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REESZHAS TR EEE D ). STk, $2H— PR MAkTEARD DL Ak 1 R i
J¥ DS-InSAR (Distributed Scatterers- Interferometric Synthetic Aperture Radar) JEAF & 751k
(Joint M-estimation and Bayesian Estimation- InSAR, MB-InSAR). % /7 75/# ] = 5N Bcid) 23
PS-DS GBI, K hiA DUt e £ oA M A 2050 B T AN [E) 7 Z27K-F1 DS B2 S 44
The BEAUSEER 45 R MB-InSAR XK IR [] 7 41 ()3 28 0k 118G FE AR T A% G de R ALR il T
AR DU e v e 1 47%,  H52 PS RV FERINE A5 RS2 B0/ o AR ORI [X se i b 5
= GPS i gl £ RO s RAF (0 — Bt SR IS AN SES IS Sl T MB-InSAR J5 ik
S A EARTEAE S Hh v A 2, 125 7 DS-InSAR HIRTER JRHLRIAEE T KR AL fif
SRS B R ORUEAR T B AR VB B2, A B T8 7RG 4 30 3R T AR R AIE
K MG RALREE TN ERA, /2 mEdR: MASTE: DUl

A joint M-estimation and bayesian estimation method for

DS-InSAR deformation estimation

LI Xiaotian', XIE Lei'", JIANG Kun', SHAN Baojun', ZHU Lingjie', XU Wenbin'
1 School of Geoscience and Info-Physics,Central South University,Changsha 410083, China

Abstract: Objectives : Distributed scatterers interferometry (DS-InSAR) significantly increases
the number of coherent target pixels in non-urban areas without losing spatial resolution. However,
there remains a challenge in balancing the quantity of coherent targets with the accuracy of
deformation estimation in conventional DS-InSAR method. To address this issue, we propose a new
DS-InSAR method that integrates M-estimation and Bayesian estimation (MB-InSAR). Methods:
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The method proposes a three-arc strategy to construct the Persistent Scatterer-Disctributed Scatterer
(PS-DS) arcs network, which provides a more accurate prior distribution for the DS estimator.
Subsequently, the DS points are divided into different categories based on interpolation errors
through the velocity interpolation variance. The points with small interpolation errors are solved
based on weighted Bayesian estimation, while the remains with large interpolation error are solved
based on M-estimation. Results: Applications on simulated datasets demonstrate that MB-InSAR
improves the accuracy of long time series velocity estimation by 47%, compared with traditional
maximum likelihood estimation and Bayesian estimation. Moreover, MB-InSAR exhibits less
sensitivity to PS density and noise. The experiment in Katy and Sienna, Houston, indicated that the
MB-InSAR method increased the number of measurement points by 160% and 125%, respectively.
Futhermore, the velocity obtained by the MB-InSAR method shows strong consistency with GPS
observation, and the maximum difference between the MB-InSAR method and GPS is less than 2.5
mm/a. Conclusions: The MB-InSAR method is effective in improving the estimation accuracy for
the DS targets, which can shed more lights in deciphering the fine-scale deformation characteristics
with the complex surface environment.

Keywords: Multi Temporal Interferometric Synthetic Aperture Radar; Distributed Scatterer; M

estimation; Bayesian estimation
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Fig. 1 Pipeline of Proposed MB-InSAR Method (Ny: Threshold for Velocity Interpolation Variance)
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Fig. 2 Weighted Arc Secments for PS-DS Network
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Fig. 3 Simulated Dataset

BEALA 2000 /> PS £F1 4000 4~ DS £i, 73708 PS AR 31 DS BRI INIIMEA 0 rad,
PREZE 3 0 0.5 rad. 1 rad FIBENLME RS o ISR RVARfETE. DU 71 F1 MB-InSAR 77
EXE DS ZHUOKR . iR 278, MB-InSAR J7iARIEZ TR % (RMS_v) A 0.35 mm/a,
FHEC DU o1 (2,71 mm/a) #2117 87%, AHELEHR KB TH (0.98 mm/a) #&5 T 64%

(Bl 4(a-c)). VUMbt Z= A g R Bon (B 4(b)), FRZEFRHI R IETE AR TR
FERRKIIX IR (B 3(a)). BOKBURME T DEM % 2 f5% 2 40 A W B 25 [ 0 A e, 3
DEM 2Z¥ 7% %8 477 m, JUH-H{EH 1 MB-InSAR 75758 RIF 451t DEM %%

(K 4(d-f)).
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Fig. 4 Comparison of Deformation Velocity and DEM Error from Different Methods
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Fig. 5 The Sensitinity Tests for the Observation Noises.
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BT RERRIR T 47%: SR AL, MB-InSAR J5 i Ad 1 38 R 45 5 18 22 PR T
64%. Kl 7(b)fs 1 VUil vh i) DS SRR ZE A, FRERKI S A AEG D> PS XI5
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P 6 B AR 5 2T 26 1R RO AL B dfs

Fig. 6 Simulation Data Under Deformation Gradient and Cavity Conditions
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Fig. 7 Comparison of Deformation Velocity and DEM Error from Different Methods

N T RERE ZFOTEAEAF PS FUR FESAM NI TS LAk, A SO N 7 4L XS B e :
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HRWNTER 1 . GRERHE EERAL, MB-InSAR JiEMTEESH A THERERR
S, HELTTRELIN 1.97 mm/a, T MLE ffHHR1 DL 65 1 5038 2R 2 07 1R 22 i sh K,
HERZ AT MB-InSAR J5i.

T 1 =P IELEA R S5 BT B R Y T iR 2
Tab. 1 RMS for Three Methods at Different Point Densities

I PS/DS: 1000/2000 PS/DS: 2000/4000 PS/DS: 3000/6000
H¥5 7 % 25 (mm/a) B35 77 1% 2 (mm/a) B8 7 1% 25 (mm/a)

ISR T 491 5.42 471

DU gt 4.51 3.61 2.91

MB-InSAR fiiit 1.97 1.93 1.96

SRABRETHIEL, MB-InSAR J594-5 DU WAl T J7 250 B2 96 15 S5 170 489 o ) 4
PPN T FERER o 5 UGS TR L, MB-InSAR 59 mfh vHE R B 0 T 9B,
BRI EIE . FRAM =ML S BRI R, 45588 MLE fhit
TR, FER f/bs MB-InSAR fhiHHIRCR 5 2 5B Bl T+ I B R k. 4
WSLIEE R IR MLE i1t 5 2 s E 5 DS kM A 00, MB-InSAR 773 A b UM Hirfi i
AT LA S F0 93 T S0 DASRIUE P B g A T 45
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Tab. 2 Time efficiency of three methods in relation to the number of arcs

J5i: BB/ TE] (B2 SB[ SR BE =/ [8)
MLE 1 il 2000/14 4000/29 6000/44
DU fiti it 1935/76 3983/159 5981/250
MB-InSAR f# it 5805/218 11949/450 17943/687
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IR 3 P [ 4 i N AR T 7 Y Sienna A1 Katy PN X AE g SE5& X 4363 MB-
InSAR BVEAE B Sz serh A 2k (B 8). H EAMELLISK, REFF T2 1 ™ & 1)
MR DTRE, 32 B R PR N K AR S A R, S R 3 7T 1 3R 1) S 5 T AR 1] R
PRI AL T2 GPS M5, ASCHMINZS R (ESA) SRELT 2018 45 1 H 8 HE|
2019 4 12 H 29 H3L 56 E Sentinel-1 235, LA 2019 4F 1 H 15 HY SAR 2 BAEASH 17
%, AT SSTRTEL M 30 m 2R 1) SRTM £ s AR 1Y 281 5% 5 b JE2 AH 437 23 5 DA
JAE R B G fis 1) 2 AR A . B IX N SEE TSR A GPS 36l B4E 453 78 Sienna
HiL[X () RPFB 3k f5 Al Katy #1[X ) UHCR. OKEK. UHKD =/ fi. Hrr, |3k 5 UHKD
5 InSAR (4 H A ) A A 2019-2020 4F, H20%E#E UHCR. OKEK. RPFB —AMuli s AT
X LRI .

Pl 8 BT FEIX S

Fig. 8 Overview of the Study Area
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b, S5 5R IR Katy X & S HCR B R 3E0, 34,036 M INZE 88,574 4, s FEIRTF
160% (& 9(a)(c));: Sienna Hi[X4id MB-InSAR AbH 5 & N ARG K E, & A
i 3,051 MEINE 6,876 4>, A EIRTF 125% (9 (d)(f). K 9(g) 5 (h)Tir i Tk % 2
[k 2= F B R T PS SR X K. Katy Hh[X 2 4E 1) PS s DS A4 4E TR # i e 360 550,
DAL DU 74t 7111 MB-InSAR Al 145 I B AR AG L. 1 Sienna HuX PU g H T A %
£E11 PS mWHER(EHH TR, 330 DS SRS HIEE R ER K. Bk, DU B ik
EIX— 5 TS EUE TR A, 1 MB-InSAR J53EH 8 M &1+ %HX — %64 DS AT
vl $&m TSP .
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Fig. 9 Deformation Velocity of Katy and Sienna Estimated by Different Methods

EFXF MB-InSAR J7VEAG V1T AR o 6 45 S A I 5 pd % 5 B S 39 0 ) X 3 S g — 2B o #r
Katy Hi[X [X 45 1 ) MB-InSAR 25 5 Won B R TR -<F, BT 2B 5% 5, PS
g P AR MESE IR0 2 1 ] SR A, RARE TR B 25 X I8 MB-InSAR J7i A R
B 10); Xk 2 79 PS MEIZE SR o TR G 5 1 AR s G # Bi fRTRE 2, 1l MB-InSAR
I B AR B T 445 3 ) L R B AR T AR A - Sienna 3B [X T P4 [X B2 Hh 7 (X sk 1 AN X sk 2 (&
11), MB-InSAR J7 VAR AbEE 25 5 BRI 1 BUR A AE AN X IR 2 508, BT Sienna Hi[X
[IVE R AR AR B 5, PR BRI T PS si%i/b, {H MB-InSAR J7 5 AT il
FZIX A TRERES, THREUEES.

10 katy i [X 1% A3 2 0 b (G 32481 75 22 BB 0.5 mm?/a?)

Fig. 10 Comparison of Deformation Velocity in the Katy Region
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Fig. 11 Comparison of Deformation Velocity in the Sienna Region

AKX ) =AY GPS 3 i P55 I E 5 58 E S, HEEES
FAEIX =AU S AR R AP0t R R (B 12). ¥ GPS 4 FIUif4# % 5 MB-InSAR
R T AL AR AT X LL oM. GPS 45 RH 5 il 5l OKEK BB AR % 4-12.45 mm/a.
UHCR #-12.65 mm/a. PRFB HJJEAZH % 4-3.73 mm/a. MB-InSAR {11 Hi %k £ OKEK [/
A N-10.28 mm/a. UHCR N-10.22 mm/a. PRFB H-4.29 mm/a. — A5 GPS %K 7%
BB KA /NT 2.5 mm/a, B 12 B GPS 5 MB-InSAR 45 B BH AR — ik, 363
7 MB-InSAR J i 78 b i Wa 0 v (4 %

& 12 GPS 5 MB-InSAR JEAZ#E &% (mm/a)

Fig. 12 Comparison of Deformation Velocity Between GPS and MB-InSAR (mm/a)
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