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Abstract

In recent years, the scale and growth rate of bridges in China are increasing year
by year. The total number of existing bridges has exceeded more than one million,
which is a veritable bridge construction country. At the same time, more than 75 % of
the bridges in China have been in service for more than 20 years, and the number of
dangerous bridges of four or five categories has exceeded tens of thousands. Major
accidents caused by performance degradation of bridge structures, especially long-span
bridges, will cause huge losses to people 's lives and property. Therefore, it is necessary
to carry out long-term structural monitoring of long-span bridges. Deformation is an
important part of structural health monitoring. Deformation measurement can
effectively evaluate structural performance and structural state. In the face of the
distribution characteristics of large-span bridges in China, the commonly used
deformation measurement methods cannot achieve long-term monitoring of full
coverage while taking into account the economy. In order to achieve low-cost,
lightweight and sustainable long-term monitoring of long-span bridge groups, this
paper proposes a long-term deformation monitoring method for long-span bridges
using synthetic aperture radar interferometry (InSAR) measurement technology. The
main research contents of this paper are as follows:

(1) Based on the existing InSAR technology theory and the knowledge of bridge
structure engineering, an improved Persistent Scatterer Interferometric Synthetic
Aperture Radar (PS-InSAR) method is proposed. Specifically, it includes: judging the
applicability of the selected image to the deformation monitoring of the target bridge
by combining the deformation characteristics of the bridge and the observation
geometry of the satellite; the complex scattering characteristics of the bridge are
analyzed, and the PS points containing the real deformation information of the bridge
are identified as many as possible by using multiple thresholds. The abnormal PS points
are removed according to the error between the PS points and the geometric height of
the real bridge. According to the information of the bridge structure, the appropriate
differential phase interference model, parameter range and reference point are selected
for accurate parameter estimation. According to the distribution characteristics of
bridge temperature field at the time of satellite image shooting, the real-time

atmospheric temperature is selected as the input of temperature parameters.
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(2) Long-term deformation monitoring test of long-span bridges based on
improved bridge PS-InSAR method. A well-known high-speed railway steel truss arch
bridge in China was selected as the research object, and its geometric and structural
deformation information was obtained through literature research. The improved
bridge PS-InSAR method is used to process medium-precision Sentinel-1 and high-
precision Cosmo SkyMed satellite image data. In the selection of PS points, combined
with the complex scattering characteristics of the bridge, the PS points containing the
real deformation of the bridge are selected by using the multiple threshold method. For
high-precision image data, height anomaly points are removed with the help of bridge
geometry. By cutting the image to include only the size of the research bridge, in the
process of interference processing, the structural information of the bridge can be used
to determine the parameters of the interference phase and its accurate parameter
estimation range, select the appropriate reference point, and judge the estimation
results. The coherence of PS points containing bridge deformation information is
effectively improved, which makes the bridge deformation monitoring results more
reliable.

(3) Three-dimensional decomposition and verification of measured deformation
based on finite element model InSAR. The finite element model of the bridge is
established. Since the temperature is the main factor affecting the long-term
deformation of the bridge, the uniform temperature field is applied to simulate the long-
term deformation of the bridge. According to the real three-dimensional deformation
relationship obtained by the finite element method and the satellite geometric
observation equation, the three-dimensional decomposition of the LOS (Line of Sight)
deformation is carried out to obtain the long-term longitudinal deformation of the
bearing. Compared with the longitudinal deformation of the support simulated by the
finite element method, the longitudinal deformation errors of the support obtained by
Sentinel-1 and Cosmo SkyMed are [-20,10] mm and [-10,10] mm, respectively, which
effectively verifies the accuracy of InSAR measurement deformation. The linear
correlation model of longitudinal deformation and temperature of InSAR bearing is
established. Compared with the measured values of structural health monitoring system,
the relative error is [-10%, 10%], which effectively verifies the real reliability of

InSAR measurement deformation.

Key Words: InSAR; Structural health monitoring; PS-InSAR; Bridge deformation

measurement; Finite element; LOS deformation decomposition
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AR BRI N K 20 B A MEJE, NASA T 1981 4F. 1984 4EH1 1994 4FAH 4k
KT Sir-A. Sir-B #1 Sir-C/X-SAR T2 . Ty ERI R I T A T e h vb i
ot~ dIE, fEEPREAR ISR Tz g o et

1991 4£ 7 A A1 1995 £ 4 A, K% )5 (European Space Agnecy, ESA) 4k &k
BT #8 C W B SAR f£IK 3 14 4k T2 ERS-1 Al ERS-1 DA . X8l P& 7] A
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SRAT 28] 4 FE & 30m AL 58 100km [ SAR §215%, SZEL T /& 20 #2530 1)
MR 22 ThREI8), 2002 45 ESA KT 7 ENVISAT DA, iZ P 24K T ERS-1/2 1
PR BEAM G REA, BAZ WA TN A KR S5 R, 2014 4
F1 2016 4, ESA X KRB BUHE L, C P Bt SAR 41K 25 1) Sentinel-1A I Sentinel-1B
Ghtk TR . X R B VUM RSB, e 0 i AR = B B R AR TR
B A5 250km,  7E KV Rl M 2 AR 7 R U I A B A 1 B RO RN AT EE 1200

1992 4 2 H, H A5 8 it = Wt 58 JF K AL #J (Japan Aerospace Exploration Agency
JAXA) K3 T #%3 L 3% Bt SAR #2225 1) JERS-1 £ . 2006 - F1 2014 47, JAXA
FHYE ST 458 L B PLANSAR HJ ALOS-1 1 ALOS-2 P/ . ALOS-1 P2 &
B PR EIA 10m, ALOS-2 Al 4) # % N 1-100m[21-22],

1995 4 11 A, IE KF M)A (Canada Space Administration, CSA) K T #
#H L B SAR f& K28 1) RASARSAT-1 P2, W RIFA 7 o] 484 ) ScanSAR L.
TEREER, 7 500km MR %6 24, fefs 3 RE G EEA LA ek X — %, 5
RIE BRIk, 2007 R 5K RASARSAT-2 P&, SZ8l 7 &b siifg, =
Iy FeE G AN B B bR RN R 24

2007 4F 6 A, BRFIEW 5K R A ERS THE X BB SAR K21
Cosmo-SkyMed-1 B2, #AJ5T 2007 £, 2008 FH1 2010 FAH4k K 4 T Cosmo-
SkyMed-2/3/4 5 L&, ¥ T Cosmo-SkyMed 2 I H (135 4 i SAR P2 ).
Cosmo-SkyMed & JE i 2 Be % (£ — R N SEEL X — AN X301 8 kit , B e s i
NPT B 25k P L25-200

2007 £ 6 H, fEEFHi+H L (Deutsches Zentrum fiir Luft- und Raumfahrt,
DLR) K4t T #4 X 7 Bt SAR £ /K 3 ) TerraSAR-X B2, H 25040 #F K8 2 6
) DR E4E . 2010 4 K5 ) TanDEM-X P& 5 TerraSAR-X T & ¥y Btk ik T
B, RHBhEPGE R EY RS RN AT, FENHT2KEHEER DEM 3R

[27]

o

2008 9 A, FEKS THE—5 (HI-IC) SAR L2, BEHFZM4SHE Sm
A 20m P AN B AR S, 5 BOE S TR — R B 2 g R ORI G B A MR I
THU AL I K RS, NENHEHRREMASGEMEAE . RESEDI R
SEME R, 2016 4, REEH T EM 1 K HEMN C B Z MM SAR LA
=5 (Gaofen-3) L&, HA®mMHER., BT HMK (8 ) ME RGN (12 FiO
SGRE A, EEHERTE AR A B BB I bR R 28 TR KRR,

PWEHNINE R SAR R K E, BRTEME TEBRKXZ ML, 8o %%
FaAA, ety B A ik, 307 JE BARS 181 40 DA 2 2 AT JR) 2 IR S5 e il 3R 1.2
TR TR RS R, AT RiA BT EWEARSHE BRI, BEE LR
RN RE R, B3 InSAR RGBT R R ERWRG . 25, 2/



BT A AL TR AT BB R OB M KA T B

fh. B R ZE 2 07 T EUAS R0 . BETT AN W H0 2 B 4 SAR BN 4, SCEL £ 4
FE 3 A5 B SR HR 3L,
= 1.2 EBRIINEEEEH SAR RGeS H B

A Eo RS BB Wil aEEERE (mD EUTAS (O
SEASAT ES 1978 L HH 25
SIR-A ES 1984 L HH 40
ERS-1 KK 7 Je) 1991 C \AY 25 35
JERS-1 H A 1992 L HH 18 44
ERS-2 Wi = J) 1995 C \'AY 25 35
RADARSAT-1  JiEXK 1995 C HH 10/30/100 24
ENVISAT-1 k7S fs 2002 C VV/HH 20 35
ALOS H A 2006 L VV/HH 7/14/100 46
Cosmo-SkyMed & KF| 2007 X & 1/3/15 1-16
TerraSAR-X & 2007 X VV/HH 1/3/16 11
RADARSAT-2 JiE KX 2007 C 2t 3/100 1-24
TanDEM-X & 2010 X VV/HH 1/3/16 11
HJ-IC i 2008 S 'A% 3/5/20/100 31
Sentinel-1 KK Js 2014 C VV/HH 5/20 6
ALOS-2 H 4 2014 L VV/HH  1/3/6/10/100 14
Gaofen-3 H 2016 C VV/HH  1/5/10/25/500 29

122 ETFEH INSARHEANTHENELRE

B % InSAR FORE T SAR T A X i & S i U R B 15 5, AR
K 1R A5 B AR AF/E SAR 248 . X SAR S8 RIE 7 T35 A BT 3 35
A AE B AL, PR A I LA SR AT 2R TE AR . T H 2RI &R K
IR 5 A SZAN IR TR, T B T 3 132 R B3R X e 34
UL B3R g T b 2R T AR (3O A R g i 4k DTV A i Y 42 U I 381G T AR MR AT 55

InSAR HAREIE T B 70 FA, FEH T IR L U AT R =R E
BB, B XA AL AE B RIRN N, RN RRIL, 5l NAME AT s R A
(Digital elevation model, DEM) (¥ 7] LAy B A0 15 i 3% 4l /N 2 A2 1+ 38 AH A
M AR T AR AL B SR AT DASE B R R AR B I . 1989 4, Garbriel ZEUOMEH T &
WAL EFIEZ S T (Difference-InSAR, D-InSAR) A, FHFH ZHE ARLH T
5 T 0 255 gk 25 b 3 S K AN A 4 B0, AR R B RT DLAK B ECOK 2%, IS T
D-InSAR 3 ARAE M I A M ) Al A7 ¥k . SR T L IEHES) D-InSAR AR KK J& /&
1992 4F Massonnet “¢*HN7E Nature &R FKM L, FIH D-InSAR + A X 3£ E oy
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Hiy X H B R AT JS B SAR SR AT EUE AL B, MR RN ER E RS R 54 S
MR R T B, WEWES RL, EEARAWEFFR KB, 51k 7 #&NN
InSAR HARBF A NG o (HFEAE D-InSAR HARFF FHKIAWIRN, FEHATVRIZH
ARAFAE —5E B Jsy PR A

1992, Zebker &F2h@ ik w00 R B, T2 20 00 0 P i 0 = () 48 (D
PR AN T AR (R A B R R RS ) RIS R R 2k CRPP xdp ik A 2) d K, &
SHTVE R BB KNRZE, MELRMEK, HrhrE Ll KT 8ERE
FHINTEERMEK, TG R LERI. ML K9 AL, i
FEORZEM T E

1997, Zebker 5L i 146 K B, 2% W) 3 L AE — € JE B IR, KA 20% 0
XTI A 2 S8 10-14em B iR ZE, HIRAEIRE. XEHTHMBEESEF LK
BN, AR KA 1S RS AR kAR AT RE - AR i, AT 3 BUR AL E
iR

H T D-InSAR AR 1 Jj BR A%, RIS T8] 25 AH 5+ 2% 1] 2k AH 9% AT KA AE 3R 1R 52
¥ HATEE D-InSAR (WA Bk — PRt 7 E 5 & R AL HIE T (Time
series-InSAR, TS-InSAR) H K.

TS-InSAR #7 AR i F /2 7E 1998 4F H Sandwell 55443 WY, 38 1 45 AH - 14 85 4 19
FWEE B RS, KM T &SR ETHE TSN (Stacking-InSAR) £,
153 2 7 BN AERA B IS TE] 7 21 3 R TR AR E B o I InSAR HR 1 B A R 2 2 0 ide
Z 1R SAR FZAZ Hh (1) AH A7 A1 B8 R 78 1 i H AR, 1% 38 R0 H AR AN 52 IR 3 B 2 2R A - 1Y)
s I8 I AH AT AR AR S 5 o H AR T A AR AL, T 3R O R R AR A BT, BT
EX—RE, KEW T ZMET InSAR k. 8 DRYE 48 E. 5 IR
SRR TT . AR E R U7 LSS, IR BB E KW T

— KRB EFGI P InSAR, H A UK £ Ferretti 5 101E 2001 £ H 1)K A
B AR T3 (Persistent scatterers interferometry, PSI) Jll &, 1% J7 %1% B — g i 25
BLRNEAE N ERLBR T EAE, B T B A 28 K 18] 21 # RE Ok RF A1
FVEBATF A AL, R X 8 S H bR R AR BN RE AR TR A5 R, JFAE Ancona b
XMW RS2 7T, BEMAYRETHETSE K SEN

(Interferometric point target analysis, IPTA). B 7 i 4 X 4% %1481 (Spatio-tempral
unwrapping network, STUND. HitH 4 7k A #4477 151490 (Stanford method for
persistent scatterer, StaMPS). 7K A HUff 14 XF 5% (Persistent scatterer pairs, PSP).

SqueeSARPHEE Tk . IPTA J7 k181 43 A s H A I IS 8] AN 2 (R RRAE, {55459 I8 7 A8
TS T A3 B4R 5 . STUN J7 325 51 N bR HIURSE 28 N i AT ASE 7R of A T 0 A R 4% o) 2 20
HOBUE BEAT B, FEULEEAE [, A e B B /s 3R Al T HEAT B L 2 Bk BUR T
A5 StaMPS J7 ik T AHALRRAE IR PS 1L, JF HAEWS [A]A0 2% (8] b 34T = 4E4H



TG AL TR IR T I ORES R B2 K AR M DT 7

PLRFYE, AR T IEEC PSSR BRI AR Y MR S B e B, v] DLAE B R R IR
TEAR R A [ S At R O AR o PSPy vk 38 T KM A A0 08 1R 22 1) 2 1A) AH SR 1
DARHAR PS s X NN HEAT SRR, A5 BER B0 b A7 ks vk, A AR T
., SqueeSAR J7 i R TEEHUFE UG PS AL A Al b, 7 3G R 5T O A B S A T MR
UFHh DS i, BEBCE AT SRR, BROE A BIXT PS R DI )

=KL G EF TS-InSAR, FL A% & Berardino % P27E 2002 4§
H 7 /24 (Small baseline subset, SBAS) Tl m A . %5 kil it 28 [a)
LRI 2R ERAR, G R L R E AT AT T A, A AL
i A AR B 1) 2K AR T A0 o T2 X AR A2 B 2 W, 7E Campi Flegrei ‘K il BL & & K F 1)
Naples 3 7 [ b 328 T2 48 U5 00 b sl D A5 21 7 300F . 2 T /N ERER X B4, M4k R
J& 7 M B bxikP3 (Coherent target, CT). &K AT £ 1% (Temporarily coherent
point InSAR, TCP-InSAR ) P4%E757k, CT Hik#E T XA T PS & H
v, TE B T) R 25 ) 3 A 5 90 U SR 6 5 A A HR 1 KSR A Rl 4 M AR T AR A8 gk 4T
K, WG EMELKERARBENSSHE, E£REIEENEELT W 1
F 25 F ARG . TCP-InSAR J7 v I8 b A 22 48 W 25 1R 9 I 25 Bk 2L A A A7 A58 1 9B
HAR B INELH] DEM ALK SRR 0 FHAL AR BN, R 255 sl 49 11 B/ — e fid
UGG AR e, AR BUECHE v S BT TG R AR A AR A 1) AR AN U

#1.3 SHEIF InSAR 753RIRBILE R 55

TS-InSAR  E#BGHE  WikLrEk AR R R FR A fiff 25 75 2%
InSAR Stacking £ F#14  THMT R SEMEREE, WL 4 Grh=7
PSI PR i 1 5 72 25 1 T A Y CPEERBD
SBAS EZES- A THMT R  TEMHCEE, KEPRE 4 (MCF)
CT ZEwB  TEET R VAR R AR Y CPEERD
IPTA BEFA e A g 22 25 1 AR Y Ry R D

STUN BERE EEEZEEBRLL LMEHEL AR T gE R TR

. e N Y Bk RN TR
StaMPS BERR i B 22 A AR, LA

+MCF)
‘ o Y (R SRS
PSP BERE e i B9 %2 28 M AR =)
SqueeSAR HERA EAE S 2+ R 2P AR U CPEERD

I FP InSAR £AR BB, A7 RO g v 1 R AR T AR SUIEIE 1 A 3L, ffF InSAR
AN RIS LA BIORIE . RN, X B B R RS T2, SAR AR Rk
B 7K. HARSG S RN A SO A Gl B gt AT ke, I RS L A e
B = K 85T T AE InSAR AR B AR i I F A b K R ) o8 R A2
2 A 1) 3l T K R i 5 e B N T E
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1.3 P InSAR HARTEM R T IEN A AR IR

M AT D 3 15 2 R R B A 3 ) 4% ) B B AL, A il T DR AR A 5t e ) L
HEHR sy o W T HARIS AR, Dy G A R IR 52 S Bk RE R 2B IRt B
M S 5 1 5 S B K S, 7 B AR SRR T I o AN R T A B R AR e
FBL WA 51 InSAR SR RENS 4RI L 4 RARBEAT I, A S 5EA1 & 34 52 5
ma, JF H A St AR fid . ARRAS v I S R RIS L R S A M R A
PRI o PR b — 2 22 2 O M I TR) PP 21) InSAR $0AR HEAT B 2222 T2 WL

e) i A6 f) 5 AR A A 161
1.4 EFEE InSAR 5K 4 A B4 2 I ) 52 451
1.3.1 ETF InSAR AR ZER R E [F B i

HRLE I T B2 B A B 2, TER SRR B A B 22 8 4 30T 00 00
DR b Xt KT 2 1) ER T SRR 0 3 20000 A 40 i A K DA N o A BT S 08 2 7



TG AL TR IR T I ORES R B2 K AR M DT 7

MY ZEEAT R DU 4 A7, BR TR 2 M0 22 IR IR AR 00 7 S R 2R, TR A DL GE 9
JE Rl o AH2 R A B P InSAR B AR G M 52 3 8OAT (19 J7 50 5 A8 B0 Ab 38, e 8 SR By
R AT MR E S, S B (5 30 5 R D sk aB i . I LA R e I i
HFEART AR e g, VPR 2RO, A B s T 28 4R
5 5 SR BR A5 35 .

2013 4, Sousa 253X ] 7 454 SBAS A1 PS-InSAR K J5 AL H 1995-2001
HETE] 52 @ ERS-1/2 2B 8, KA & A LS M R MUK AT 5.5 5, 5155
MrBORAER . BRERIFskizsl, LOS A48 i K i KA F] 20mm/4E . IESE T |
J¥ InSAR £ AR FH T 2 5] 15 100 % 1) v] Be 1% .

2018 4, Selvakumaran Z5[64ZFH SBAS JHiEAFE 2014-2015 £ 48 18
TerraSAR-X S48 845, KRIVIEE Tadcaster M 2R Al M2 Y X Ik £ 7 1 &
¥, &R ABIRETIE . $2 0 AT BUE ] InSAR W I AE A b ) X R B 4 L 3 T
EFE.

2019 4, Milillo Z£515% B MT-InSAR 7540 FE 7 2009-2018 4E[A] 134 1§
COSMO-SkyMed 44 1 136 i Sentinel-1A S ¥3E, 15 3 = KR 35 22 3 K0
XA TE B o Sentinel-1A £ 45 R, H 2015 4 LAk, {31353 M 2095 0 1 M TH0 AR
FAXH AR T B K, COSMO-SkyMed 4 45 S & 05, 2017-2018 [a]i% M
R AU SRR K. Z TR RS RIERZ2KE, FBT Wb 2R
Xof JEE il T it 32 R ) S

2021 4, WRHa T 200K AL SBAS Jik b HE T 2018-2019 4E1A] 9 % Sentinel-1A
FAREAE, R ARFIERIL R AE G SR AT A I e I3, 4568 4 AR5
BE, WA G2 1 J ORI b Ui K vt T B pp R 3

R [ N A R SR T InSAR 7 B0 H AR ) 1 s A8 AT Bk
P Ab R, P s R AR YR, B AH Bh AT S RURE R  dr, JF BB E B
T ZE AR T A G2 22 4 MR8 T 1) T BE 1
1.3.2 ET InSAR B ARFITH R LRI MBY AT 1714

I /5 InSAR 7 A B8R B8 % S 30 Hb 38 F /N AR B I, {52 D 56 F I L 4% 4 2
TG I BE 7T, AR E M TR 2

2011 4E, Monserrat 25 6717F X} F| Fil PST 4b# TerraSAR-X = k% 52 1% B4 ok 3k 47
E 28 2 AR 30 7 78 T8 MR W B I, VS AR AL S AR W AR B I K S AR K, T AR
1) 5w B M A K R B TR Y 1.2x10°9/°C, 540 9 TR AR B B K &R B
ﬁﬁo

2012 4, gk 7 7 SEL08IZE & PST AN T A I 3 4% 5 Wl 52 06) 25 38 K M 25 ik O %
HEAT AR, R b5 A SRR 5 A A5 R S AT IR o AR 2R AR UM % S T B A

10
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RN RAXTRZEN 4.64%, KAE T InSAR WL &5 1) v 54 .

2017 4, 3 W S ORI H PST £ AR M 2 75 2 50 iy Bk Bt KOG KM 1723
AN PS ST, AR LOS MR A RARNEE, RIAEEIHIHN
A2 T 500 P B FE A DS M o 5 2 T A B M U B S T S A I R AR T B Y
LLis, PE W& B .

2017 4F, i) 2 A UOMR A X S0ME A7 R Bt TR) 45 1, R P R 2R 20 08 8 3R B SR Ao
BETAR AL PST ARAL MR 20 B2, 320 7 vk BRI E R B, IF R 25 A ] P A
U0 B, R LA B 4 B K T = R A 3 — B

2018 4F, VL& % UUHRH PSI AR 2153 3 2 IRKIL KM 138 4~ PS MR ¥
o, 2 uE FARBEHL RS R, R I AR T B A SR . B2 T InSAR
I 2 A H AR B R A R BN 10.65%10 *%/°C, 51 R SZhr A —5.

2019 £, Hoppe ZF"2R F SqueeSAR 5Lyl AbHE T FHELFI £ 4L TerraSAR-X 5%
GAHE, 227 3075 JE W P 8 J5 5K Sz TN ) M 92 2 0K R B I R T I TR 4
SR RN Rk h B R RAE R AT, WE T Seil kT P2 2R
IR AT AT

2019 4, Jung Z5EU7310) F 2 I A InSAR FA Wl 7 4 oK = KM AR 28 K
it ¥ COSMO-SkyMed %1 #E F11 Sentinel-1A #3815 1) () 11 5 45 B AH HI6UF, K
T KPR K R0 K 3 B 1 B il 23 ) KPR B 1) AR T 1) 2 B, SRR TR R
InSAR A 7E M B2 K A H FE 1 I 77 1o (9% 77

2021 4F, Bao ZELONRIF PST FyA X i B W87 & 0 X 380k 47 7 K I 25 AR 2
W, ) 25 RS B K 0 2 15 3 55 DR 2 ) S R SR B T I I AR RRAE, 49 B T IX
S 1A IS AR T AN AN K 2 4, rp i BE W ORI IK R BN 11.6x10°%/°C, 5
M T 00 7 78 Bt L R R () ) B S BRI R G ) — B .

bR A R A PR o A R A AU ST B R R D R G T T AR T AR
M 2 5 Br 4 R VR K 0 B2 2 0. K D & 45 SR DL R AR RN VR B I = AR, 5 R A
InSAR Wl £ 45 AT B WA R S HR I R I — 8t . A I3 E 7 B /¥ InSAR
A B M BT (1 e 77, [ B 3R B 12 B R TE e 24 B 45 1 (g R 0 b A mT AT 1
1.3.3 ET InSAR R AR FEITHF L 225 72 W0 89 52 i [(&] 2=

B AR InSAR FEMr AR T I I b A7 CEAR 2 A0 3%, (2 78 S B B A A7 IH R 30 A7
E — S DR 25 4 3 A ) 5K B 0 R B, DT A5 75 12 TR R (1 38 M 2 B £

1. SAR A& 1) 3%k B

H1 T SAR T2 A0 S5 AL, 25 I 5 15 21 (1 Hh 2 A8 T 2 S By 2% i) = 4 A
TEAE LOS M5 . MKW AR WU, 2 Hm H Ax R AR AL B, 518 LOS
] A5 T AR A0 B /N, R R I B A B R ZE K

11



TG AL TR IR T I ORES R B2 K AR M DT 7

2014 4, SOUSA Z¢USIFE X} LRI A 6] J5 92 30 AT B 52 748 % e W B, % 300 e )
i 52 31 B4 4k B {5 B RS A5 B = A0 TR TR AT B ) IR S

2015 4, Lazecky ZU7STR| il PS-InSAR 5 AR St = J& AN [6] #f 32 HE A7 28 2 W 0
RINAZ T 46 SR 0K BE 2 BN 8 ) A T RAT 7 M A B2, P P AT,
75 30 (1 1o W0 25 RN P AR

SEMF R S, MR AR BN . MR R BN, WA
e S TR AT 1 — 8 MR B S LOS A8 3 B, M 13 2 45 8= .
PRI, 76 3 O AT A 2 7 T WL ) S AR BT B, 7R Je R MR R 0 E 1 S R R
TEMPE R E— 8 R,

2. RHPRMIEES 2L

]/ InSAR AR E I £ B SAR 5248 i A B Ab B9 AE T PR UT 1045 3R it
A7 78 T B o T K AN 5] ) R 45 460 28 0 P e 5, JHLOGF 8L 1) i 1) RS AR 1 AN — B
XPFAEF YR Z I, BRE SR s B = AR D, AT B AR A TR AR T A
PLRAT . BEAh, BT R AN R R R, DT S 15 34 PR I A Hp AT TR AE AT A
B REARLL AT o To e R B AR A AL I A W AR A A A, #2513k AT A A7 A 48 BN AH
BB S B AN W R S DL, 3 B BB IR I M HE AR (R A2 T .

2016 4, & S UR) F 205 R Vs 0L R BLRE AL 2 G0 B Eb BE B 42 0 6) O B a5
TIEIR N KA, Refg kB K. RICR A PST BRI & 23 N T M & %
PRI JE T R e DR B a5 R T, 5 A SRR R U - BR T AR UL AS [ BN B B AL R G0 P8 X %
VAR TSR, RS 3 5 BR BE ML AR SEIR 6T SAR WA I AR R 45 AR R

2018 4, Qin ZEU8IE ) otk i R LA 2 B A InSAR 777k, 454 PS-InSAR Al
SBAS FA T A HL I 55 H bR i BRI, 5 K PR B H 32 iy mT I AS 5 119 2 (1] 2% & A0
FEEE, ARG S T RTAS T &Y . K 1% 071 T ORI T DR A0 2 s B S N
KA IS 56 38 I AN R B0 (14 22 OB IE UE B T 3% 7 VR A R

2019 4F, Ma %517V b ) FH RF 52 B0 44 R0 43 A3 B0 44 B 4G 0 Sk 412 1 ) A, 23
&, ARG M 5 G5 A6 R0 AR 1 AR AIE SR 0 8 A [R] 28 28 5 B B S A . CSK B4 il
BAERRY, S BERT, 228 H 2 G808 ik 3 W2 K 0K B .

2019 4, Selvakumaran %8O i 76 15 2k 5 KM A 1t N T A IR AT 48 5K A U VR vk
A R A ) R, R PST B AR A3 45 AR W InSAR HE 65 54T Hb S Ay 22
AT b iR P PR 2= AR A o[RS RFE Bl Al O N T R A R AT A F
P R ERI R, EE s, TP EAHERRR,

TP T HERENREN, —Ho%E @S RINL S PS A DS &Mk ok
W, AR EL T AU, TS T R R . N T RS T
SRECH R ME, 7 SAR AR IRA SN . F HHE B S EE RO, M
BRI R

12
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2017 4, Qin ZP8GHT T @20 HE R AR R A RIS B HLER, 25 & R 4
P JLATRRAE , 3 tH A 3 A H bi b I AE MR R R S 5, 38 S AH A7 A 28 B 7= 2 1) AR
7, JHERAER R G NIREE S, SEOL T B i O AR T I =

2017 4, Zhao SR YA DSM BEAUE LT, My m 22 3 K 5] AH A 4
GRIE )R R R AR R R PS RS FR, KA T LLL Bkt AT
[ v R RS TR 1 4 AR A 4 R o 7 PR KM RO 2 SVE HEAT T 3RAIE, PS A
AT 5B BB R ZELE Im N, I HAS B AS TRRAE ik A0 Fr, 5k
TR —

2019 4, B2 Y T M B AR = A R AT iR 22 A B, FIH 0 B
e A VG e 32 A7 A7 2 200K DX A AR 7 A 4 . SEEL PR PS M AEL B IE . e
B B G LR W vty PSS AR TE B K HIAHAL 2R AF o K% 75 v B T IR R A KT
75 380 [0 i 20K 0 600 A5 16 D 4% B /DS Bl RO B

XFF AR S AFTE B K B ZE WG B, S A E o R EC S Aw B A 1 = R R
HF B A AT A R 22, Bl 08 o PR ) AT A A AR K i 22 MO AR AR AT B AR 2R, R B b
o FE AR A 98 A% 5] 1) 5% 22 5 A A i 4 3k 2 o 1 4 3

3. T U A AL B AL S 5 T

AL 7 InSAR AR 185 F0 A7 B8 b il 8l 2R ME I, Bk 22 DL R 28 1 AR
K. RITHTHRAGIEEMS T E B ERLEE, 3F LR FEA 2L
R LR PERFAE o DRI SR B T 5 AR A A 70 2 S BUAS RE 15 B R 10 H S AR T

2013 4, Fornaro ZBIL I EEHE SAR 8 0 HE RIS, HATEM & K R &
FE A 2 A N o DRI S AT R AT A IR I R B8 R, B T 5 N K 4L
30 & 2 4 8 753k, SEEL T MR R AR R B R AL T, 30UE T R iz AR Sk
15 P B T AT AT P

2016 4, Poreh %5 BUTE XS I PST F A = K KM JE T4k % 42 T8 M &
YL, Ho— BN PS SRR T R R AT, RS
BREN HR R AR,

2016 4F, Lazecky 5BS1E R A PSI H A 4 3 51 3 #5245 5K 3K UMy B2 A8 T B
R TR, M T B R 2 AR R T AL E B R R, JEH
fEIEF oL M Ik R m & BR B AN AN M BB — A '

FHEANAE AT InSAR YLy, RIAELHELR R EE R BHEE SR, 3 HABE
2 2B DEM M2 MR ARk 2, UL e 3R 1 7 78 T35 AR AL B AL A 5N
IS HOR R REAAT S EAb T, TSR T 0 A B AR T

2018 4F, Daniel %5 B8 F PST 5 A S i 52 oK Ak v b R 1047 W00, 75 % 7 FH
r B, VA I PR R AR ) 6T A TR A R AT [0 U S A B SR I e A R, IR BR
JOARE R AT B R AL 22, 5 InSAR SRR L RWI& AT

13



TG AL TR IR T I ORES R B2 K AR M DT 7

2020 4, RIEZEENE R PS-InSAR £ A 3k B #7160 A8 B e
FAARNE) PS s EE o i Ve . Stk JE A DL 2 VR R AL, B2 A
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HAs, XRCRATHE AT, BL K 2016 4 9 -2019 4 9 H ) 35 Ft CSK R
B, MNRATHIENREY . Hh S1IA HE & ESA R, N
https://search.asf.alaska.edu/#/ W 35 N #. M CSK &\ Eds, Bty K72k
FAH PR A A .

3.3.2 SAR EEGEHIEEZHM

NGRS BHE ST AR WM P ILEC R, %] S1A il CSK A2
AT LA an B 3.11 T s«

a) SIA B E TR JL AT

b) CSK T2 2 3 2 ML JL 47T

B 3.11 DETRHIULM
Ho STA I A 0:=33.91°, 1A f1 01=349.26°.CSK T 2 N\ 4t /1 0,=33.94°,
WL A 02=190.55° MR mE LT KM gy 45°. B 2-9 Alf5, FENE
M G2 0% 1) AR TR AU R BN cosO, MR IR B TE UK E RECH sind-sin(at+p),
R 1) A2 T AR R BN sind-cos(a+p). RN T2 MM LA S TSR =
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https://search.asf.alaska.edu/#/

TG AL TR IR T I ORES R B2 K AR M DT 7

LA TE B B BE R BN SR 3.3 s
R33 MR=ZHTHENEHERERKY
BA Il o) AR TR UK FE R AL 9\ 1) AL T UK FE AR KL N e A2 T SR R R L
S1A 0.830 0.314 0.460
CSK 0.830 0.461 0.316
AT SCRT 50, MR R BT A M AE T, XT3 45 44 % AT DA 0H 6] 3¢
G MRS B TR SRR MR R YN R AR TR UK E R 8 0.314 A
0.461. Kb, ARWIEEH SAR 5245 B4 2 W0 I 2R .

3.3.3 SAR ZEHIEBA

3.2 AT A1, BEAAMT R AR TE £ 252 2R FE 20 . fE3E4T PS-InSAR 4B I,
i B AE T U A AL B A 5] NI 2 B AT AR TR BB . D 1 S ORS B 1RO Ay 2 A
WK S A7 kv, TSR R A5/ 0 LSRR T, 7 B3R UMY 3% 45 74 4 1 1) I
J&E A5 A0 H 4

FIH STA F1 CSK £ 1 3k SCAF vl AR ECRA AR B 40 3 i) ()45 B, o B HLK S1A
SAG A BN (B UTC B8] 10:03, UTC AER X . #FFEFRITAE KX TR T R
JURF X, b UTC B [a] B 8 AN/NEE, X S 75 B 8 18:03 . #EEL CSK 8218 $A 3%
6] UTC WIE] 9:53, Xt AIHLTHS A 17:53. PN E0HE X B ) e 75 i #BAE 18:00
Fed, MRz H VR Z

AT SCHR SCERR B R A, BE AR RAEHE 2 E LA H H 2, R EAR
P A A R B 20, GRS AT DA E M R A T3 SR AR T . 2.3.4 b T340
JEERH FHRRETHEESKANXEKY, EYEREEHRTHREWEESXSR
JEREMIRR, HREN 1. SCRRIAEZ SRR, 120 8] B 9 M 32 45 0 10 0L
55 R B AR AR A T . DRI B 152 12 B 1) B PN MR SR L R S KR I 2 E A
I BT 1) A% Ak o T A A 508 0 B B ()2 H VK I ZI, BT DU B SAR S A4 40 i %
9 ORI B SR AR R M 2R BE , R 0 M T b ASE 40 0 B2 GO0 2 1) R M 2 0 P AR AR AE

FI G 0k HAE v AR B 22 P Ak X3 DR AR B, A IR BT F AR Rl B ok
H I RGPl https://rpS.ru/o Fo A R 5T A R AR BE B8R SRR A4S e
R I AN AR E PR AL Gl s o b OB R TR R SRR AR Oy =
NI, S R R RN = /NI P T IR . T ML AR R Sl 1 L R R SR AR AR
N /INEE S R B R S — /NI P IR R ST 3 4E o DR kG N3 R R sk 18:00 HY
WE, 7EN SAR AR BIHatamt ZIMr 2R A RME, R SAR AN A7 511
I FE AR AL

R4 2 B LR B /N R, 4 3R ECH S1A FI CSK B A i E 4. it
AN AL T 8 R S AR S T SR R R S R R B B . 5 8 B AS 2187 4
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1) 35 2k 15 SRR B B4 an 3k 3.4 FIk 3.5 Ao
K 3.4SIAEZEFIHEXESH

WAL wEHEL iR a3 AL Lk SRR

G, (m) (°CH TN (m) °C)

2017/1/3 30 -864 10 2019/11/1 40 168 20
2017/1/15 4 -852 4 2019/11/13 8 180 18
2017/2/8 -21 -828 2 2019/11/25 -56 192 6
2017/2/20 8 -816 5 2019/12/7 -23 204 8
2017/3/4 -22 -804 17 2019/12/19 23 216 4
2017/3/16 40 -792 12 2019/12/31 17 228 1
2017/3/28 -15 -780 19 2020/1/12 -12 240 5
2017/4/9 65 -768 12 2020/1/24 -18 252 7
2017/4/21 90 -756 20 2020/2/5 -24 264 8
2017/5/3 91 -744 21 2020/2/17 21 276 8
2017/5/15 79 -732 20 2020/2/29 4 288 10
2017/5/27 -24 -720 31 2020/3/12 56 300 15
2017/6/8 27 -708 29 2020/3/24 19 312 18
2017/7/2 21 -684 25 2020/4/5 12 324 15
2017/7/14 21 -672 33 2020/4/17 60 336 19
2017/7/26 4 -660 37 2020/4/29 77 348 27
2017/8/7 -12 -648 34 2020/5/11 1 360 25
2017/8/19 24 -636 28 2020/5/23 26 372 31
2017/8/31 52 -624 20 2020/6/4 -83 384 31
2017/9/12 78 -612 27 2020/6/28 16 408 27
2017/9/24 22 -600 22 2020/7/10 -20 420 28
2017/10/6 -33 -588 18 2020/7/22 8 432 33
2017/10/18 -45 -576 16 2020/8/3 -1 444 35
2017/10/30 65 -564 12 2020/8/15 75 456 35
2017/11/11 19 -552 14 2020/8/27 143 468 30
2017/11/23 50 -540 8 2020/9/20 17 492 25
2017/12/5 -102 -528 4 2020/10/2 -23 504 26
2017/12/17 -84 -516 1 2020/10/14 38 516 20
2017/12/29 -95 -504 10 2020/10/26 36 528 18
2018/1/10 2 -492 2 2020/11/7 63 540 18
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(83
2018/1/22 44 -480 7 2020/12/1 -79 564 9
2018/2/3 -5 -468 -1 2020/12/13 -44 576 6
2018/2/15 -16 -456 6 2020/12/25 -48 588
2018/2/27 0 -444 15 2021/1/6 -26 600 4
2018/3/11 -13 -432 18 2021/1/18 13 612 6
2018/3/23 -23 -420 18 2021/1/30 17 624 14
2018/4/4 -39 -408 12 2021/2/11 -1 636 11
2018/4/16 -3 -396 17 2021/2/23 -19 648 13
2018/4/28 -18 -384 26 2021/3/7 -10 660 8
2018/5/10 94 -372 22 2021/3/19 -18 672 11
2018/5/22 51 -360 19 2021/3/31 -37 684 14
2018/6/3 -3 -348 25 2021/4/12 39 696 17
2018/6/15 -22 -336 29 2021/4/24 8 708 18
2018/6/27 -28 -324 33 2021/5/6 30 720 22
2018/7/9 -14 -312 30 2021/5/18 -29 732 22
2018/7/21 66 -300 34 2021/5/30 -4 744 31
2018/8/2 -49 -288 32 2021/6/11 11 756 31
2018/8/14 -6 -276 33 2021/6/23 -61 768 32
2018/8/26 0 -264 28 2021/7/5 14 780 29
2018/9/7 45 -252 25 2021/7/17 77 792 26
2018/9/19 61 -240 31 2021/7/29 -61 804 29
2018/10/1 47 -228 21 2021/8/10 -46 816 28
2018/10/13 66 -216 20 2021/8/22 -18 828 30
2018/10/25 -70 -204 17 2021/9/3 31 840 28
2018/11/6 -82 -192 14 2021/9/27 88 864 26
2018/11/18 21 -180 9 2021/10/9 8 876 27
2018/11/30 -5 -168 13 2021/10/21 -5 888 15
2018/12/12 -42 -156 2 2021/11/2 -55 900 17
2018/12/24 -18 -144 10 2021/11/14 31 912 12
2019/1/5 -90 -132 4 2021/11/26 68 924 12
2019/1/17 -6 -120 5 2021/12/8 46 936 13
2019/2/10 -1 -96 1 2021/12/20 -33 948 10
2019/2/22 17 -84 5 2022/1/1 -96 960 4
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(432D
2019/3/6 42 -72 13 2022/1/25 8 984 6
2019/3/18 -33 -60 14 2022/2/6 27 996 4
2019/3/30 76 -48 16 2022/3/14 11 1032 18
2019/4/11 19 -36 14 2022/3/26 100 1044 16
2019/4/23 129 -24 23 2022/4/7 -10 1056 24
2019/5/5 -4 -12 24 2022/4/19 43 1068 20
2019/5/17 0 0 26 2022/5/1 10 1080 19
2019/5/29 -8 12 27 2022/5/25 -70 1104 29
2019/6/10 -22 24 28 2022/6/6 161 1116 32
2019/6/22 4 36 27 2022/6/30 -5 1140 29
2019/7/4 -31 48 28 2022/7/24 78 1164 32
2019/7/16 -4 60 29 2022/8/5 144 1176 37
2019/7/28 53 72 36 2022/8/17 91 1188 33
2019/8/9 134 84 32 2022/8/29 1 1200 31
2019/8/21 100 96 31 2022/10/28 66 1260 18
2019/9/2 7 108 22 2022/11/9 -126 1272 18
2019/9/26 68 132 24 2022/11/21 77 1284 17
2019/10/8 53 144 16 2022/12/3 22 1296 5
2019/10/20 29 156 22
FK IS CSK G FIHEXEH
RS A Al IR S (Ap g Al
H H
% (d) £k (m) °CH & () 2 (m) (°C)
2016/9/4 -138 -592 28 2018/5/17 -13 28 30
2016/11/7 -1462 -528 16 2018/6/22 139 64 20
2016/12/9 84 -496 10 2018/7/8 1035 80 30
2017/2/27 -885 -416 13 2018/8/5 895 108 32
2017/4/16 -553 -368 27 2018/9/10 86 144 24
2017/5/18 -653 -336 28 2018/10/12 -144 176 16
2017/6/3 715 -320 30 2018/11/13 -754 208 15
2017/7/21 -371 2272 36 2018/12/11 -555 236 3
2017/8/22 974 -240 33 2019/1/12 438 268 4
2017/9/19 223 212 24 2019/2/13 -177 300 6
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(83
2017/10/5 370 -196 15 2019/3/5 635 320 10
2017/11/10 559 -160 16 2019/4/18 -266 364 28
2017/12/12 -411 -128 6 2019/5/20 141 396 24
2018/1/13 280 -96 3 2019/6/21 -104 428 28
2018/2/14 -305 -64 15 2019/7/23 636 460 34
2018/3/14 -451 -36 19 2019/8/23 135 491 31
2018/4/3 -115 -16 27 2019/9/25 527 524 25
2018/4/19 0 0 26

3.4 KEBEING

AN B E I SCHRIR AT A T TR R LT S R L AT A TRARAE, IRYE SAR
AL JUART R A5 A7 5 = 4 AR R R ) SRR AR B, A W R AR R T T
MM REARTE . BRI

C1) BE FUMT 5 SO 1) AS T 32 B PN R AR, A6 7] A2 2 A % i) A2 T W] A 20 A
i, MR4E SAR FZAR B i 00 L AR 56 10E 20 HCE I & T AT ST MR R AR R
YIRS

(2D S I 1 AL 1) 5 B A 32 S A TR, SR 17 AR T 5 4 1
BR A A @S — 2, WE BAREA RN KRR R SO K A 22 £ 45 18]
b BRI A X R oy AT

(3) GEBCE AR H BUAR I [0 $53E H ¥, W FUMr A TSR IE T . HiZ
I 204 e P 5 KR RO B A 2 — 2, T AW SR AR T M 2 LA
RKABEE M RER AKX 7T LRI H SAR F4 A& #8211 KSR BN AR T 5
i AR SR U AR T
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P45 ET PS-InSAR AR K EF R T Wit 18

4.1 5|5

f£ PS-InSAR ¥ ab B #2 o, IR0 8 P M 24500 8 & JUAT 5 8 TR 4
PERFEAT AL AL IR, RIEEM R AR W, FHASIRE T4 4
BegE R LA 5 S B SGE PS-INSAR J7 ik . A & DLRG 5T 5- v 3 2k R R 42 N s
i, FFH B2 H B eEE M 52 PS-InSAR 7L AL S1IA FI CSK 25 8¥s - 7£ PS ik
B, 45 A 2 10 52 2% B RRAE R 22 B B VR G R S A B2 LS AR 1 PS .
KGR E RS AMRN RN, SAET WA G, v BUF M
EERE B E T WM S B RSB AR ERAEENS %5 H.
FIWr Al vh & RS . BRSO EMREIRELE PS SIAHT M, FREHEAR
T Mo 0 225 S 5 ] 5

4.2 PHFZE PS-InSAR FARGIE

KT K )2 & K F) SMTech A ] JF & ) SAR S48 4 R 4 -
SARProZ M3V {1 AT 5 5 B b B . X3l T 4% BL 1) PS-InSAR 7715, AR FM
TR TEMMAE R R, BEWTREMAINAAZ] PS-INSAR A mFEH, A4
R

(1) JR 46 FARBHE e % - A IFIE W 35k DL R & 1 B A7 SR X SARRCAZ 4E . FIH 5%
18R AG T R R U ART A 225 1) TF SR R ) = 4R T WL BUR B R . S5 A
T8 1078 TV R AIE 40 A B0 0038 FH 1

(2) FRAZRIERL: T H0HE 45 (0 i (] S 2 L 2% [A) R 4% DA R %2 35 )y o 00 A 2R 22
FIEISAREAZ T A AL E A

(3) FMATACHE: EHFE SR, IS EN RO &8 51
B AT A by E AL B R A, R AAHT RECEK T A BI85 3 5 AT e

(4 EnT¥. EPKERERE, IHATEIMRRERSEMA; @it
HH HoR ALK SN DEM S SARFE AR AL FR 6T B, 54 DAKS %5 Pl % & 2 FR R A AL,
JFENE ST WTIIE.

(5) PSHHIIL: Guit s B B AR Z IR MR B I 18] 77 51, v 580 0 s 1 22 70 3 {8 3
FHER 1S B IRIE B 22 8 40, Wood B m A AR R B9 22 B 10E AT PS s Ak X

(6) T VB AHAL 2 HOAE A (1 8 7 . AR 488 BF 78 M 2 10 L ART 465 # AR ARG AIE , 3% Y
LML RE, SRR ZE U R AR RECE L E S T,

(7) KAMALAG - X%k 2 (I PS 25 3E 28 7 57 Delaunay = /1 T W 2%, #135 fhi it
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TG AL TR IR T I ORES R B2 K AR M DT 7

TP AR LAY A () 2. AR KUM= TRy, SEPLR
SRR B AL . B W B PSRUELAN T VEBIE, S AL T KA AL

(8) PSyUAf I . 378 WA 3 (1 B R A 1 28 50 B A0 AR AL 25 22 B0 EL, AR 398 AF R
S RFAE XY B LEPS R BEAT AR B T 8, IRIUAE NS S AR L SR I A7 PSS

(9) FRASALRKME: X FGIEPS )L BEAT RAARAL AN B, IF EHRG 8 Al T8 X B3
R ZE, PBRNRREPSAN PR,

(10) $hFES A5 . @I FE AR bR R S B 2 [A) AR B AR (1 LA AZ 4 R R
15 3 & A A2 TR I 18] Fr 31 B 5 4 52 380 2 8] 467 B 0F B K PS ki 2040

4.3 SIA HIEALIE

431 FIGEILIE

1. F Bk i

A UK M 2K BAAS T W I SR FH ) 2 PS-InSARE A, SARSZAG T 15 w9 4H & B =X,
N — NI E AR A o R A B S K N- LI M 52 ST T v EURE B A 3t 32 5
Bz, BANEEREES T W TIWAAHME . #H1TPS-InNSARA K, {RiET
PoRE A7 15T & 2 R IR HL H AR TSR AR T (1 OB . (R, R A B Mk HL A 3t
FRAZ LB DR 15 B T V5 0 2 T AR TV B R, AT 3R B o o == 1) T ¥ A AL I

AL FHAAIERE B X R T 2 A, B AR 25 A EE L D
T 2 5 B 0 AR S S R R WA T LR E . B A R, X I T AR
[ T o A O 7 AL 30 [XC 3 pAy b 0 2 38R A 2 o M R 2R AR AR ) AT BB PR R, AT 5
7™ B () B R B 2R R AR OG o AR OWIN B bR AW B EE R, A B WA R K
SRR E BPIRES i (] R 26 (A B = AR R A/ . S (A SR A G, x
JSL 7 0 5 5 00 0 B 7 OA TR Y A TR PR RS R ORI 4 TR A N M T E R I AN
SE M ZE O, T 1R E ) S A R AR R A G . T B AR MR R A R BRI
K, SDEMAER KFZE . oA L 1K &8 KDEMIR Z 5201, M FEAK AR
TRAR T SRt w1 14 1421 o R) b s ) R 2 K B P A S R A K . 2 B 50 A R 2 R R
K, TWMHTHEE DN HTER KNG HBTEREER R, @ DR,

N-1

V=D Vim*7 aeo* b (4.1)
i=1

Vems Voo Voo 2P BRI [MHELL, SWBELUKLZEHHEMT. 7K, X
REAR PR, TR B R . R R AR, — R I s S 2 AR )
JEME L. WEHL 2019/05/17 MG N Ak B A, BRRGTWAHASWE 4.1 F
o HPL R RN BB, BN RN W ARER 32 52 R 0 I 1] 8] B, RITA 7]
L PAAR R IR RN N2 AR R T2 RS AR AR N 2 (R A B, RS R AR R
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Images Graph, Img. Nr: 163 Conn. Nr: 163
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HE R, PRk /NI SR LIEZS 0 A, T HIEIR P F B WEIEZE T F 0. HE
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E 42 SARZEFINESH AT

2. AR H BT 5 I HE

BT B STA 2R 8 JE I LL R, HR S I8 3] 7 250km . A IR 7000 R
N BEMEGE, HO R RS BN o tn R R 2 A8 AT PS-InSAR &b, —
J7 2 BT 3 Rt B, RACEIE AL B AR . 5 — 7, BT S1A &
IHERBAL, HETHBRST KN, RBRUEENGRRABESRD . I EHRHE
RNEETRME, HBRIGENAAERERSKERLRE R, B2 G0 ER
FENFE A RBEAY, GG AER . R KA 6km, GFE H R
R ZAREAT 2, WK 4.3 Fis.
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a) RIGRIGSEE b) M EFRIGTEE
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4.3 SAR E1&#H

HTAREZEPPERE - CNIRESFEEZEME, N T RIEZET 5T
BT NG Re e 5 A 3t AR I e, AT WS AR E BT I B BT 1 X 3 — e & b &=
WA K, WIRBCHE S & B IR ~F— 8. SARProZ " S A% Be vk 75 32K F I 2 4 T
REGE . EIE) SIA BT MIELE AN, FEH S1A BdE B A HEm KR 2% P 3
o PRI AEBEAT AR MCAE R, W2 BN S BOE AT ok . 24 52 AR000 v O Uit
AT DL I e R O RS VA8 R OD K DR R ZE BB 55 S BOR IR AIE R AR C 1 LT

SERBEMEE, ARG THARE AR —BIFR T ——X M. @it
it o A B A% 2 S AR R AT DA T B O AR S SR IE S AR, AR =X 2-11 mTBL
HEIAZBESE RN PIRES 208 WK 4.4 .

Kl 4.4 hat B E N B REME . HT HIM 2NN 42
ght, HAORVRI 25 1 AE/SAE SAR 25 BA fa o B R v, BT DU AR 2
PRIEELR, FoEMm. WTUVE W BRmREFHREZG 20 m2E6, IFE
HAEB K ASI #8380 (SARProZ "I /7 #RIE 5 2 R HUE L 24 Amp.Stab.Index
(ASD £7r, SH MBS T 1 W7 IRIE S 2 R 8. B DL 7 IR1E & 2 R

48



Al -2 8 S

N, ZZ AR . FRa] LUE 2 & 4.4b) 7 AST & B8 my 1) 3 05 5 29 A
AENTHFEY L, HiEE & 8K B2 800 RAE T T 58 PS sk HL.

Amp. Stab. Index 1-Sigma/Mu

Reflectivity Map
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3. BT ab

SR — IR T80 £ R LR AR AL A m AR AR AL o T AE Bl AR o R AT
H R85 FI N ) DEM 3CfF. 78 SAR TR T3 JU A, 3% 7 e i Bk — Ak
[RIARG BR A4 o 1T S B b 3R FH T A7 76 L JikoR 7 8% 2 B B R AR S oL, BPHh R OA
AR BN T SRS EMRIEAAEREZE . T SAR 280 H N #h 3=
PR 2 2 WREK T = B 22 I B 18] 0 A, LR X RS2 AR X 38 DEM SO . #E4T PS-
InSAR 4t B 75 22 1f) DEM A% FE AN Ky, R SRTM30m 445 £ [ DEM Bl ] i A2
BR . ARALFEEEE) DEM SO R U5 T Y5 W5k https://earthexplorer.usgs.gov/.
ZEHE 2 R 3% R S B G 35 [ [ 780 I K 2 R M LB R IR 2515 3. R
EVEHE VAL 60°R R 2h 5602 8], 7 i A BROHE 80% LA LR Rl b K i -

I IR N E DEM iR S H LR RS SAR BN E B SRR A —
B, @B A I XK DEM 4l S A Ry WGS84 S HEAALFR R, ARG E
NS BT AE X 3 N ) DEM %085, a0l 4.52)f i~ . MM SAR 52145 DEM %4
PR AR Xy N, ETHEX SAR EMEENERENERERESHITRIE. HT
SIA A B RSN TE XS FE B vmr, DRG] B4R ARG 3 LB S0 AT R IE 2 55 i ik
W RIEJE W 347 DEM HERFE, KIS H AR ROV G AR R ) DEM 4,
Kl 4.5b)FT 7w o

FEJG SR AL B, RPN MR R AT AR T SR AR I, 3 B DX S/, 0E A 21 Y
g RS R, BARIE DG AE 5 SO B . RN E— 28 i N s AR R ST B8 A AR A
FR A, DR AT 0 B AR R DL K Ja S A BRI, ) D #E S I S AR P B i AT ik
By, RN #ATECHEZ JE PR, BSR4 K 4.6 iR .
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E 47 E75FE

AT LLE B B A A B AL LT3 A B g 7, HORE o T B 2 I 25
BT &e, mEtlUEEGTR. PEERGTWFSAHEZH T RRE
B3 KA R SRR, e =mEEE s . A —iRai T EZ 3%
BB ZEZSTWIER, LT NE, RINEE ML, RiEX2.9),
P A B 22 5y 3 B AT SR 5B b S BRI P A ¢ R En 1 4.8 Fios. AR
B HWRRALEMT RS, AR 7 B S A JE e IO R I AR
FERSE, JLPABE I RS,
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Spatial Coher.
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432 KEMENMET

KAMAAG THAFEPS W1k . TWAHMNSHAE R E . 8P LK
SAAL . BT WA NS EEN, EEYP G S8 S S R
W AR ZE T . o, Bk 22 T KA L RN e R A R i, R A B ) R 2 ]
iR B S D0 T N K DA 5y NG W K AL R A

1. PSri¥] ik

W P Y PS s i BT V5 B0 45 I e AH O R B BB A AL B 22 RV DL R R IR
Ze WA R . R A0 PP 5 VR I BXPS £, RIS 1 8 R R A TH 2> A7 78 38 B 2 PS s 1Y
Lo TR FH PR R B8 22 BB VR IR UPS A, M B BUICEIE I, HAR 2 ZBE &4 5
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