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Abstract

The northwestern part of Taiwan belongs to the Western Foothills Belt and is a
fold-thrust belt formed by arc-continent collision. A series of faults and folds are
distributed in this region, including the Hsinchu Fault, Hsincheng Fault, Touhuanping
Fault, and Chingtsaohu Anticline. Among these, the Hsinchu Fault and Hsincheng Fault
are active faults with the potential for significant earthquake hazards.

In recent years, although there have been applications of GPS and precise leveling
to monitor surface deformation in the Hsinchu-Miaoli area, the focus has generally been
on the continuous fold-thrust belt including the Hsincheng Fault and Hsinchu Fault,
while the coastal areas and fault-covered segments of Hsinchu-Miaoli lack sufficient
observation points. Additionally, while a few studies have utilized Synthetic Aperture
Radar Interferometry (INSAR) to investigate the relationship between surface
deformation and the tectonics of the Hsinchu-Miaoli region, these studies have rarely
addressed the coastal areas and fault-covered segments. This study aims to use
Persistent Scatterer Interferometry (PSINSAR) to analyze surface deformation and its
spatial and temporal variations in conjunction with background structural exploration to
understand the deformation mechanisms in the region.

Compared to traditional geodetic measurements, Persistent Scatterer Interferometry
(PSINSAR) can provide wide and dense high-precision surface deformation data. This
method overcomes the limitations of inadequate or unevenly distributed observation
points in the study area when using GPS or precise leveling. In this research, Sentinel-1
C-band radar images from both ascending and descending orbits between 2015 and
2019 were processed using ISCE and StaMPS software to obtain average displacement
and time series along the satellite line of sight. The results were further separated into
east-west and vertical average displacement components and combined with previous
research profiles and seismic data for comprehensive discussion.

The results indicate that there is no significant change in the velocity gradient
across fault boundaries within the study area, suggesting that the main structural activity
is not pronounced. In particular, at the western end of the southern limb of the
Chingtsaohu Anticline and at the intersection of the Hsincheng Fault and Touhuanping
Fault, higher velocity fields are observed compared to the surrounding areas. Both
ascending and descending displacements show motion towards the satellite, indicating
uplift deformation dominance in these locations. The highly deformed area at the

1]
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western end of the southern limb of the Chingtsaohu Anticline coincides with the
location of a blind fault. Based on the right-lateral and uplift displacements and
subsurface morphology, it can be inferred that the subsurface features of this highly
deformed area are positive flower structures formed by a right-lateral reverse fault.
Similarly, the highly deformed area where the Hsincheng Fault is intercepted by the
Touhuanping Fault coincides with the seismic reflection profile of the Touhuanping
Fault, suggesting its reverse displacement nature. Based on this, it is inferred that the
local uplift deformation in the highly deformed area is a result of the combined effects
of vertical slip along the Touhuanping Fault, northwestward reverse slip along the
Hsincheng Fault, and right-lateral movement along the down-dip side of the
Touhuanping Fault. The stress convergence in this region leads to more significant
strain accumulation in the subsurface layers, causing upward arching of the strata and

tensional forces on both sides along the major axis, resulting in opposite displacements.

Keyword: PSInSAR, Crustal deformation, Hsincheng Fault, Touhuanping Fault,
Chingtsaohu Anticline
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BROR ALK Bk LE SRR T34 2 %
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Y78 5300 E P Y EF(Z K E 020020 He L E 2 2003) 0 ¢ LB RS B TR
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o' = 7 4 % (European Space Agency, ESA)" & — %.(Sentinel-1) s 5| #mE » 14
NASA ¥ sk #4 § 1 H 7% 20 7 (NASA’s Earth Science Technology Office, ETSO) F# 3
2. B R 425" 75 ISCE(InSAR Scientific Computing Environment) 2 ! + # 2 4(Rosen
etal.,, 2012) » % & MATLAB * # = StaMPS (Stanford Method for Persistent
Scatterers) kiE # 4% A g8 UfEE ARV ETREFER A -

3.0 & AT EE i
= 3t j2 7 i (Synthetic Aperture Radar » SAR)Z_— & 4 & T B4 = H & 3L
T FETEL LY BRI BRIy P EF SRR ELOER
A0V REARGPAFRS 2 Fped o At v RN E b FER SR ER

£ Fa XA G REE VI EIA L ARER A v AER

EFELERRF DTN BERFETAR o - A I TAR S P PR R Ax
% 0 F]pF HIL S F 2 (Real Aperture Radar, RAR) % P> 2 2 8 4 » Sl 2 4
') 4-SAR B R B XA WS FE P F TR A g L9

THETRAEFNEAIZS A 2 SARF R HE I FFLEF S » £ 2 X AR
3-1) 0 F TRk AR T2 X AR 0 SAR 4 i 4 2 R R AR P o
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B 31 2s 2 RITT L BIGEE D HhE5 > 2018) - La B % S enk B > LS{fu:.ss
P sz Beapegp VAR PTEO8F 2w o Ple P2 L3 otz
B o0 EE Bt E > Q H A ek S8 o

Ban A EE o SAR AR AB B kol A 15(4 3-1) 0 2 Rl & n
FERL G ARDTHEN S o REARLRTE N AR T XRETE A
.

BAERTEANE B LB RIS G F S AT R B G il 4

4 3-17i7% 2 SAR i 2. L3 -

i HE # £ (cm) » btk bt E
ALOS-2 L 235 8~70 2014
RADARSAT-2 | C 5.6 10~49 2007
Sentinel-1 C 5.55 20~46 2014
TerraSAR-X X 31 20~45 2007
COSMO-SkyMed | X 31 20~60 2007
PAZ X 31 15~60 2018
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311 &3 EFiE* % (InSAR)

HEELFTE TEY £ A3 EF &+ H(Interferomeric Synthetic Aperture Radar,
INSAR)RIZ j& 5 W ML R iR £ BB LH B - SAR e ® Bl P @ ¢ 4 ¥k
7 42 (complex data) - i 5 H 4RL4F # 7 L (Single Look Complex, SLC) » # # 4 4= tf
(amplitude) 2 2 4p i=(phase) & 3 & > Jrtg 4 7 Wik 333 > B AR T M
A don §ERBATE AT F PR o INSAR FE A 2 R R A E 2 T
M EBA D S FATRT B oo d P B TR A 2 4 g
Lo o%a g2t PREFHEALGZFOBFPH G PEFKLZ AT
o BPHGLR32 A A R EFF R FTARFIRNZZEFEE B i ALY
Ao FFenfedt(AAME) o 5 R TRfehz 44 >0 ZBPI8F4E o1 5 %- B
AT G BEZ FEH 00 F F - B A RI oo B2 JEHE r 2 JEFEOLE o H L
FRER ZEFH PR

k4

€ y >

B13-2 &3 mdd= M mT L BIEE D #E%E > 2006) -
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312 &3+ §E LA+ (DINSAR)

& X3V 2 g i £ 4+ #(Differential INSAR, DINSAR)HLiFs: # BLE % e P #) e
BIFR G AP R > ZBA Rk R A B IR A R FEEFRE A B
EFER o B b e AN i Flpt e A04p it * 5 DEM i {7
Wt o M HCF WY B85 0 DINSAR £ipl =4 £ 2 2 % 5 AR f# 4 (Line of
Sight, LOS) -

Heddp a2 BBl AR 33 - A:EFFG FTAFIMNZ Z A
B OBLAM OBLHAHARZ TEAE O BIAKAHAKRZLEALAE 0
KT sfok Rz Ak > O SRR BE T A ARI|E G B FERZ HBFFR
BoP LG PR K AL Ay BT A5 B 540 e R AL Ag e
PR T AR A e i FI AR € A2 B E 0t AlAgip
A TR v,ért ArAz 3= A5AR i+ dtengs £ T T R A AT RA
FE> b g it (An)PT A A ahF e i e

FHE Y g PR T B ono RS iR BEEAES
i 0 Jp A % & 4p =B B (Phase Unwrapping) » 4 & & 3 & # =4 £ (8] 3-4) >
AR od AR g e ] TR d i T omo FAPMGE 2 e < < o Blde
FPRESEANFTETZRG- LR L RApCERSOESELE

DINSAR i¥5 - f et plE 332 > HFAT nE 20 % Bk
R RIE RS S LV Lg ok 5 s o A5 DINSAR = e B 2 pE R AL AR S
TEASCEUHAEG M R R SARB ST & T L 6 7]
2 AphE A ERT P E L P Fpt b DINSARM: ¥ F g &% 2T R HELEH F oo L

=

FRULEARRF R T o BT A SRR 0 2 B AT A f R

PE BRI GETLITAOG R -
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B33LXmgdLnHSmn L BEE A #E%E > 2006) -

Wrapped i

(radians)

1!

-

Unwrapped

(cm)

2.8 (- “““I“:;‘-‘ -------- S
0 S . :

DISTANCE

W34 4p B B 7 & WG B 55 0 2018) = 2 Cik A5 6] » fin Flom hjp 2%
A E (2.8 Cm) iR BEE & B A o
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313 AL STETEFH (PSINSAR)
F AL & 2345 F &+ A (Persistent Scatterers INSAR, PSINSAR) 3 jisd
Ferretti et al. (2000) & £ = - A §7 %48 (Permanent Scatterers, PS) s P & 3% 41 » 11 2
/- DINSAR % iz f¥ (4 4p B B* 32 - Hooper et al. (2004)#-4p i £ 4 chf i de 2 4
1 A $7 5448 (Persistent Scatterer, PS) » i B % StaMPS =32 ¢ (Hooper, 2008, 2010;
Hopper et al., 2004, 2007; Hooper and Zebker, 2007) -
FARGTDRA AL  EFP v AR R B FE PG F B BEFT P AT 0
gt AT ETRAITHT bR T
Wi S g SAR B ik i Ap MR i
BLeffp i 0 AR B B R R A

FEERCEAZFH Flie 2 ST
REFIMEREEFATIRES 0 B

34

FBLIY L ASUB(R 3-5) 0 AR GER
B BEWRLE- LERPEN % F ol Ko FIT Rk L2 R R
RIS 2B T #-DINSAR 55 ¢ 5 d  fnke Ao e % x4 AR

BHEEAE TS 22 R o B RSB B TR ANE G H B F

o

HegavLrnyr Rd1 0825 GPSRARF I3

Tt
o o o ° '. P o o
- > bl A o ° - °om
SN oS N <4 v | & omm‘]\‘mﬂ%
e °® ® % oo
... ) .J ° . © 60
_'-r - A... . - "‘ _J.r . “ge
Acquisition 100 0 Acquisition 100

Bl 3-5 — HATHErdF A ATk SH4p o7 & BI(3F p Hooper et al.,, 2007) - (a)- 4&
B AP RER R (D)3 ASH{cE AP REFR B 5 -
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3.2 PSInSAR # {7
3.2.1 StaMPS/MTI
ARy ¢ AR+ StaMPS/MTI(Standard Method for Persistent Scatter/Multi-
Temporal INSAR)#% = PSINSAR - StaMPS ¢ Hooper (2008, 2010), Hooper & Zebker
(2007), Hooper et al. (2004, 2007)#7# 3 - 7 £ ’f % iE ISCE(InSAR Scientific
Computing Environment) ¥t /& 4>~ SAR B2 e (75 BJdZ » 4 = 5 338+ B 0 &
¥ % MATLAB *® 3 {7 StaMPS 1138 {7 PS BLiE B I B 7 4 47 0 2840 5
T 51]35,5}? :
1. #-3 3l 2 H 447 87 2 (Single Look Complex, SLC) 5 WREIZA 4 5
& (amplitude)®> < ~ 4p + 1+ (coherence) #’ i§fr4p i (phase)# i o
2. KB RPN E pF Y i PS iz :E gk(Persistent Scatterers Candidate,
PSC) -
3. 4v o #iE B 4213 (Digital Elevation Model, DEM){r4p = 3 345 ' 41 PS 2k
(Persistent Scatterers, PS) -
B-PSELAGpZEF o
= & DEM 3% A4 #734p i o
o E 4 F TR Ep o
A4 LOS = % thp & 2 B if o
A4 LOS 2 v £ 8253 B3 o

© N o a b

322 FASHEER

DINSAR AJE 15 ¢ 4 3|55 & Bt~ 40+ B8 fodp 8t » PS BLE 48 e % —
W HE# PSC B - PSC & 7 #73 ik ER TP EFTANREE  fpifgTe
TETABREZ LA F LT AP o Ferretti et al. (2001)#% 11 5 & B tffrdp =+
PRGS EREFPGREHE T UL ELT AR RPE

UA

D, = X
Uy ;¢ 3.1

#9 D R A AR AT N LR A Sl o R R Y F B R
R R L, Tt B F B R T o
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Hooper et al. (2004)# 21D, E ek B 5 04 F DaE M Y E > P

Bd F B R SRR B A AR i R Dy o

SR A eifoE ARE S PSCe 2@ PSC gheidp =84 & £ 82, & 5 3~ fug

#4112 DEM 4 (5 3. Z)m?‘f‘%"w @ o Flyt R ¥ PSC B (7 4p AR T A 4T
rLPeiE A PS g

Dyi = Q)def,x,i + Dax,i + Q)orb,x,i + Dexi + 1y 32

He 19 RF 0 BRIGY & x Bk

Baefi L LOS * v & & %2 F jrenp =
Ogi Tt F 2B T e ndp i
Dorp i LML FUE FA4 F L endp iz
D, & DEM 354 T hdp i
Ny B2 0 fe 235 (coregistration errors)#: #k 2 (thermal noise) %
Doefi ~ Daxifr@oroxi T BAPM A B > Flt ¥ Bez;8 32 0% X BifE 57
s M- TPFIP 2 PSCAp iR L

®x,i = ®a,x,i + ®orb,x,i + Qs,x,i + Ny ;N 3.3

ﬂ@def,x,itti B PRI ?\%"%]F\ 3 A5 5 e PSC &L » p|-T 51

I DEM 324 #BABITHE 0 FIpr T Lk A2t d N 328250337

Qx,i - Qx,i = ®£,x,i T Ny — Ny A 34

St

¢ TT n+ (6 def — Q)def) + (6a - Q)a) + (6orb - Q)orb) o Fg & 3’%’1/ ~

EFALE A F T BRI R R Y] 0 D R R SR R TR ek

Ny PERR ] ¥ &% 733 > DEM ¥ 7

han
an
FIS

WLt A AL E A B
% AL T BT AL

Qg,x,i = BJ_,x,i X Ke,x N 35
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2 (Z)e,x,i’g\PSC 4P o BJ_,x,i’EPU%’—'& ZEECN Ke,x"‘?\LL Gl ¥ B Ao

E R e DEM L ehbl (% 0 #K, % » 88 347 B0, — Op; = By i X Koy °

it 34 ¢ o AP AP R EF AT By BIFEE Y B3 Bl
DK " r 3 ARG B N0, 0 BEn, #] > #0,,; ~ » Hooper & 4 (2004)4% !
% AR5
N

1 j 7 17 .
Y = N X z exp(Dyi — Dxi — Dexi)} ;- 3.6

i=1
By PRI X B e AR Bo LB E S N
FHBdE  BREFVRE-BREY AR EHPEFPSEKE N B
PSC chiy, i % 3t y* » ¥ T &K ix B PSC &5 & chPS 8L y, i 5 % B Sk
(PDF) % :

P(yy) = (1 —a) X B(yx) + a X Pps(Yx) ;3.7

P(vx) E_PDF e v > Pys(yy) £ PS ok ehi F e s qr > Bo(y,) 425
PS ik et F 4 3 fr B B FE 05 1o

do kv, 3T 0.3 BIPs(y,) #ABITH E » BB 38 BitaiR Y X ER
REY S @Oy v HFFRPPSHE I jzac BB {7 PSS E:

0.3 0.3
f P(yy)dy, = (1 — ) j P.(yx)dys 528
0 0

324 jpiE R
3 Kﬁ; it 3t DEM R4 f8 #7118 3p i — 4] 3w 4p =B B (Phase Uwrapping) 2
BB JE 7 R dedp = F (B 3-4) - #2 @ £2 DINSAR # [ » PSINSAR =4p = F 3 b

e Z TG BE A EFRFAR  BPpmy A E NG xfEE Z A

=

2
s B2 > Tt Hooperetal. (2004)#% &1 - A > 2 s AP R - k- AT
MKfRE o FAFEFBPSEALBEE Y PR GLpEL 0 T T

GEoF REE BRERP hS5 Y PSEEFApEY 0 RET ST PSEY B2

PR ARME cfp 1 T B IR B dodp R R 7 o
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32ADEM £ & it
A #iE % #2473 (Digital Elevation Model, DEM):% % » #7i% PS gLegp i

TR Q)gxl(DEM WAA G E) ) SN AT
Do = Pepi = (Ddef,i + Daxit Dorvxi + st,x,i T Ny i ;139

O i Bl WKy o3 607 FE LTI P 4 DEM 324 » 0035 250 36 ¢ 4%
FERABTD,  BEC BT ER AT LER IR SFRBRGE
%%ﬁiﬁ*ﬁiﬁ’ﬁﬁ?ﬁﬁi@ﬁwﬁiﬁﬁﬁ—ﬁ%ﬁi%o

3.25 % Fa R
AP EERES 0 & Qe frd v T RARMEAL 0 TN 39¢ ahibe i

i 7 B 4p B 32 A (spatially correlated error) » 22 v F 4p B (temporally correlated)
WA APy H o FEHE RS olicE > @ FPEF L hg i ik (high-pass
filtering) 2 2 7 @& + eni<id gk (low-pass filtering) » 12 & 3+ 7 B 4p B 22 £ (Ferretti
etal,2004) - Z EAPM LY > 23N 4p a7 P B0 frn, BT DV LvE R
PE 0 Dorp A5 R T 15 1B AF FEHLLE (precise orbit) > Fpt 3 B AR B AR L A & d

a,x,iﬁf"% RS BB E BT 55 WEEF e 7 PSEE LR FT A

Dot > @ FlepAes B & B g £ 38 7 A4 5 230 o

3+ L ¥URE
J€_PSINSAR § i 821 ¥ > %P~ GPS i 4§ =% [ 500 = = # R0 PS B £ T 5
B ¥ R-H 23 82 1 AR 4 (Line of Sight, LOS) > w57 GPS it i #k:# & 34 = 4p
B ALBI(F 3-6) ¥ RHE 7 - T G HE o FF A F FLE ABE 5 (orbital ramp)
fri &2 % F A o GPSHEE L LOS # w7 425040 ¢

[LOSaSC] [ SiNQgg * SINB,sc  COSAge * SINO 5. cos@asc] % 310
X .

LOS jes SiNQAges " SINBgps COSAges " SINO4ps  €OSO 4o

Ve
v

A7 af 04 n 5 s & F 2 & (Azimuth angle) £ fim k. 3 SER] ~ B &

(Incidence angle) » & 78 ® T & &rasc fo des 4 & AR
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« Ascending U
N satellite pass

33— O, Dcsc_cndmg ‘m&
\ satellite pass »* o
\, ,' d
\\ o I’
“ |
'y /
\ /
\ ’
\ 7 4
\ 4
\ 4
\ /
AY /
\ 4
\ 7/
\ /
\ /!
\ 7/
\ 4
\ II
‘\ II
\\\ I’
\ U ’
4
N\ i /
\ H /
\ 3 /
\ H /
\\ o I’
\( ‘9
"\ Qas¢ i deg
N :
\ H /
\ : ’
\ : Yl
AY HE
g sy
\ : 7 E
U »’

B 3-6 = e vE drLiE s BRI £ 2 BT L W@ A Fuhrmann & Garthwaite,
2019)

34z aw Ef3E
7] Sentinel-1 F: B 73w 2ot AT EEPIHE & F 3 5 %3007
BEGR > F15 BRS A5 R ARTE ST £HE F e FRLOSHE A
Hedde L8 vk BREM RN (Tungetal, 2019) » f28 1ot = = % ik B3
L& v i& B F(Ecomponent)s! LOS i& & Fenhf 5%

Ecomponent
7 3.11
B LOS(@5) - cos(Bys) — LOS - cos(Bges) +
€oS(@ges) * SIN(Bgps) * €OS(Bysc) + cos(@yse) * SIN(Byse) - €05(04e5)
LE v Eii%‘(ucomponent)" LOS :# & Hrehhf T3t -
Ucomponent = LOS™* + Ecomponent ° cos(qsc) * Sin(Bgsc) X312

COS(BG,SC)
He gpr @4 w5 s &7 =& (Azimuth angle)ss 74 § LR » 51 &

(Incidence angle) » & 38 » T ke asc v des & B| % 7 = #12 *F d o

37

doi:10.6342/NTU202304092



Yrg FI %

4.1 Fh B gL

AR R RASR T AR p B S 3 %% oo Sentinel-1 k Ak 0 5 2014
EF 2 YRy 7 2 A > F Sentinel-1A 12 2 Sentinel-1B = 2 C A B F i 7
ko Bdenl £ 555 24 o #FE #1734 (Azimuth angle) 12 2 fFE BB~ 5
& (Incidence angle)#uig 33t 2L % 4-1- 2 6 X R 5 A R > & #u(Ascending) &
*% iru(Descending):g 7 gLip] o F* 2015 # 17 3 2019 & 12 » = #, A6Q &2
"% 4. D105 9%’ if. o PSINSAR a2 i 42 > % 4R(multilook)#c P fdusg * + 5 3

B BARHES 5598
fe = g 'E A B 3E B 2017/07/02 2 2017/07/04 < AR4F 8 L (SLC) 1F &
3L T R A (R 41~ B 4-2) 0 2 % 182 f§= ju i (] 4-3):2 2 169

FrEELF R (R 4-4) 0 SAp BB enF R s Bl 45 B 46
P 155 18 PSINSAR &I 14 ek 45 LOS :# B 34 4-7 ~ B 4-10 #7% 5 &1
i 1 PSINSAR £2 LOS = & GPS i# A& 32 4p b 1+ 4c ] 4-8 ~ B] 4-11 #7771 5 &0
KIS ailiFms > v B H4cB 49 B 41277 » B d Ldw ~ L3 w2 LOS
RSB G o 28 L F e (B 4-13) 2 e (Bl 4-1D)E RS FE KD
¥ A R Y B 2 L GPS i 4 5k GS14 (120.9595, 24.8032) -

KAEPFAA TR R w2 dd v B3 Ti0EEF 9 2~-2mmlyr>
E%'ﬁ’?%j FE RS A LP RN o ¥ - 3 5 VERDA AB % ,40\\;1.“5._%':\.}?._3:

TR E > UE TSR L WITE R R € e A e R R L E e 2B

AH O RFENTSLA2BEERI G A PEAEEREF R B TERED o
A1 2 fe i ik FERGAATH -
= g Ascending) *% #u(Descending)
Azimuth angle 347.6° 192.4°
Incidence angle 41.6° 34.2°
Path 69 105
Frame 74 510
Mode W W
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1 ) & 1 1

Bl 4-7 #2552 $#1. LOS * = PSINSAR# B ¥ d P& 7R R ¥ > % d oo d
Au AT B4 LOS ¢ w3 & A5 4 24 8 GPS it =k GS14 > [z 4354
B % g LOS * w 1 PSINSAR {v GPS i# & 3> # 28 5 GPS -k L& & 3o

%riginal GPS LOS vs PSINSAR LOS (ASC) Cgrrected GPS LOS vs PSInSAR LOS (ASC)
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