Hata

DOI;10.13878/].cnki. jnuist.2020.02.010

FEA BET E=E gk AR’

P 55 S5 5140 R InSAR 2 QBRI A5 £ 1

HE

Bl i £ e Kok K AR 0 R
Yo% £ 5 %6 InSAR % T Kl 45 Z 89 &
EZREZ - MHRFEETRABS TS
ARG REAR, 2 H FHKEHBE
Fo R iR 2ARFE. A= BRA A
MiAe R BB st A iR 2 2 B I AR
FEIMAE FT & *F £ 4 A8 AL I A T AL,
KA B A B G R A0 e AR R Tk A
A BEARAGIRL, AT KAH
TRARREGS B EMNERERE
WM EBEL %3 £ 695 R TR
FAE—HAMBFELT, AL F ks
HNAFEO ALY E ATk FEY
TR E ARG kAR T 98.8%.
ASAR #¥EFL B I FE B EREHK DA
DT B R T kAo G k4R
WERMEM, S B EEARTRE N EIA
¥k TR K U R A R R AE T
T R LR B AL,
KEiF

M R % A4k % B 48 InSAR; B &
ALY EAE

HEHES P37
XkFRERS A

iR BEH 2019-10-15
RETIE &K B AR 4 (41474007,
41404013 ,41222027)
EE RN

Fa, B A By o A LR S
KW R REERS S R
wjchao1608@ 163.com

1 WIRRHE s WEIRIREE 5 20 4 TR 2ABE,
HIVE 411201

2 R HERELE S E B, KV,
410083

0 58

A AR TR IS TV (InSAR ) 24 B9 K0 [l b 2 AR S it 1 5 A7
JIR TR IR AR R Tz 0 T AR S g AR H R K
B AR A AR BN R R 2 B M R O 9T . 24 InSAR B
U8 I s AN [ 5 2 Y5 2 A 00 5 295 2R 7 2 A 22 , AR SC TR LB iR
2 MM R AHE IR B BT AR A A0 SRR 18 22 23~ 30 FE1 A I 1 WL
DS ZVBE SRS A R 2 TE T E P UE IR 22 2 DL R G Y 3R 22
FRBUFAE. 584 L B T W0 BB TE 12 22 2% BCEOR B A X RS BEAR T 1
mm "1 AT ERS Al Envisat TLUERG % PSR 1 TR AIsE
B A PE IR 2 9 7 .24 118 em ,ALOS #1 Radarsat T E&A
PRALRE B HUE RS, P T TR BB A I 1R 22 OE S R fig
8 JE DN R SR A A g T i PR A TR L 22 DR A E IR AN —
B, FECT S B R AR BRI A R AHE SR AR A, e S A =
1) HACHs T3 R XT38 B B a5 742 A 5 RS 1) b I AR DG 18 R AU IR
2) B s it B AR A ) 28 A T B R (10 TR D | ) RAHE
R 53) RAGH AR i B /R (JLTKELT ) RAEIR. Hrp
P AR G AR R AT LA S g g A DG (1 A R A T AR
GEIR ] 3 5 ST B AU R A A B R R AR AR S ) A AR
1 SHIE R AL, B 52 RGP A2 A, O InSAR WL i) 5 e 1
2.

HETEF XS InSAR WU fr) 38 48 15 25 (AR vk R 20 =260 1) M
RIS | A S o 0 L A g RN A AT R e T R Y
RG22 AZITEMELL XA KR BOE AR MR Ge i 22.2) I TR BaE R
DR AR BARIRBOEL S HC S A2 e R AT X Re A T e &
BOME—ERE FROERUERZE | HRPEREIRIKIRAFTE.3) 25 [H]
BEAE 2 AR A () S N7 U R AR S, A s ) o7 B 1Y) — B B v
BYeREOCR 22 2O IR R AR KR A R R B iR ZE A RE X 401
[ JL 1T 22 I AH InSAR B T RESE IRMZ 58 InSAR AR B SR AH T[] 4h,
WA R GE 22 B SR A TR 4IE 1 AT AR AR SCHT B 3R 48 2 800
T3 SAR AR R GU 1R 25 AT AL, X 52 i it 4B 1R 1 2K AR TR 75 5
M FA MR A, FH BRI 2 558 2 B0 i A e /s — 3 D v [ A 1 &=
Gk 2= ML AR SHL S A J5 Al L, A S5 B 0BT DX ] 28 S Al
AU TER IR AR B BR IE B Al 1T R GE R 22 FUE AR 3 TIB A2 2



Fs, S5 IR G SEA Z AR InSAR I 28 AL AR A 1.

224 WEI Jianchao, et al.Spatio-temporal modeling and deformation estimation of multi-temporal InSAR with additional systematical parameters.

BURSTH RS ] SE .
1 %A InSAR BY BT 2 R £ 18

Y-S NSRS TR, P IEM ST
W 22 AR R
@) = Coty T Puporees T Pty ¥ Patny T Paceiys (1)
AR T @, HIEAMAL R 2L /Y I 23 15
ANy

Lig =fCx,y,t 1 a,), (2)
Horbx,y FoR P2 (007 B¢ R a, KT AERRY
B 7 AR S B AR,y T, IR A TE %S
[ _L ARSI f o,y el @) AT R (2] a,).
T 1, I A0 AR ¢ k220 9 IS A B 1 -5
Hr, PRI ARAL ] KRR

4
Cary = Sl ,st) = f(x,3,00)ar (3)

A () PHIEFRARANL @, e, TEAE AL
4ar - Bperp‘p

Puvrens = T R~ aing | e (4)
Hortt Ak, S P EIGBGES B, T
e AL, 0 WA A R N ERAR TR IA KL S
HbrZ . (1) Y ¢, , FWPUEIRZEARAL
) IR, L5 THIGAR S ROTE 1
SRR g, KIIERT o, . AN
AR 1

Pump = Pamsery T Pantoney T Patmurp » (5)
Horae 53 2 SE R P vy R T U A A S A AN 2
IEMY IR R AR TR o, ., FIBEHLEAY
HEBE 0 T SR g, RV 5222
@, ETWEERA RGBSR, 1 2 )
A InSAR FY R Gt 15 22 WL AR B4 LR N 20 3R G 1 22
TRCE A ST, BT IE R 22 AR R 5
b S UL PR 220 9 ZR e iR 22 LA — 4k 2 I At

Prrena = b1 + byy + byxpy, + o (6)

Syl b e B 22 R e A 4 5 (6)
Eigglg:ﬁ\lﬁ,/ﬁ\m =[x Yy Xy X’ yz],r =

(b, b, b, b, bs]" X(6) 5HHEMHELA.
Dena = mr, (7)
W p 76TV B i RGER ZE AR
Prendme = Prvendn = Preenas = (1, =7). (8)

H5R(3) (4) FI(8) AR (1), 18 AT s
HOR 4 M 5% 2% 2 KOR WD 25 26 2 K000 L0 A
(R

4ar - Bpﬂrp 47
PN R ST Ul
fley,e))a, +m(r, —r) +4,,  (9)
Horpr A, FE 2 T i AE 3R A AR I Y Bl AL %
ZEAALL

AR Z A InSAR A 5 1 V 5 SAR S8 41
M ETF B E X3 R i S A HAR ST 4
Fr @ 1 ps) WG M ox S AR 7 Fe. 5 i E

M A
v = A X + B Y + W, (10)
MSx1 MSX(S+7)(S+7) %1 MSxuN uNx1 MSx1

Forb w2200 H WA IR ] 5 WORALFE R
i L FIE S 11 A M 7 7 PR L0 e s X O 0
WP EE [ A AU RIS R a, BFRRS
B Y A SAR AR IR SES K i r
IR R S B, T s w (7)) sy &
SRz r TR ANEGA M B i RR S
i) & B0 28 8 2 ) i 1) 2R B0 . Q1 SR BB BILASE
B .

Dy =Py, (11)
o HHAIBRERZE Py, Sy WINE A AR, A 2RAL
SEAH PR X WL J5 2k 9 52 00, ] ARG AR PR Al 3
2SRRI E Y 22124

o2 = (1-u))/(2pl) (12)
Horw, Ry i AR TR L AR T PEAS T 200,
PR 5 22 R AL U 2R 2% 1 fid Ut SeE 3R DA B 5 A 1 Wk
PRSI o 4 R, R LA A S B i I S 38 A
FHT W75 1 0 2 Dy 2215 B R I RGeS 8L
AR IS /N — 3R U S 22 , U

A'P,A A'P,B|[x]| [A'P,W
B'P,A B'PB||¥| |B'PW|
4N, =A'"P,AN, =A"P,B,N, =B'P,A,

Ny, =BTP1,,B,H =Ny - Nle;llleym‘sz"zﬁﬁ‘%ﬁé%
ARG SE

(13)

N, + NN, H'N,N;' -N/N,M"|[A'"P, ¥
_H_IN21N1_1| H BTPq,lll .
(14)
2 LB

2.1 MRS
WAL SE X A KA B 3 UL T M It



B AR 25 22 M ARRRERD ,2020,12(2) 223-230

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2020,12(2) :223-230 225

P RS By ML SR 7 | sl WE 5T IX AL T b 7 Wy 224
B P S5 AR SCRLAEL T WS 1 0 T, BIHE 28 A
RGeS ) E R SE A —80 T U (6)
PR AL I (IE A TR P b 72 B[R] 28
PEARACI RSB B 28 1Y i 25 B Sy
fla,y,tl a,)=(ax + a,y + ayxpy, )t

S VAP LA

(15)

Por = [x(t, =) y(t, 1) wy(t, —t)]-a,,
(16)
A PP b B AR ST Y FR G 25 AR AT R
@ =[x e —m ey
-y Xy -xy] - r (17)

AT ULEMETE AR S0 i a, RN R 58 5 0]
o EAE ) AR AL 58 A — B, (H R e 4 R U
R rp B R KO M A H ). 24 H AR S g 2t B
ARl B A 1 AR SR R LR 25 R B L Ah , A 3
BT i i R AR HIB A% 25 il e 22 SR A
M 7 | i A B 1 A% R 2 11 R 4 5 4 — R 1Y) 4
L WEFH(E 1) EEEE 2 B mSL 5 iR,
S3H2S [E) BUCHREROE (R 58051 ) MR I & 58 241
(AR 238 PR AR RS (A ST ) AT E R G iR 25 R R
AR SEL, I BT R G015 25 RECRDE AR
RBH I I 1R 2 (RMSE) |, 1E S 5tk B
FITTAN , FERR 8L S 56 v | o T A O30 {1 AR [] %) AL
M LS80y e 2 A g a s i e SR AT LY
FEOT RGUIRZE B, AT AL Je AR SO A5 5
41 SAR SE AR Y 2R G0 1R 22 Z B0 T35 A X 47
ZE07 AR5 TV BN N 250 R G012 R AU
S5 RN R K 3 BT T EAERE
LIS RGIRZESEUNE Aa, , TWEIZETT L
]y FRY2E5r RER2ZESENE Aa, , DL IR I xy
FZESRGRZESEANE Aa,. AT IER RN
Aa,,Ad, f Aa, i) RMSE {8 H A& G0 7 ik AR T
97. 54% 92. 45% 1 12.90%. K 4 7% T YIRS EY
TSS9 AL 5807 145 B A TP AR 3R AE 25 (8] AR 1L
B SEPME I AL, RMSE 4 60. 92 mm/a; A<
SCTIEAR BN B AR W3R A ADE S 42k, RMSE 2
0. 67 mm/a.

2.2 EXHFIEXE

ASCEEPE L B AT 39°50'N, 116°38'E, TH]
TR 4 000 km® (5 IX (& 5) i X380 F- 3K
h 43,5 m, B RS- 4L 6B 55 S8 X Y 33 S
[E] 5 3 M 2007 4E 1 A 3 HZE 2010 459 H 29 HY

B TR T8 A 23 AR UL

Fig. 1  Spatio-temporal phase observations
in interferogram stacking
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Fig. 2 Flow chart of simulation data experiment
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Fig. 3 Estimation results of systematic error in simulated data experiment
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Fig. 4 Estimation results of deformation rate in simulated data experiment, (a) simulated deformation rate,

(b) estimated by traditional method,and (c¢) estimated by the proposed approach
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Spatio-temporal modeling and deformation estimation of multi-temporal
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Abstract The systematic error of InSAR is composed of orbit error and long-wavelength atmospheric delay, which
is one of the most important factors that affect the accuracy of InSAR deformation monitoring. Traditional method
models the systematic error of each individual interferogram in spatial domain,so it is difficult to distinguish between
the long-wavelength deformation and systematic error.In this study,we modeled the systematic errors in spatio-tem-
poral domain, determined the weight matrix of the observations according to its quality, and estimated the
deformation parameters and systematic error by the weighted least square method.The simulation results show that,
even in the extreme cases where the spatial characteristics of deformation and systematic error are completely con-
sistent ,the proposed method can separate the deformation and systematic errors effectively. The deformation rate
RMSE of the proposed method is 98. 8% lower than that of traditional method.The experiment with ASAR shows
that, the proposed method and traditional method obtain similar results when the deformation scale is small and scat-
tered over the study area. However, when large scale long-wavelength deformation occurs in the study area, the
results obtained by the proposed method are more robust than those obtained by traditional method.
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