scan the large scale architectures should not only choose the appropriate
scanning tool, but also, consider the amount of laser scanner station in the process of
scanning. The amount of laser scanner station would directly affect the cost and benefit
of whole scanning process. The 3D laser scanner was selected as the scanning tool to the
Round House of National Quemoy University, and 3D sphere marker used as the
conjugated marker between neighborhood scanning stations. Two scanning approaches
were proposed in this article, i.e. the most efficient way and the general way of scanning.
According to the experiment result, while scanning the large scale architecture, the most
efficient way can extend the scanning distance and take less time and stations, also
achieve the same accuracy as the general way.

Keywords: 3D laser scanner, Conjugated 3D sphere marker, Scanning efficiency

! Professor, Department of Land Economics, National Chengchi University.
2 Master, Department of Land Economics, National Chengchi University.
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Coseismic Grid Displacement Model of
the Semi-dynamic Datum in Taiwan

Shih-Han Hsiao', Kuo-En Chingz*, Kwo-Hwa Chen’, Yi-Ping Chou®,
He-Chin Chen’, Wen-Yung Lin®

Abstract

Taiwan is located at the boundary between the Eurasian and Philippine Sea plates.
The accuracy of static geodetic datum TWD97[2010] in Taiwan is therefore gradually
decreasing because the network geometry of the control points is distorted due to the
relative motions among plates. The semi-dynamic geodetic datum which contains the
surface deformation model is proposed to maintain the accuracy of geodetic datum. The
coseismic grid displacement model is one component in the surface deformation model.
However, it is unclear that whether the earthquake size is large enough and its location is
proper to build a coseismic grid displacement model when an earthquake occurs. To
answer this question, the resultant precision of approximately 18 mm according to the
analysis of continuous GNSS time series was first estimated in horizontal coordinate at
Taiwan in this study. Because only three parameters, including the epicenter, focal depth
and ML, related to the coseismic surface displacement are announced in the rapid report
by Central Weather Bureau, the background seismicity in Taiwan area and the forward
fault modeling based on aforementioned three parameters were adopted to estimate the
locations and sizes of earthquakes surrounding Taiwan which may generate the inland
displacement larger than 18 mm. Based on the modeling results, the size of earthquake
should exceed ML 6.1. The farther from the land area of Taiwan, the required magnitude
is larger. As the focal depth increases, the required minimum magnitude also increases
from ML 6.1 to ML 6.4. Finally, the published coseismic displacement fields since 1999
Chi-Chi earthquakes were collected to confirm the correctness of the forward modeling

results in this study.

Keywords: Coseismic grid displacement model, Semi-dynamic datum, Surface

deformation model, Forward fault model
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1. S

SRS E AR B AR R I H e HR IR EE A
T H A B S - L AR MBS - 2R Je e b S A
SRS AR IS AT 2 EHRTIE GNSS ZERHARE ST (PR B0 E £ 148
ol o 2017V 0 B EITE MR KA R 18 mm B > A A GNSS Mk (A
U - ATFSE 2 SR P R AR (M, B 2 i e S Bt A 2 A
BB » TP RS A S 37T 2 B Ry I B AR 2 (ML) - AT E i
i Wu et al.(200 1)t B{4EE My = 4.533 x In(Mw) — 2.091 ¥HIE S H FEE (M )i st
HrEFERRIAE (M) © FRF A Wells and Coppersmith (1994)f94% Bt 5+ 8 At F A1 f4
5 (MD)SL T A HIZ TS F(AD) -
log(MD)=-5.46 + 0.82 M, 2)
log(AD)=-4.08 + 0.69 M, (3)

H7Y Wu et al. (20012 > B4 =E AR My 5.0 & 7.1 Zf ; Wells and
Coppersmith(1994)f MD B My, BEE{A=CERER My /152 5.2 2 8.1 i ; AD Bl M,
BRAGIUEE A My /10 5.6 2 8.1 I - HFst B 2 BUEA B & EIREN - Eilst
BRI 1) MUFE 1.0 £ 4.0 B2 A& 8o 18 mm > H e
AT B EE > SRS - 7F ML 5.0 B4 8.0 Z &5 » SfEZRHIZRAL
BRETEAE R 18 mm - Kyl GNSS HGENAEUN 2 i1 & - HHEMHEZ M, R
TEEMEN - SUMERRM S - TERRAREEIEE T » AR ER ML 4.0 DL EZ
HRE AL FEIREAS RN RS i I A FE 4%

1015 RREEE L oS HE L

ML Mw AD (mm) MD (mm)
1.00 1.98 0.4 0.1

2.00 2.47 0.8 0.4

3.00 3.07 2.1 1.1

4.00 3.83 7.0 4.8

5.00 4.78 31.5 28.8

6.00 5.96 205.3 267.4
7.00 7.43 2121.8 4291.4
8.00 9.26 38850.8 135893.9

2. WA REAE

FERERE PREL ML 4.0 Z MU ZE SR AR 0T [ RE A L AL P AR AR s B 2 H e 4t
AR FEH T ULR S E 2 #thRE H ik P PR T & Z R SR Ag B EE I 1900
1 HZE 2017 5 H ML > 4.0 7 3#E 5 AalE(E 8) -
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3. B tEay

ARETEAVEE IR A R B R 7 M $5 8 M 5w (Okada, 1985, 1992)FfE1r 2
Ergsi sl AMim e e et S5t E R e UM% E - BRItk AR
T~ E T A S PR AE (R A58 PR 2 22 [ (half space) @ /MVERFIE £y BASHIALL 0.25
HS AT BG (Poisson solid) » B[JGEPEAS & (D) Z N BT VIR & () 2 8RS - JEEET g TR
(fault patch)YETfE /B & Au;(§y, &, §3) G {HEITE T m Ay MEAS R | E AN B
Au;(xq, xp, x3) » HEAHAB-3)FTHN o i 85 R 2N TERREL 5 vy By IEATHAME
FILRAY Z ERZREUITA 5 F Ryliti )R TIE RN
=1 [, duy[28, 28

o ouk
o, T RGg, 3] i 4)

BT EINEEEE A4 - B e R R R EMNE G > EILERT EHE
(B8 (EHRE - Brg %28 E s « Brg PrEirE (km) ~ 56 (km) ~ £ (km) ~
G (km) ~ EF() ~ HAC) - Hi o B PErEESESEE MR E B
R AR TR E A TV - BB R (ault slip)f e = (B 05 RLS
Sy, S3] > 43 RILLEEFS(left-lateral strike slip) ~ Zif#j(reverse dip slip) 5z {Hi5E(tensile slip)
Ry IETT A - R THEE S E R 2B G ) iy — R RG-S RE RS ES,
strike slip) Bt [E] 75 F5 8 (S, dip slip) 5 FEHETT K I EHOENES AT - A & Bk
FERSRIETSE(S3) - B &%/ (rake)femE g _LARAHSEIHY Mg 2 @) /7 1H) » HAIEr
J@/E 8 ZRf{# Yy tan(rake) = S>/ S; - #hERAIFEE (displacement) [EIBEELE = {75
Y73 &[Ur, Us, Us] » 53R LABR(East) ~ JG(North)8i F(Up) 5 1EJ7 1A » KA &
(horizontal displacement) I B+/U172 + U2/ 2sqrt(U;2+ U 2)

4. EhjgEERAY Y B g 2 B w BRI

AHIT7E 2 7 1 AR R BR ) B — (7 J i (single fault patch) - B 5% (M 28 2 5 0E
B {EgEe T B AR M R (M) FHET g 2% ] 2 488 =0 - — s R 2 8B =02 BR
Wells and Coppersmith(1994)AV4FEaT45 5 » 281 HR L SRS FHAS T 5K F 2HE
AETTERET o ITHVAE R - RIEEAHZE [EIRG Bk AT e ¥ 2 8 s 2 S VR B T4
sT TR ELEET(Yen and Ma, 2011) » ZRHAKETE 2428 - HN TR R SR
N ZERUE RSt E R (ML) - BTLARR e T YR (%=0(Wu et al., 2001) :

M = 4.533 xIn(My) — 2.091 (5)
FRFIES S BB FUAE (M)A R R R (My) © FHRIE T 41RR{%((Kanamori, 1977)
M, = 2/3 logM, — 10.7 (6)

IR AR RS (M AR EFE (Mo) » FR¥E Yen and Ma (201D it Z &g > 214
HIRERE (Mo)/INFAERY 107 N-m » RITETE R (L) ~ B (W) B R RE (M) VB (A0 T

logL = 1/2 logM, — 8.08 (7)
logW = 1/2 logM,— 8.08 (8)
AIRHNAE AR (M) AFS 107 N-m » HIIETIE EFEE (L) » 2L (W) BB R (Mo) IV BEIA AT T
logL = 1/3 logM, — 4.84 9)
logW = 1/3 logM, — 5.27 (10)
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—EiEm B auE s - XK - BE - 1E - ER - HA)RE - 58
& B4 & (fault slip)fJ3% & 1 » #R4% Kanamori (1977)£2 I E4E(Mo) ~ BT E /B2 £(D)
FIETE TR (A)RYRE % -
M, = pAD (11)
oo p BETUIEE (rigidity) - HAEA 3 x 10" N-m? ; B HE(A) 7] LLHETE &1
(L)ELET RS (W)ISRFE KT A% m DAL SR e 1 s R RO AR (ML) ¥ e 2 B e v
“%E(D) -
FEAARRSE TAEE R HIEHT — B A =B 2 e KRS E R S
GNSS ik 7 AAAEERE R 18 mm > [RILAE(E BT g ISR T Bt R A & (5T
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(strike-slip fault) »
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5. B RIRR Bt R MR Z s

A e B RE A 1T (reverse fault) ~ IEE/E (normal fault) BLE [RI7ETS &
FE % (left-lateral  fault) B /5 F41 fg
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AW FEE Sethi i e B TIEE BTS2 R B B2 5 - B B
ML £y 6.6 > EJEJEHED T L EALF2(23.60,120.70) - EfEEHELHE 18 km - Eif&E
30° - EnfE s 30° - S E i EET g 2 B Ets K 90° (ST - IEETEAIS
-90° (%i1EERSE) - CLigH [F]ET e 2% {my Bl jE AR 2 A (i e I IE BT fg i il 2 it 2%
I E(E 11a £ 11d)- F5HRNE N aRE/K B SE0E E B85 2 EEHER 5
iy -

PEE LSBT a I E TS R SR AR - [FRR Rt E R
My £y 6.6 > EJ&JEHED T L EALF(23.65,120.70) - EfEEHELHE 36 km - Eif&E
90° - EjE i 90° - 5 E el /g ats fa Fy 0° (M=) IEET e A Ey 180°
(42 ENIE) » LRI [ 5% oT Bt 7B AU 7 295 fEirled feg A TR B g P i il 2 sth R fir
BE(E 12a £ 12d) F5HNE A ERE/K LSS E0E B85 2 @ EHE R
S

PRIEL - RIE DL EAVIEADHIEASE SR - AREH5E R B e s s th it BB R 2 5
29 (BT EE BB E BB E e R TRE Z IR TAE -

6. Erfg S Big=aE R BT

T B IR 28R E T B B IREE ML > 4.0 ZHESER
SEE R I ATE RG] 9b)KELE - AR A A A LA E 2B i fOE i i
kﬂﬁ%m%éffﬁﬁzm&z@ RN A S - B ErEEmER N
& 9b & EFEREAYARE U T AR R - R RE 1 AEERE —HEEIFE
B EE A REMNEE - AIHEREM)ETEOE - BFE 4.0 145 8 >
5 My [EifR Ry 0.1 - EHRRERfE A Al e it 2% » JRE]

Dep < W x sinf (12)

Hrr > Dep Flhfg2a% - W BETEHEE - 0 KErgldn - Nl Emef nat
BRI - A A 1R R %R R RN BRI 5 o SN SR R — B A AT
Félzé’]ﬂﬁ%ﬁﬁ%i A 4 (E LA _E BRI E E L e KRS B AR - Al 154

R B R AR VIR S G H GO - S 2 R E RS A B RS
Ziﬂl)? EUEgﬁ*fﬁ—ﬁﬁééﬂﬁ?ﬁ%ﬁﬁZﬂﬁEH;LE{XI&?%—

ST HYE B AR E - N EE E ARG E ) A R AR - r PaAE [ - T
R [ 2 #5S 2 Ryii ETETg - SEAEE AN/ Ve A i EETE(Dip > 45°) » ZRIMN
R B A 2 S T i R/ K S RS &2 Bt AR IE s TR 1y 58
—HE g 5% 0 H) ~ A B E S AR E Ry 30° ~ A 30°BLETE A 90° o
NP EZER ~ PHERE R VR ~ PEECRELRY ~ BRI R B me A fe B R I LD
Z il - B S — A AT R PG E MY AE [RE TS E g Bt I A A iy 85 4 7E R
(A B AmIE e RAE R 90° ~ g 90°BLETSF 180° - Er{&fE 2B R ILHD
HEAIT-FRIGERNFERRE 2455 5 - NIRRT St B Z= B o maRe -
FEELTE 121.3° AR BALREE 23.6° DAAL AR » AR g s =408 [H) ~ (A Sl e
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52



i~ SR - BHEEE - R - RIS - AocE

EEL R RIS R ST - RSB R A b i e et
A 30° 5 JER5 A 90°) ([&] 13) » ZATE & E £ /KIS E AR 18 mm i
RIS 2/ DI ML 6.1 PE&E R FEIRF S5 1 7E 2SS R LYFREE ML 6.1
HUMNEE - RS = SR, - RIFT RV E R R (8 13) & B4R S & 73 Al
fHHL 10 km ~ 15 km ~ 20 km 83 25 km FYEJREE R E(E 142 2 14d) - BURBEE %
FEREE TN » 2B FR Y s N E R EREE ML 6.1 124 My 6.4 < HR4]

2ETEILEM S B i R R RSN BRSBTS/ NN 15 B AHE
JRERER - EETEE I EERE 2 VB R R AR NI - PRI EE IS - 2504
FEERVB RO S AR K 25 km ([8] 14a 2 14d) -

HIRIEEE A2 HEE ETE £ 90° ;5 HA 90° 5 /B4 180°) 2 i (& 15) »
A] bR LA S 4R BB T R R 2 o0 AT BN E— 2B e E
1] 30° 5 A 30° 5 5 90°) » fEMAHSEELE T INEEREE - HEAEREKF
IS E AT 18 mm 23S » AIIEARE 2/ DEEEE My 6.2 3577 BIFEEL 10 km~ 15 km
20 km B 25 km PYEJEERE (B 16a & 16d) » 45 RFERIEZE SN - =8 HE
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