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Abstract

Interferometric Synthetic Aperture Radar ( INSAR) is an extended
application of traditional radar technique, it makes used of the phase
difference of radar echoes at two different satellite positions to extract the
3D information of the surface. In recent years, INSAR was applied in
many study fields such as earthquake, moving glacier, volcano
monitoring and ground feature classification in Europe and United State.
The characteristics of INSAR include to monitor the change of elevation
and ground deformation, to acquire the large scale and highly tight spatial
point data, continuous measurements at different time, easily and fast
retrieval the image data, high economic benefits etc. It play a more and
more important role in remote sensing for the extraction of surface
information.

On account of many high mountain areas and vegetable cover areas
in Taiwan, it is difficult to extract the high precision DTM and
deformation information of the ground surface. In this study, preliminary
application and development of INSAR technology as the main work, first
in central Taiwan and interfering in the ground cover for a description of
the relationship between the outcome of comparison, and then used it to
Chi-Chi earthquake surface deformation detection. On the DTM
generation, the results reveal that the interferogram was not significant
and image coherence was low in mountain area, because they influenced
by the relief displacement (foreshortening, layover, and shadow), these
cause the root mean square error (RMSE) of DTM was unexpected. On

the other hand, we detect the Chi-Chi earthquake’s deformation by



Differential INSAR (DInSAR) technique. In central Taiwan due to dense
vegetation cover and changes in the earthquake did not produce relevant,
making the east regions of fault due to low correlation can not detect
changes in the situation, but the west of fault is more flat, the amount of
change is small. Therefore, radar interferometry can clearly detect the
deformation of surface.

As the processes of INSAR are complicated and difficult to be
understood, most of the team are processing software package. To
effectively promote the applications of DINSAR, this study mainly
applies the public programs (DORIS & SNAPHU) to modeling the
processes.

Finally, temporal and spatial decorrelations of radar signal have
prevented INSAR technique from more frequent utilization. An advanced
INSAR processing technique that tracks the signals of discreted
point-wise targets called Persistent Scatterers Interferometry (PSINSAR)
Technique was herein applied to our research area in order to better
understand the deformation patterns. Thus the PSINSAR method allows
us to know the deformation of these discrete points that were minimally

affected by decorrelation of radar signals through time.
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RADARSAT-2 # kit 11 A AW 2 X 3 & OFEREFRE - P
T SR O U F] 4-12 ) BF 0 it 8@ RADARSAT-2 8 7 {
4 3L

RADARSAT-1 &2 RADARSAT-2 5% 54 » e P 3£ 2 X iz 2 X pF

LB d AR T b LR SRR SRR KR AL Sk
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TEBIR RPN & BTSSR LT o8 B o £ 24 5 RADARSAT-2 p* ¢

2. SAR & Lt 0 T AL ’\;j‘rii <http://www.radarsat2.info/> °

# 2.4 RADARSAT-2 g~ i\i 2. SAR k BuiLtt

5.6 cm(5.3GHz, C-band, ¥ #% i+
B & HH -~ VV ~HV -~ VH - HH&HV -~
VV&VH % :E 1)

PIAR & 3b = % RIAR & ST
wE B R 798 km(74 i F 3)
Fug £ ikl 24 %
f3247 B 3m-100m
Bf? o~ b d 20° — 60°
Bt ) % 20 km x 20 km — 500 km x 500 km

NASA ¥ NIMA(National Imagery and Mapping Agency) & {£>+2000-% 2

VIl F R ERE T XABKRECAKSARZ BT &+ H Kk AT

SRTM(Shuttle Radar Topography Mission) » i & 212 * Z 3 {*SARJT i
EFr A 60°L 2 FS56°F DTME A2 > & 3T 23 e d3DFH - H 8

ML i AR NI0Om AERBEPN N2 FEFAL30m FRULAE RS

90 m e A 1R 2 EaEe 2000£20 22p Bk EwF A F LAY

<http://www2.jpl.nasa.gov/srtm/> o
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ENVISAT 5 %+ 7 5% 5 2t 5 BERS-1/2 2 3 RELRI T 7% > > 2002
&30 srg itk ENVISAT 5 - A B F# ik > #(75 &% 800 km
€ RELPIEH 5 35 % (F ERS-1/2)cENVISAT } £ gty 10 B2 - H 7
e - LAV EEE % &5 ASAR(Advanced SAR): 5 fi&ib G o £

2.5 5 ENVISAT p* i‘i SAR x SuiLtt > B 2.3 5 ENVISAT #&E it 8 @

7 &R w53 <http://ENVISAT esa.int/> -

% 2.5 ENVISAT {2 SAR 6 SUAHLRR

5.6 cm(5.3GHz, C-band, ¥ # &HH

4
rE & VV,HH &HV, VV & VHi% 78)

RIAR & S + B4R % %u( right-looking )

B R 800 km

FLE £ EF Y 35 %
fatr & 25m
B x b 15° — 45°
9t ) % 100 km x 100 km

13



- + M reblioliee (SLE)
Annarnating Maviaatisn £ 5 6 km ta 10 5 km
¥iTHH oo VWIYH or HHIHY rignaiies

resciution [PREGECH

B 2.3 ENVISAT f#% #4587 £ B

ALOS# % *t2006% 17 24 p 3 b=t % > #30 f £20 16 p 4% - W58
o ALOSHFE 5 P A sBPIFLH Y o | F 48Ky B EFRPD

B AR FL B CRBRER - NTERZEPARATEAALE - ALOS

e
i

N

FE G- CHEhFE > TI0HF691.6 km o B A EA £98.2° H
PUEFH 2463 » X T FERIL B2 TR 2 REFHMARZ FE

Y N

¥ 2L ALOSHFAE L7 = BERIPERE A Y5 29 LiER 2

[

P15 & (Panchromatic Remote-sensing Instrument for Stereo Mapping;
PRISM) » 4 & * >t i3 A2pl%g 3 A7 LR EIT 4k f &3 (Advanced

Visible and Near Infrared Radiometer type 2; AVNIR-2) » #* ™} Fg b 3
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BLR AP AL R (AR H 19cm) & =342 F i (Phased Array type
L-band SAR: PALSAR) > * * » % p& > = i3 p£ 3 jLip| - ALOSf#FE £ *
Bt E TR AT FE R RPN Fe TGS

% http://www.eorc.jaxa.jp/ALOS/en/index.htm o

PALSAR:Z - LA 2 A& NG E Pt ¥ EBR > G
o BRGIRENTIE FEILHR > * AEFRRERE T
EREa T AR LTS R E L E R o PALSAR#1992# JERS-1
LABESARF ERH st A2 > 7 S EPEE S R 2HES
I R R EZ A dpHES N & 9w 5 Finedp > 74 ~ ScanSAR4p # 2
;% ~Polarimetricdp #& = % - Finedp #& > ¥ x ¥ » 5 3 f3+7 ¥ i & (HH
AVV) 2kt (HHHHVRE VV+VH) = 8 > 2 2 B ia4e B A u 5 7
~44 me 14~88m (ZEP > ;4m B ) Bty 240~70km > ScanSAR
PpHEN TR EARBEPE R BEIHHAVV . H 7 FjE47
B 5100m > B tF % 250 ~ 350 km ; Polarimetricdp # > ;8 B> F &% 12
FovfhiExHEFTA SERRMERE > B2 FBEFAE L 24~89
m: B 520~65kme %2.65 ALOS PALSAR]?—T’”?-LSAR,]% s

B 2.4% PALSARFE G H A @ 2Bl °

-t E T M S R2.T
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#2.6 ALOS PALSARp i\" 2_SAR & SLHt

mode Fine ScanSAR Polarimetric
B 19 cm (1.3 GHz, L-band)
AR & 5L + B4R % $i( right-looking )
GRS 682 km
g £ EE 46 =
HH HH+HV HH
& it HH+HV+VV+VH
\AY% VV+VH \AY%
f247 R 7-44m | 14-88m 100 m 24 -89 m
B B4 8° —60° 8° —60° 18°—43° 8° —30°
Bl o) 40 — 70 km | 40 — 70 km [250 — 350 km 20 — 65 km

.

.

=

=

W e

-

_~""ScanSAR Mode

_“““wﬁsm 8

Polarimetric Mode (FB#1-#5)

::‘-C F.iine Resolution Mode {FB#1-#18)

B 2.4 ALOS PALSAR#% & H:8 7 R B
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#.2.7

HE : ALOS
ERS-1/2 JERS-1 Envisat Radarsat-1 Radarsat-2
£S5 (PALSAR)

#HEHE  785Kkm 568 ki 800 ki 692 ki 798 Kin 798 ki
% E C band L band C band L band C band C band
e 5.6 cn 19 cin 5.6 cn 19 cm 5.6 cn 5.6 cn

A& % AR AR AR &R AR AAER

HH- VV - HH - VV
HH&VV » HH&HYV - HV
=1t W HH HH&HYV - VV&VH - HH VH -
VV&VH - HH&HYV HH&HYV
&EVHEVV VV&VH
F iR 35% 44 % 35% 46 % 24% 24%
ARAT L 25m 18 m 25m 7~ 100 In 10~10m 3~100m
AR 23° 35 15 ~ 45 7.2~ 51.4° 10"~ 60° 20 ~60°
i 2 &3 g i 40 x 70 ~ S0xS50~  20x20-
100 x 100 ISx 75 100 x 100
kan? i i A 350X 350 S00xS00 500 x 500
2.2 BIEAEE 2 F B
TRl EFA RSP R IR E R R R RS P R o 2

WirE oy Bl - @ %8 o

JE50 # R A B4R ik 2 R EE > R S R E e
REDTRE O B o T

19 & % chip| B> 2 L a®

- Tt BRI R 20 ) & 30 & N * Sy



BenhfEHcE 0 B BB ARG 1 o 7
P BiESLS FHR o B EET g p B R P R o
23 LA ET R EART R

1951 # 6 ' % B Goodyear = & g L& I ¥ A F o7 Zecl g &

g

By

(s

Bfatrd ez o td WEREITEOTFETARL  SE R
X B 1953 & %4 DC-3 #4F 9 SAR ks #3]7 % - tF SAR
Pk 5 SAR Rz FEE %7 24 4A# ; 27 1978 & 6 * ¥ | JPL %
SR F % - 3E G SAR ¢ Gk SEASAT > 3% ik e3f 3¢ % ¥ SAR

Sl F R BRIATREE S Sk gR e

SAR BLpIM it L B A5 3474 2 HERBITAEAS 26 - 352
174 - £ A SAR = i FehE & p iRz — F R i SAR 4 73 1 4p 28
BAR i 4 0 ¥ P R 2 Frint A WA o A S BRI R AR A
RSB e o - BAG B A R ¥ & * ScanSAR 1 ITHO 0 i IE
oo XEL A REHE & FRTATER G L2 22 RS 1 N
%00 F - B S R A T A SRR Ao AR
- R W RS AR T B ERT T SR o TR B R SAR SRl

FE RS G R TRERAG R (2 LARRE QTR H
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Rl R RIEE B ARG ) AF G R A o AUFT SAR ik siRa

\\\?{y

B AR kg o ARLR D SAR FE 0 fEIT Y ARG ~ HE EPIFART -

SAR = - B L& ﬁﬂﬁf\}f%‘fﬂfjﬁ{ﬂ b P T BATE AP R
BT AT 2 g ,@‘g(kfl‘ﬁ; Pq}pvﬂ\.ﬁ/;}'*‘]"}"[ R ob > R B g
A A )xé/j‘ﬁ."ﬁ EFRAT LM G 1 2 FAES ~ 2 et ~ % F

i EPIFEL > N ED e g o

Flt LRI APE R SAEE S SR~ SAR & 0@ fR47 R S SAR ks
P  SAR A ZR* L-C-X & » BEP A P FT st
FFe oo RGBT P AL AEE B o 4R A4y SAR i Sug SR T i

331 &%35 HH-HV~VH 2 VV 244 {|* pHEA7 PRl iE2T 5

PRl TR TR L PR A PG FEE D
E% o SARERER R HL A2 57 R SRR ¥ 2 BRI T
Fmo Moo

00 SAR A ifir h- BAARA RAFA A RINAL - 8

FERG o TUER LT EFHREMSAR)Z Bt FEF R E
(POLInSAR)#/# 5 # 4% SAR 2 % & & 2 - ] 5 InSAR f2;&7 SAR #4 4
Rz (FARLAERME) 2 %P> & POLINSAR # ik o

FHM LG e s o VU RERIEPIS T 2 F AL 2 St
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%‘%.ég ’ ﬁ/{m(/ﬁ»‘f/P ‘%f"i DTM % wjic 3% /FJLM\;}-%B’»;}{E;L A =X

[Nafaly, 2004] -

G SAR B B BAE ¢ 0 4 AR ERE D - B PR g o
W AER E o RAPE T R R4 S g ey
P B U ASAR X SUL A1 4 4 X R i h onE B el
RALRE ML £ RIS ARG A SARF RS ST i 0 &+ A

EApv R o5 AR o

PO SAR © A LR E PHRT BRI TR £ &L B
$ SAR jisez R F FHRFEL LT AKRIET R P 2EF £ R R AR
DAREEFITREELZELRAARTIRAOERZPD F o FlP Y T RS
ot i A o HIFRE SR SR FFE Y 49 L RE 0 B SAR
At ERB L THEFAET ETE G LA PRG LA e F A

k #F§ SAR # 3 hE B[Wuer al., 2007]

"EF AT E R HE B G SAR ehiie R T R 3 IR G 3 $Tendk
Foorg LA S SHG s SR e B 0 3 W T LS SAR st
LR PE T SR BRI R G BB RO L V% > B3R SAR
fRiT R 2 AF SRR BTRFE P BB IR D R R S

& sk B 4 &p‘fg °
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d 12 F SAR z

BEA48% 7 508 3 SAR ¥ i
Pl Fa

$ord R P RA A -
P e £ A ¥ LT W Z 2F 2 InSAR %
POLINSAR 2 &2 § 45 & » AL % InSAR »S |8 A48 8 ¥ AL ¥ 23]
(% DInSAR % PSInSAR)
24 T W

il R AR5 AT 2 B
2.4.1 R ;WA

THEF HPATHEL 20 & 60 E R K > R EAF B TR P =
KEBp L enz AT 7 L ED B4
5 ¥R

WA e A TR o i S ¥ 23
> Aok & LR P 3k L

2 5k LB RNER 1969 £
InSAR $jt5 ¢ Rogers s * ** ¥t & A LR » * ko3 g b ot L Rehg i
ok w i [Rogers et al., 1969] ; 1972 # Zisk * InSAR ##EF * 3k & 5
S8R [Zisk, 1972]

NASA ** 1970 & = 7 3% DC-8 7 SAR i sLig {7 - i@ ¢ %
Graham B[4 *

POERLHE DT % InSAR & 7 250 8

ek
B3 fod e @
B 7 InSAR * 3t 25p| B chv (> T A F7 H- 4
L 2R eh g

| d
R ELR S
1974]°1986 & NASA ** CV990 & | %4t SAR

AR IEERD =
73 & 6 9% 42 F 3 [Graham,

it 74 L2 DTM
Wit EE-Fa HFH5 11kmx 10km 2 DTM F > H & % 22 2 @ F
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# % #7(United States Geological Survey; USGS)en% 3 5B 3 #24p +[Zebker
and Goldstein, 1986] - 1988 # Gabriel & Goldstein 14 = i 4 &g <7 SIR-B
AR BT - R ELELEOTRE S HE - 2 RE R

= ;Y4 = DTM[Gabriel and Goldstein, 1988] -

Gabriel :!;?ﬁi‘ A7 1% DInSAR Hjivv EHF cm %% 8 > &
By @ o 11z g SEASAT eng G A4 NatgF Hif @ L1415
tgF R LA F i R A A E o ALY > HI A
AANGH it HiERE > IR T AR RIE AT UL AL D AR

% [Gabriel et al., 1989] °

Massonnet ¥ f)4 ERS @&ty B (e eng E 8§ A A F g > %

;;LP DTM ,ﬂ “/‘P-v "l/ {)@;’ xff'f il féif'%ﬁf[é\ T.-_ﬁf"’ i%ﬁéﬂifggiliﬁ}‘
B o 3o @ Rl 1992 & £ W4e W B A ETE P F L RLETR 2 B e

Landers »* % 7.3 &3 & m% AL E o 3T ;E F R i % 7 I cm S
& [Massonnet et al., 1993] - 1994 # Zebker & A 4| * = #§ ERS & £ 821§ !
B g I R L A AT k¥ H A58 5 2402 7 2 5 1 p) 21 Landers
PR BRAE AT T GPS 2 DTM g o BRI F A KRBT 0L H
EIH SRR M G HcE i 0960 R EE BT cm AR o 1

WS F 5 MY BRSO EAE L B 0 Gy
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Bl kTR G a7 B P 0 1997 & Massonnet % 4% InSAR i
% 1 jp]4c ' East Mesa # #4 % e & 7 [5fi3) c 3287 7 @& * w t§ ERS fiFk
Pijo e P ifs 7S g R ZA LI S T SR A B
FERFRRIEE: EERRIE A S RBERERF I E S TR D
T fak % (ecm ¥ % )[Massonnet ef al., 1997]- & 2 B 5 Strozzi 2 Wegmuller
™ DInSAR H s & d @ 82 % F > 8B 2 T 8 (7 F P [Strozzi and
Wegmuller, 1999]; % 4 413 & 4o WA B AG R T 00 V) 2 X B F »
Las Vegas ¥ % % 3 & ~ |78 3 #7(Napoli)—# 1 & (Vomero) % 3& «i5 # %

&8 e e 3 [Galloway et al., 1998; Amelung et al., 1999; Tesauro et al.,

2000] -

42t H A4 k2 B oz B ehB % > 24 7 InSAR(DINSAR) % E thit

R R R A S LR SR S ) SR G S S L

=t

ML KRR @ bk F SRS AR ELEY S IR R EF SR R
2 InSAR(DInSAR) » fe F] & F &+ B (Fehl XiFF > ?‘,;iﬂ” PRASEF p AR
Bd B4 AR MEEEPRE T ot BT AR AR T s T
SRR 0 ot 2 (3R — M P A A H A (Persistent
Scatterers; PS)e# & ;2 [Colesanti et al., 2003; Crosetto et al., 2005; Lyons
and Sandwell, 2003; Werner et al., 2003] » /% & /% ‘]'5'3 AR A E MR R X A4T

SR F R G ARl Ao Bt AA#H Y 5 4 £ & chAtlantis Scientific 2 @
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B Uk # i A # (Coherence Target Analysis) 2 #ic %2 EarthView
InNSAR PRO> #Z#HHBEF T FPAMVW RS 2 4p 48 2P L2
(Coherence Target Points) » &k 4 3L 2 fa:8- L 4p = > j¥ A EPRA4p = L &
i it e d Mora® A #73% d)[Mora et al., 2003] -

& W DLR ¢ Bert M. Kampers # 2 % B 7 STUN(Spatial-Termpral
Unwrapping Network) [Kampers, 2006] » 3% = j# chi & 3F 2L 8 BK %4 FF
B SRR B Al 0 X A I s

SRR FEFEEOFEG IR RE AR A L
Bay -~ 1t ®Berlin ' % San Andreas = 0% 3 R B (TRFE 0 EET T B EH
mERERFN DT RS F T EFEERPE S R R VREERT R
Lz R * B kAT PS B A 12 AP RS DRE G VR
Wend & o A 12 A S EERT Y 5 A RNRR
e E ) Bl € IR G AR BPS Bhenfiin o

% & Stanford ~ & ¥ 23~ 32 % [Hooper et al., 2004]# * 4p 5 & 4p M
WA E s KRB PS B0 %2 3 F R AR TR T LA E R R R B/
P PS g (@ 205 R g F ) W Ao R AT L 1 i Alcedo X
L ER & DS ERERIE - GPS IR E TS RIE(EDM)H #) % %
BELAY FRARVUREFERELFEEG 8% NFAAMME - A {2

Hooper # # * 2R A 7587 S ofe; (S H AV RBPYF ) B 2

24



BT AR LR RT > T L% F L StaMPS (Stanford Method for
Persistent Scatterers) [Hooper, 2009] -
VO AFTEFHREET Y PP ABRAFgA el e R

o d ik sk S e L @R T R PR )

i
St
\Tq’\

W AR e A R - R o a e Eae o e

B A SR A R B 0 R R R 2T B R
PAAFT— RenipiR s SIS T EFEE F 2 > d N HE R o it
% T Ed A BAgEEE R £ (4 ,T%—k__pf'w F R AR TS
Tt i X AU IIELE hle A TR S jeaiE @ e 4p - F 3 [Xiong et

al,2008] > A= FARE S HFH > BETEF HER

242 Fp L

1997 # 28y % % - I F f A ETEF R RE 2 KER
Fe i (RN 40mx40m)e FHRFTRA G L 1996 %32 6p 27 p 2
ERS-12 2 8t AME Y T8 m~ kT % &% 204° B T 5 50
HEFREES RESF PR RISRLE LSRRG TR L
BFoo- b2 L% (A4 L% 3 RH4A0m) e HF sk E 8 R Suir2 it
7 DTM(40 m x 40 m)+ g > PR3 g o 0.1 B o i ph o F 555 7 3+

Boenifo w a0 A pE (55 - B 60 km x 40 km 9% ) > H B 42 RMSE
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L225m > 4o W4T RE EL s o RMSE 5 20m[E 3 4 > 1997] -

2001 # Mg % 1% ERS FAE SAR * HHilrte o oA R g &
F 2 DEM » i &9 2 % 4%ip) DEM i {7  $2 > £ 5 93,850 B £ fo $2. 8L > &
HRAL2 RMS 5 23.73m> £ ¢ § 86%: R 424 & 20m 4 p 2 Bhiz A

2

T AR P HE VARB ALY AN TN bR B

g

FREZEIRS S5 ~20m A AR EF A ERAGRIRBEBRLIR

oo gt Sm 2 BF[FUE K 5 2001] -

2003 & % % % 41% NASA/IPL % § InSAR i %5 8¢ 358 % (¢ 7
S B HECEREREEFTHZZLEA) ADEM A2 E At B A
% &7 » TOPSAR DEM e f2 4 $' 4 K& %4 DEM = & > 27 42 [
TR AEFHEFDLIABLIEI L FABLITRAERME DL F > FHRH L
HRMS B aTH BEE] » 9 1~5Sm> §HF0F 9 2,016km’ > 2%
B 120 F B e LB 4 2 0 B L 1.26% 0 EiEE AehB A )5 4

6.37% (R T 10) & 1822% (B L% ) [Hr% % » 2003] -

ALAR R FIB MARGNEAUZ RS 0 2 3 AL LT

O

B> @ivg ;mAFE S5 @ % DInSAR $FF s R0 5k %3 & g

BE T x % E EE AR A% [Pathier er al., 2003; Liu et al., 2004;

Chang et al., 2004b] ~ & & ++ % = & T H{Chang et al., 2004a]% 5 = 5
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“ [Fruneau et al., 2001; Huang et al., 2006] % -

Suga % 4 12 DInSAR Hoitv4t 1999 # 3 4 2 B 4 ¥ 22 485 2 &

tREFRE

k“\’ﬁe

i BT THEE SR BRE 2 RRIEZEZ GPS Rt
oo RV ORM E Y £ %250 2 i ¥ 4 [Suga et al, 2001 ; M A I o
2001 ; #rE % > 2006] - Chang % 4 ** 2% d 3 B LT ¥ % % GPS 254
WAL FTHBETEILTFHBV R AT ERIEI pantiiE% o H Y

FA B~ EX S Sem = +[Chang et al., 2004a] -

B TR G0 Liang & 4 2 DInSAR $4e80p) 5 48 4 Al K T
F{Liang et al.,2003] ; 3k @ & & A &Mt jbin a8 ® P F I EF R H KT

o g (3R 9 v £ 2002] 0 B @S D B RERPE] B

FTREEEEY BT R NAREREE[FEE 5 2001]

¢ 9 %0 DINSAR HAFR B 5 A8 REUFET A AA T s
LZ2 A REHFERES T R EHRL o 93 T ®° 0 FRE LI
FTod ML FRS CERET  ZFAFTEIDRAMRL U FELLT
el & PApE A > @ 2Yig A DInSAR e X Fanrlq] > po e gz
PWELFUPR 0 AR B A S0 £ A4 7 3 2P £ (Permanent  Scatterers
InSAR; PS-InSAR) > % fi#i-p % e Flgg - it { 7 f3 28 L ¥ B g B Uk

AR L FAE A1 2006] °
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0l e F S R E DTM Z2 ®z B* 3 @ » % ™A B
TG 2 iR P ERIFERER A - R BT REL S
3450 ATE R 0 FRA LB LR (PR EL RAUT40m fRiT 4 2
B DTM) deffiid i Frt e 1L oa s > T30 Sk 4 3 E@

GECEER 28 1 € R NIV Ea S R S VORI o R 9

Flot § EF IR AR R T Bty - Rehg i o Y R4
LI % o XA DInSAR Hirf 58 R0y b o BivE Adrd
f%b_g;,_gg,ll\y,g:rig\,%'iglgyg ER o ¥ AL ED @ggf?i%

R EES BRS DIAHBER RN AT R AT - T
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INSAR(DInSAR)# /57 3 -+ R 2 3R 2 DIM & £ %358 > H
HAREH 7 A s ET m 5 om o BARD W < M FER G LR
Fr#d ez SAROMFAE | ~ £ 8B~ diiss > 5 - AT

PEA NG ¢ ¥k P B o

InSAR(DISAR) 3 i & Jig # 3%k B if g B2 (h3p 12 JE 17 ands T i (7 &
RIE (B F At Wl B R R ) nE2FHAE2Z DIM A B

AR R BT ER B ARR BB AER U LERE TR

- ~DTM A ®|F 7

InSAR #4571 * SAR 4 B> P 5 4 chdp 3 4 0 B iE T HAIL kB
Bop Rz A 0 Tk 0 (FR A5E ~ 4 & DTM £_p InSAR Hjiss=

TERT L RDLE ¥ AR o InSAR PF iR 3 A3 oz 4R 4 S
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FHPEFHF D R RS HREFNTE m K OETREED

InSAR $#jis# K EB DTM 244 5 »e Fw A & 4 ﬁ;— CNBB LY

B % o INSAR 3 Y ¥~ f87F 20T L £ o

1% InSAR 345~ DTM & & il 4 Ry & e it > dod 2R ehim
fio 2 AP R R 0 LA HHE(DINSAR) &4 g B E il 0 T

ik £ B kR B A3 ehy 4 T8 o DInSAR B F 00 LR~ it 2

Friffefend ~ KRG IoR RATER (o RFH) F gl
FPIER G T RS R R A e o Rl R e - Bk
STREE O T PR R VLR LR R TR AT

LA RO N THA N AL

Bk d AN EIR R TR 70960 b BRE AR L A hE B TR
maAn tenX FRRAAAETEY ¥R EEFRTRFRT KiE&L TF
£t > SAR 8 72 F P BT B £ 2 — » 53 InSAR Hjlv > 7 ¥ 12
FRID A G P a8 B e > @ PV UELRID] S B ER 4 BT
ME s KA A S LN L BT oq S 2 MER Y 5

PIRFOFTY R AP AR POLE R P IRBEF B TR
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B4 okA > G o InSAR ¥ F S5 k¥ o

T 5 SAR #HjtrenidTa B > InSAR e~ 1% 7 §dw i enfp i3 4 > 7

FrrnZz23HFE~~a fFHODIM>a & E+F 0 4]* DInSAR ¥ Bl & mm

Ik

el %750 BT BRI E AL - BAE B PR

E—* j}t,{h‘ J]'J'IHSAR;B:/{*"'%-E’iFL’/ﬁﬁzzlwﬁ}\l"lﬁl PE:B—"

+b

[

< BAR EHR G P Tie- Kt o SAR B R Z K > Fh
PUE S A R R A kB DTM A R i § # 0 doii scie 1 1 of
P2 AphliE i BT R R R LR HE R 8 R R R PR St

S )
— o

Bs 7

~zh
2R

i

BB 4 B AR E (S % InSAR *F » -k #&p]§ ~ GPS ~ LIDAR %
BV L anFHEE B AT H E 44 GPS ~ LIDAR E AR HpFp

W R 2Rt [ A B R R R e
3.1 GPS % & g

GPS crfpft e iz— E A4 4RE B2 BB T PIATEHEY a2 2 > ' F
KRB A BLBIRATORCE ~ kA NN R L~ Bl AR e
ix ek iE > 1 GPS B RlaE S b AAR¥E A F e % 0.001 ppm i o
TN LR R IR S B e e 1Y TRE L ands B 2 > GPS
E;/P'J&%K/ﬁ; 7 'ﬁ %’-’1 F’]imi&ﬂ\é"w’»m = /? mé?“&-’ 7 5 i dr ~ «F E"l"ﬂi‘
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it T_i*(Real Time Kinematic, RTK ) 2_plzk o 27 &0 ~ BFFRF B H K
WEETR N R R AR Y > 817 Tepoch-by-epoch | fEE 1 EE -

PR a4 8 A %

(\J

FINERE Y e chEh i 3D Lo ¥ A

B2 B L TR GPS ERIERT gy E 2 FEF mBREE o Y%

1

Rl =E LRI R B GPS A e B2 5 B %]+ (GDOP) » 3 % il & & = 5 %/

14

LA F o FREY R j\@%}ﬁ/?]?ﬁ'} VR EN S WA

v GPS kL RFHE B ol R R o KT e AT T 1 ~
2mm/yr > £E 2w ¥ iE 2 ~4dmm/yr > R AP E AP ¥HHF R ¥ £ 0.001 ppm > i

—- HREET Y RTPA R B 2 %6 [Bock, 1998] -

NFCIRE LRI Y o A2 Te-GPSHEE S T pES Rk S
PAEAn AR TAML Y R E L ARARTE KRR E > F T %

chE F o2 % 5BE g #R AL 5k (Virtual Base Station,VBS ) 2. RTK z_iz P38 %

§ VBS-RTK 2 #_i=#f & A 45 & % @ 4v » ¥ & 4% 5 8 51 VBS 2 4 #5
(Rover)i= % #pEE 7 500 m 2. p ¥ » 12 VBS Z_ixHprie 7 4 #5 2k 2. RTK 2
TR OCHBFRVAETRHFARAP EARI(ZF) 3em M2 FRMHAE Y
AR () 6ecmz2 & fod 2 A AR gHhs RTK A=

T FEPI T 2L VBS-RIK f25 s % F4r > X Y Z &k
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FRANAYN £5~12mm~+8~15mm % +£4~8mm &7 I 2 VBS
TP R E Sk RTK AP 2 P EEE -7 12 & 5 [P 53R

4B P s, 2006] ¢
3.2 LIDAR % & &%

7§ LiDAR # PR AR s B E N Al 21 X kP
BE- fE2FTenE B> P a2 LIDAR #78 & endic (@ 8 A2 807 0 A fRdT R -

AR TR R T R R N L

AT T R K Ak AR URIHE B L BB RS

e 13
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NN
A
ﬁ
Y
bl

LiDARZ 1% 3 &3k dRFER ILE T s RIIEZL d e A R7T U@
FNEPAE G AN TRETB R EIP S BT H R
GPS -~ & ff 12 4 & si(Inertial Navigation System, INS)» #-= 3842 Hojiefs & >
EFREpREe v gEEE e A2 (XY, 2)28d4k 5 R85
AR TERE A B AR AR  ZRREREDEE R
B 1970% 1980#& ~ % B = 7 5, % (NASA)+#7 3 » FRGPS% INS% & » i¢ 7

HFE TR g T E AR TR I

2 LIDAR#H & el 3 27 B fE47 B ~ HAER - 8 i BBk ¥

SR B E 0 A D BRI T T LRGSR S A $ G
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DInSAR GPS# 7 ¢ LiDAR K pIE
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it g A gl * 2)
¥ = ] ; B ]
- _;JF Bé;‘ F::!F R e ~
e R 3 4 v ‘&
LEFTR # # # i
35 (14
R R 1= * T 1 &
ERS i &)
L8 Fit g
R cm % cm & dm % mm %
(AP R )

40




4.1 InSAR #-5%
% InSAR FALEP® » R RAATEZBPHGEIR > 7REE LSS

# #u;:% + #H(Across-track Interferometry) ~ ;i #3% (Along-track)* # 3 £ 4f #1L

ig ;% (Repeat-track)*+ # & = #& #i-3 [Gens and van Genderen, 1996] -

BHSA AN FRPFEES BT E AR - T2 ¥
ARMAHEINE R P B BF eI LE o b H - AN 0 A
B2 A s g iv o F v 55 TOPSAR k%2 SRTM %

SLo pt A B & > 4p =% 4R (Phase Unwrapping)se = ¥ iz = » ¥ jE ¥

BARTOR 0 2 dkihA RS AL S R EA T AR L o AR
gsLY o PIF LR REFRE L FARTER] -
R G ARG TR AEEA BT E IR AN AR -

|
N

PEL) o RHLRRTHAMABRRE A R 0 BT ER AN T
U R S RS R e TS % S S SR e R R S
BN A2 TP rL1 8 RALZFHEBREORFE o d WHFUBFRE

BRSOV A 2 489 3 (Doppler) 45 stk o 414 % R B R IE

"\

FHE NFMAREE o A AN Y 0 X R A FEE R A AT o

B L TA L A A A R RF] AP R R B E TR 0
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BB BAEES O BARE A AR EREATARIMRLIEEE
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WD o FIB~ffi= B € F A o R AHAER T A 0 BRI

4rERS ~ ALOS %2 RADARSAT % fFk% -
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Yol 42977 0 B A A ERR AFTABFIRNTEFEE B LA AR
B2 JE3E(AM)  H 2428 » 0 24L& »7r 3% - BXRI b 6 BAIEH >
SR BRARI S G SRS RS L oa 5 ARE KT RDL E o
g X AT - B oG BRBLR L B L @ 1HRAR L AT
IR EEABBIERI IR EL > TR/ L)EQRa(r+6)/ L)

ERRIE f;ﬁi&&%ﬁitﬁ_%u(zwx) » TLT N AT

2
p=—70 (4.1)

F1g A 3N 5 B b A RIBEATIE T R M s
WL BEE G20 APV F R A4 2 dpim L E S

22—7[25 s (4.2)
A P

ETTRS

PIFESLZ &

g
o=-— 43
47 (4.3)
LR 427 v LAAZ =90°—0+0 > Rz & ARTE T ET E
(r+06)* =r>+B* =2rBcos(90° -0 +a) =r’ + B’ —2rBsin(0 — a) (4.4)

A 1

r+0) —r° - B’
(
2rB

sin(f —a) = (4.5)
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r= o - B (4.6)
~ 2[Bsin(0 - a) - 6] ‘
d B 4.2
Z(y)=H —rcost 4.7)

2]-»
4r cosf (4.8)

2{B sin(@ —a) — (foﬂ
T

g dF HadTHY > B R R g Sl > g R E S sz

Z(y)=H -

43 DINSAR R A %

DInSAR HiE4f s 53 Pt R > 29 - KT HRF 5 7
o REAR 234 V- RFHEERVH RUHETH e 7R A2
oA R o R KT R T AL DRI 0 TP R R A
P @Reng R L EFR AR A N ELE o B AT ROEFR T
B TR LRI A G A SAILS E > F A 5 = f6[Zebker, 2000] > A

# e
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1. = #ui# (Two-pass Differential Interferogram)

PE G O DTM RS § - kT FE 0§ FR U Vo ER A
RHGA P FF L 2 2B RADOSARPGHAL % - T 5
FAE o KA g R AL RILETT T IS LRV E o AN LA

F HRILP o DIM ch B -0 8+ el g % chdd 3 R enlIT i

BF Z P DTM 914 4 chis 58 R & o 22 U E_DTM

= # "% (Three-pass Differential Interferogram)
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IR 2 el 48 27 F] 4 [Massonnet and Feigl, 1998] -

z i ;2 (Four-pass Differential Interferogram) o
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E]ﬂ f?“/f#‘ ’1, )1?_:19 v 1873 ‘Jﬁ‘fﬁ—q%’—] "'T}i 4 FT’#EI =+ 0‘*"%] ’ nz:v)g ﬂn’
2N Rgedl o AT R E D cm & idp 4 A [Gabriel er al., 1989;
Massonnet ef al., 1993; Chang et al., 2004a] - DInNSAR & ¥ % =4 & 7 »

REE e od EILFTERED ¥R E > AP L BlACR 43 7

gx“(

d Bl 43 7 BR A AR GREZ G LB 0BG Bld 4,8 4,
R E TR GREGT AN R AT N FRRe ARF A A4
Az dp R > B A8 AR T AR AT R A2 AR
B o R RIS AT Ay DRAH TS G Ay A e R

Wo TEEEF S AFBFERMAJE 2 R TR 2 DT AR iniE o




r; =1 + B> —2r,Bcos(90° - 0 + a) =1 + B> — 2r,Bsin(6 — a) (4.9)

2
ry—1 = B sin(6 —a) +
n+n) (rn+n)
e (4.10)
~—Bsin(0 —a) + —
2
Flr,>>B »
0 =—Bsin(0 —a)=-B, (4.11)
d BN B agp L EY AT A
4

b

ARHTAL PRI EE IR A AL PRELEN B T

, Ar 4 !
@ =-"}fﬁi—(%'+Arﬂ=>—jf(Bu'*Ar) (4.13)

!
AP RRVHEB G =L 0 By A RVHARNTFAE S Ar
PHARBERAES p F o

Fld 0 (4.12)F - (4n/ ) =@/B, > * »5(4.13)7 7 ¢
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!

, B
¢'= (B +Ar)=¢B¢+4—”Ar (4.14)

1 1 A

>y

TS A8 R HIOF AT e 2 RS (0T -} E G L

BBt AEH RO ) BEAURAFAURE T B2 fpinLiE

Qr= 47”B[sin((9 —a)—sin(0, —a)] (4.15)

!

Py :477[[B'sin(9 —a') = B'sin(0, —a’) + Ar] (4.16)

Ao Q5% 1B HABEdE o £0-0,=00 » BIN@A15)7 &7 5 ¢

4

@y == Blsin(6) - o +60) = sin(6, — o] (4.17)
£0,—a=p> R
o, :47”B[sin(m59)—sin S (4.18)

1060 B %]

sin(f + 00) =sin fcosol + sinof cos f = sin f + o0 cos f (4.19)
FF RA(4.18)i T B =

@ :%B[sinﬂ+56’cosﬁ—sinﬁ]:%éﬁ-Bcosﬁ (4.20)
SHEVHARALY I B> pids 28 5 1, =Bcos(, —a)=Bcosf >

PR (420)F £ 7 5
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47
@ :759-3LO (4.21)
P":' :_? IEI
' ' 4
o =To0-8, + T ar (4.22)

B
e (4.23)

B0 (4.23) 0 ¢ AR UHE R HNLT FRER A F2 fpediE o BT

PEHHE AT EARED » g E o
4.4 2 KA 7

& DINSAR RJZ ¥ » S S P fccni e > & - BEARERT i

é“ﬁﬁi’%Uﬁﬁiﬁﬁiiﬁéﬁﬁﬁ’ﬁlﬁﬁ%ﬁwaiﬁa

3 0 ¥ ¢ 3 B 2 E 4o [Pathier ef al., 2003] :
Ap=Ap, +Ap, + Ap, + A, +Ap, +Agp, (4.24)
H ¥

51



Ap, * FIB w2 R A2 % 4p
Ap, * FIRe 2 RJ2 & 2 0% 4p B

NP Ap, » ¥ 2BV ERP e ERIED w208 & - &)

AN RE R Al & w 4R B EcE L O] RIE o s R B R
B PR RETREE- RE S A, & Ag, pek "% 14 [Massonnet et al.,
1908] » 1% Ay, & Ag, & B SR G [F e 42 o T AT 48 B G
fEBR RRENT R EPER AR FLT R A, & Ap, B FE
TR R EAEY o B d S e R R i 2 AT i
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45 BETEF KB 2 MKk
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FOE R GRS R BT R e BT AL
2mo g AlAT AR R AR R AREL L FER AR P PRSP S
A R R ORARKAL o FIARE R LA ST i E &R
#1%1% o 2 ERS % & > DTM A #l#7ie * Fitff2 L3 AME R 95 150 ~
300m; # £ $B YRR P LI ARER NS 30~T0me & F A
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AR E O ATRMARE AT ERGHY TAPR o Ik NEEL T 0 F
HTh ARE R H A28 1,500 m[Jung et al., 2007] -
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d RS A RHOAE S ART U AT e B RET 0 U

B 5B AR TRARE L SRT L EELE AR OfA KT AR(B,)

=

BEE AM(B,) ¥ - FEAREES L A T RA LT FAE(B)H

I
Jt
5
el

(B)) &30 5 in S4B gs 5 e

B=+B:+B> =/B>+B’ (5.1)

o =tan” (&j =tan"' (ij +0-Z (5.2)
B, B, 2

B, = Bcosa, B, =Bsina (5.3)

B, =Bcos(f —a), B, =Bsin(0 —a) (5.4)

ARG E 2375 v HFRAE TR -RT chDIM 2 £
BlIrdlgb kB AME o FIAMIFHL G SR pEE RSP AE
REAIpER - BEES FENIFAAHCE > T ROARERE T RO

J&* RJZ 0 14 ERS G ) 0 i & g * i A54c 2 5.1[Solaas, 1994] -
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3 * o PFHA B 0~5m
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8.1 it

RIGATR A AL Rl PR 2 B TS Sl g 2 5
Foe R R P Rl ROk iRI B A S0 & L - a YR -

VAR E R (LA REEREP) B AR AR 0 B BRI

TR ARy s Bl A BB > ¢ 4535 R 4F /8] (Remote Sensing;
RS) ~ # & % 1= £ (Global Positioning System; GPS) - ¥ 12 7 21 %
(Geographic Information System; GIS) % ki § &+3F e Htr(Light Detection
And Ranging; LiDAR) - 2|5 e B 95 B DI B BT 5 7 > H L o
BHEBROTARN AR IEAH A RTERAE PRT 0 L e i
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Bk & 8 e (4oInSAR ~ bk £ 4 RIS ) H e TR 22
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1 @ B TR0 BT OB Ar ®3 & B8R [Werner, 1992] ; Wegmiiller & A & i& {7
£ fi‘}"?ﬁfjﬁ»?gf'l"l BAHE DD BV BT RTE A T B
b’L’rﬁJﬁ“SAR%’, GrhBchp P AP T BT o d AR H R T AR E enif e T
B APHGRAT o Flm 2 FRIEET DA ww«@a)j{a EFERE 0 B A eh
e RET Y RPR 2RI TP LR FERLY i b B

[Wegmiiller et al., 2000] -
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12 DGPS v InSAR A e B2 4L 4 & @
Differential GPS and Interferometric SAR Geometry for a Delta-Operator
Interpretation

g 3! 5k # 2 W 032
Joz Wu, Chi Chang, and Chi-Hsiu Hsieh

g
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PRAB A ~ RALAE SR B S R H Rk L ® o 24 DGPS B i TR A 4T
TR E -

F e 23YILE i InSAR BRI P A F v AT Wk TR R Supp EEd £ R o 08
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BETHAEESFOE R lri P 3RF % DGPS 4p i & ot & 480 o2 InSAR
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Abstract

A difference operator is frequently employed in geomatics for eliminating unknown
common-mode bias influences. In satellite navigation, there can be systematic errors for
reference and rover receiving antennae, such as the satellite orbit and clock biases, the
ionospheric and tropospheric delays, the user’s clock offsets, etc. Based on a differential GPS
operation, the data analysis model only has relative parameters.

Interferometric SAR can be used to measure the difference in phase ranges via a
backscattered echo from a target to both receiving antennae. Due to the correct phase
unwrapping and the precise length and orientation of an interferometric baseline, it becomes
possible to generate a digital terrain model. With a geometric figure representing an algebraic
equation, the writers try to look into the DGPS-based tropospheric delays, and they also
interpret large-coefticient InNSAR range error.

Key words: DGPS, InSAR, Cosine law, Error propagation
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Study on DTM Generation Using Synthetic Aperature Radar
Interferometry Technique — Example of Middle Taiwan

35 % 3 _ﬁ' ';Lw 4 ;’?gii‘ w3
Chi Chang Joz Wu Yi-Fan Shaw
&

& = 3L s § i+ Hk(Synthetic Aperature Radar Interferometry; InSAR)&_jE 17 #ic &

# A5 #-73] (Digital Terrain Model; DTM)enf| B> H RriZi & § | * - P4 &5 B3 F

fsrfr (el L i Aol 82 /s 7 1 A MEBW % B H ARz BF A -InSAR 2 | DTM

ARAHHe ZFHGEELE AL THE S 2T RIT ﬁxfmrv" @3 DIM - ¥ %

15\:}%4* 1996 ~ 2004 ~ 2005 # 7 ERS-1/2 f#Fh $ 8 FipliR » B BEH 5 ¢ 28K % o

P ERAr R TRTH P F AL Rde s LR R f@&ﬁbiﬁ%? A A A F KB o K
g #ers o * ged8 Doris i& 7 DTM 2 /2479 & 47 > & &F Recig 2 i -
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Abstract

Synthetic Aperature Radar Interferometry (InSAR) is a new technique to explore the
Digital Terrain Model (DTM). It makes use of the phase difference of the radar echoes at two
different Satellite positions to extract the 3D information of the surface. The DTM can be
generated from InSAR technique, the procedure includes image registration, interferogram
generation, phase unwrapping and DTM generation. The test data are ERS-2 acquired on
1996, 2004, and 2005 . The test site is in the middle Taiwan. The interferogram was not
significant in high mountains and dense vegetation area. This study that DTM will be

generated using Doris public software, preliminary analyzed and refined them.

Keyword: InSAR, DTM, image registration, phase unwrapping
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INTERFEROMETRIC SAR TECHNIQUE FOR HILLY DTM REFINEMENT IN
TAIWAN

Yi-Fan Hsiao', Joz Wu" 2, and Chi Chang1
'Department of Civil Engineering, National Central University

“Center for Space and Remote Sensing Research, National Central

University
E-mail: '973202090@cc.ncu.edu.tw; *jozwu@csrsr.ncu.edu.tw,

KEYWORDS: InSAR, Permanent Scatterer, DTM

ABSTRACT: Spaceborne synthetic aperture radar (SAR) has become the best Earth's surface
measurement tool according to not only radar sensor can obtain geoinformation without
sunlight effect but also it can update geoinformation quickly which because of satellite’s cycle
observation. Interferometry SAR (InSAR) is the technique which can produce digital terrain
model by just two SAR images in same region. Most spaceborne SAR satellites have just one
antenna, so they can’t take images pairs in the same circle. To solve that problem we using
different period SAR images instead. However, it could not make the effective interference
fringes successful when the objects on the ground had been changed numerous. This situation
always happened in hilly area.

One way to solve this problem is using the permanent scatterer interferometry SAR
(PS-InSAR) method. Because of the artificial structures on the ground would not be murdered
frequently, we consider them to be the permanent scatterers. Afterward we rebuild the
interferometry by those permanent scatterers. We expected the results on the hilly can be
produced digital terrain model, and the accuracy can be within 10 meters.
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Differential INSAR Detection of Surface Displacements in Central Taiwan
f1#* DINSAR Hisid e oA £ 838

Yi-Fan Hsiao (1), Joz Wu (2), Chi Chang ®
:ﬂ%’%m(l) y ¥ .;E(Z) , %%(3)

@ Department of Civil Engineering, National Central University, Jhongli, Taiwan

@ Center for Space and Remote Sensing Research, National Central University, Jhongli,
Taiwan

®) Department of Civil Engineering, National Central University, Jhongli, Taiwan
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Abstract:

Spaceborne synthetic aperture radar (SAR) has become the best Earth's surface measurement
tool because not only radar sensor can obtain geoinformation without sunlight effect but also
radar sensor can update geoinformation quickly according to satellite’s cycle observation.
Differential Interferometry SAR (DInSAR) is the technique which can detect surface
displacements on the order of a few centi-metres. The technique uses three or four SAR
images building two different InNSAR images first, and then finds the differential between the
two pairs. Most spaceborne SAR satellites can’t take images pairs in the same circle because
they have just one antenna. To solve that problem we using two-pass differential
interferometry method. However, it could not make the effective interference fringes
successful when the objects on the ground had been changed numerous. This situation always
happened in hilly area. One way to solve this problem is using the permanent scatterer
interferometry SAR (PS-InSAR) method. Because of the artificial structures on the ground
would not be murdered frequently, we consider them to be the permanent scatterers.
Afterward we rebuild the interferometry by those permanent scatterers. We expected the
results of land change on the hilly can be produced and the accuracy can be within meters.

Key words: DINSAR, Hill.
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The case of change detection by multi-temporal SAR image integration

L 1 - 2 2. 3 " 4
ik & & i3 BrE
Yi-Fan Hsiao, Chi Chang, Joz Wu, Chia-Sheng Hsiech
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Abstract

Differential Interferometric Synthetic Aperture Radar (DInSAR) technique has
increasingly been applied in geosciences as a powerful tool to monitor land surface
deformation. In addition, the large archives of SAR data enable us to monitor ground
deformation continually.

However, temporal and spatial decorrelations of radar signal have prevented this
technique from more frequent utilization. An advanced InSAR processing technique that
tracks the signals of discreted point-wise targets called Persistent Scatterers Interferometry
Technique (PSInSAR) was herein applied to our research area in order to better understand
the deformation patterns. Thus the PSInSAR method allows us to know the deformation of
these discrete points that were minimally affected by decorrelation of radar signals through
time.

Keyword : DInSAR, PSInSAR, DTM
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