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Abstract

Atmospheric delay has always been the problem restricting the precision of Multi-temporal InSAR
(MT-InSAR). In order to correcting vertically stratified troposphere delay, a multi-scale approach
was used to determine a robust linear model. Based on the model, atmospheric correction was
applied for MT-InSAR. In this research, high-coherence points were selected from 14 Sentinel-1A
images of Chengdu urban areas by using MT-InSAR technology. Atmosphere delay was corrected
based on the linear relationship between vertically stratified troposphere delay and elevation in
multiple scales. The land deformation information was extracted and then compared with the
measurements of continuously operating reference station (CORS). The result shows that atmos-
phere delay values estimated by the model range from 0 to 30.2 mm. The root mean square error
(RMSE) of phase is reduced in the mass after atmosphere correction. The annual mean deforma-
tion velocity of research area is about 6 mm/y, with nearly no subsidence. RMSE of difference be-
tween two measurements is 3.9 mm. Therefore, the multi-scale approach to estimating MT-InSAR
atmospheric delay is proved to be effective and reliable.
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1. 518

PR A A% E 5T (Interferometric Synthetic Aperture Radar, InNSAR)/E—Fh 55 55 () 2% 7] st iy W )
FAR M TGN ERAR, X PP AR RAT TG K 25085 #5053 S (1] [2] [3] [4].
INSAR A = BB T Az s 7 S AR B RN . J5 oK, BEE 2 4 B ik T H R (Differential INSAR,
DINSAR)FJH IR, o FH 45Ia e 21 24 2 AR [5] [6] [7]. 1H/Z DINSAR ¥ 5 FH 52 I 25 S AH S AR
REEIR BT, BRI 7 ARSI RS BEFI AT SEPE 4] BRFTEER M, £ ES THNES, 20%
MR R AR 2 T8 10 om MR AR IR 22, 22 M 22K B JEK 1) InSAR JZAZ W i 45 S T SE 18]

EEXH AL DINSAR H (BT JR PR, (RN Ahi# 2 22 F T RE 1 36T 2 I AH T2 SAR SRR AL I 23
BRI, PRl AN FESEIETWEHIR S k. K s AR k2. Ferretti 58 AZ%
2 th 7K ABUR R B 38 35 (PSI) F1 Berardino 5522 4642 th i 57 L2k 82 (SBAS) T#[9] [10] [11]. 7E PS A
SBAS Jj ikt A I, Hooper $& th—Fhf = v FIAE 5 2 BRAEZR 74, A IFRLE PR 77 R SR )
FT R, WIS AR (5 L [12] [13] [14]. BSRAAFE TR 70 fift S ASE 20 o A 0 K S RE AR R ], H: K
REEIR AR R ZE T RIS BT UK . R ol B B 4 T AR R R A5 IR . Rk, A 0 AR R T
X KAFEIRBATALIE , R 2 A A InNSAR A2 W I i 7] Sk

BRI H TR B RAEB T2 R 28] T EFEA R B 2 KAUS S AERS (B R Bl — R
(ARG A2 ANAHICHY, BRI T DU I~ 20 57 BR300 B R D7 VR G i KA AR [ . (B2 1% 07 1 Ry R A 1l
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KETWEAT S, BAGREN TR, BalfEN 7 F @RS IR M 752 N e AR, #lin
Berardino 55 A7E 2002 =4 H — i ik bisf [ 38R 25 [l e 4 BOR SAE IR AR I 7575 [11] 0 7 VARG K
AHREIR FA 2 (AR O P RN TR AH DG, AE e B SR AVl H IR AR5 S AT 4R T, i i AT 7% [A) 42k
AR JRE I8 AN ) S5k @ I O A 3, HR N R AR IR AT o L2 K ol g0 00t 5 Vo 7 %o M s 3R A7~ A 3L 1)
[FI A 0 TR AR5 5 04T TP b, 1T HL R BR RSB AR 2 R R . thAh, H VRS HEAN
TR AAE IR 7, BN T GPS Hdis 8 A H a4 B INSAR KRS IE [ 7 iR ALEE T R8s 1)
KRR IE J73:[15] [16] [17] [18]. {HAE, JET GPS Hd ity 77 vE 32 uk s i Ar B AN (1 /= B, MODIS
FTMERIS WA RELERL [B13EAT W HL 52 25 55 SR K, 1 286 T B0 K SR8 1AL IE 5 ik RS e AR R R 2%

RAIEIR ] LA 45 25 18] 57 R o AR A O ISR R S K< 3 B MR QI IR [19]. Hdh, 5 RS EH
Rt G R SIE BRI T B E IR, SmEfEa K. KAEIRZKR SRR KR, KRS
PR 2R R (201, FEUREEAE b, Lin ZE RSB ECHREERE B IR Y — kI, B3R
ARG SRR R, St T — P 2 REER RGPS R AAEIB [21] 0 %5 00 8 T j
WEEE S Z BRI, RS EAE BB BRI T, SEIURSHER 2 A& LR TR s T
W RS IE

ACLL Sentinel-1A SAR S8 R IR, LLRSGESTT E I IX S5 X I8, 7E MT-InSAR ARSI H =i
F M gEAE L, SINZ REFEREMETHERL MT-InNSAR K/SGEIR B AR IE, KARIE G MAL
By RiR 2 Bk Bgb . $R% 2016 4 2 A% 2017 45 9 AR ARE O, I H R BE CORS i 2t 1756
iE, DMEBAZET 2 R R MT-InNSAR KA FEIR K IE J5 142 RO ] S

2. BRFE

Hooper 7E PSI J7ikRHL PS fUIERAS b, 5% Hm] DU F R 2 48 05 %) B 1) 0 8 S AR R A 1
(slowly-decorrelating filtered phase, SDFP) s o 1% %8 f 75 45 B[] 35 P Y8 AL R 5 AR B A 4, iRl
PS s B LRk, A RGE AT M AE, Fl T SBAS R LA S B . MM B, AIIANZ
FBEFEA TR AL MT-INSAR KAIEIR 73 IR,  FERTRE IR 5 (1 i AR T R AR AT M AL R g . 225¢
G I MTI AR BUR R B & 1 FoR .

A 74 i F 7 XA ) p+1 M8 SAR S8, G H—IEE AR E A, BHREE NS EAG IR
HERXER LGS, S8 FRGETHED PS Z0Txt, FRGEAE KNS RL W, Wik
fa H AT TR FE R4 . Lt RS B MHERIE A AR AL AL TR, 23 SIA5 BB b — IR 2 T KPS
TIRES T EEM SBAS “IRES T ELE). B % EIRIE 2 (Amplitude Dispersion, AD)AIE1E %
43 B 2 (Amplitude Difference Dispersion, ADD) 8 75 | #2HL PS fi ik si5E A1 SDFP ik fifE . PRI = 245
- E AKX A

DA = (1)
Hrr, 5, MEIUTE p IR PS ZIRE D THWEIFRRIENREZ, w, MG ICIE p+1 RT3 Bl IR IE 7

M. RiEZE D WA AN
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Han
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Figure 1. Flow chart of deformation extraction
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L PR AR I VR VAN AR A S 40 A D SCHER R B 3, AN [ 14 2 1) RUBE Ko AN [R] o e s gt AN [R] [21] o
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3. SEERSHR
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Figure 2. Location of research area
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A R R 1340 ANMPE T A B $REUSFES, ADI RI{E v 0.4, ADD BBy 0.6. fEifHT s
B 7 AHE N TSRS A EU A, AR — B ) PR FRRR R A TV U R . IEARD AR S, %
HEASCHR H 1 79, AR S0 DX I 78 26 Y L, v 2 W R i 58 288 0 PRl e e 2 e 3810 AS [ 17 2 [ R
o MR SIG X I Yu A/, %X 2000 m. 4000 m. 8000 m. 16,000 m Jy%4s [A] R, AHARZS 8] R E#ET
ZEAY G4 3 AN REEVE BT i i A AN R 2 T8 I, o 3 AN RG] T 65 M T35 i Al T AR
6 KA SH, BTG BIZM R AR IERAY . B MR R AT AR IE R JS AR AL EE 4] 4 Fs

El 4, a. by ¢ 504 65 4~ SBAS T X i) 3 AT KSR IERT ARSI dy e A 5R18=
RT3 Pl PR 2R M AR R B0 ) S AAZ s g b i A IR T R RS E R I . M dy ey FHT
PLE B, Lo MR K SR S SRR A 5, XFF TAEB KA C 3B (5.6 cm)i Sentinel-1A T2 Kk,
FLMUEAE Z97E 0~30.2 mm 2 1] o K6 70 25 0 K (A7« rad/km) 1 22 R 1) s R 22 20 BRURTARLAE 22 ) TR P4 153,
B S % X R T B R AL R I . X B KRS IERT JE ARG B, BT AR B A
LA BA B — 5 B . KA IE A JE AR A 38 5 AR 1R 22 (38 L)X LEABER B, KA IE S5 AR 3 7 AR
ZEAT RN, U6 AR AT AR S AR 2 T B E IR ARG, TEAAR SRR I R A A . A
BRINR, RERIEREANTU R ZER N, BRI S TP X, 525 () 550 A QI 4E
iR 5 AT .

TEHHMT RS IESS, Mg SBAS ARMRIEAL, X KSR IEG ST S AR, 15 315050 X
AR ZI B PP R ] 5 fR. B 5 WA, SEE KIS TR ARE R 6 mmly
PAPY, BEANRIX A RS S, JLFEA D% . o, CHDU h—/~ CORS s, {7 TIRX A E
X I; FAE R ANEAMENSE S, av by ¢ 0 BINRE . ARG T, FTEE K.

DOI: 10.12677/gst.2018.62011 90 M Ea R p A


https://doi.org/10.12677/gst.2018.62011

140
120 - SAAR SR (8]
1. 20160206
100 ¢ 2. 20160723
3. 20161120
__8or 4. 20161214
E 5. 20170107
% e0f 6. 20170131
i 7. 20170212
W oaof 8. 20170224
9. 20170320
20k 10. 20170413
11. 20170507
ol 12. 20170823
13. 20170904
14. 20170916
-20
40 ; . . ; . . )
-300 -200 -100 0 100 200 300
) 25 (day)
Figure 3. Temporal and spatial baselines of SBAS
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Table 1. Comparison of RMSE of phase before and after atmospheric correction

1 KSRERERAHIGRIREN L

RMSE (rad) RMSE (rad) RMSE (rad)
SBAS F 5%t SBAS F 5%t SBAS Tt
KRIERT  RIER KIERT  KIERE KIERT  RIER

20160206-20160723  2.10 215  20161214-20170212 1.41 1.38  20170212-20170413 1.23 1.24
20160206-20161214  2.00 2.00  20161214-20170224  1.40 140  20170212-20170823 1.52 1.50
20160206-20170107  1.74 1.74  20161214-20170320  1.19 1.22  20170212-20170904 1.41 1.37
20160206-20170212  1.52 152  20161214-20170823  1.95 1.95  20170212-20170916 1.61 1.56
20160206-20170224  1.45 146  20161214-20170904  1.44 1.44  20170224-20170320 1.26 1.25
20160723-20161120  1.85 1.89  20170107-20170131  0.92 0.93  20170224-20170413 1.51 1.53
20160723-20161214  2.03 211  20170107-20170212 1.3 113 20170224-20170823 1.39 1.39
20160723-20170107  1.77 1.83  20170107-20170224  0.99 0.99  20170224-20170904 1.38 1.36
20160723-20170131  1.74 1.74  20170107-20170320  0.99 0.99  20170320-20170413 1.81 1.80
20160723-20170212  1.80 1.82  20170107-20170413  1.84 1.87  20170320-20170507 1.88 1.87
20160723-20170224  1.72 1.77  20170107-20170823  1.66 1.66  20170320-20170823 1.85 1.85
20160723-20170320  1.97 1.98  20170107-20170904  1.39 140  20170320-20170904 1.44 1.44
20160723-20170413  2.40 239 20170131-20170212  0.78 0.76  20170320-20170916 1.94 1.95
20161120-20170107  1.09 1.06  20170131-20170224  0.72 0.71  20170413-20170507 1.49 1.42
20161120-20170131  1.16 112 20170131-20170320  1.21 121  20170413-20170823 1.88 1.86
20161120-20170212 153 146  20170131-20170413 153 153  20170413-20170904 1.85 1.82
20161120-20170320  1.34 132  20170131-20170507  1.86 1.83  20170413-20170916 2.11 2.07
20161120-20170413  2.21 220  20170131-20170823  1.50 152 20170507-20170916 245 2.47
20161120-20170507  2.26 226 20170131-20170904  1.42 142  20170823-20170904 1.25 1.26
20161120-20170916  1.79 1.79  20170131-20170916 1.46 147  20170823-20170916 1.32 1.31
20161214-20170107  1.15 115  20170212-20170224  0.75 0.76  20170904-20170916 1.46 1.46
20161214-20170131  1.44 145  20170212-20170320  1.28 1.25 RMSE Ziy#/s: 0.13 rad

SEIGIEIT CORS T AR ML B0HE ot FE AR i S 48 SR BEAT RS FEI0AE . 1T CORS b = AR, LI
VAL WS AL AB RS (8], CORS AR N =40 T 5 BARFEAS &N 0 mm, K LOS Az As & S 2 R B
], TS 2R M I 45 T ) 28 T MR AR 2 SR BRI A S S ] Sk . PSR I &5 SR 25 (5 RMSE W& 2 B
INo

IAFSE SRR, WSIBAR W45 SR 22 AR UEZEAE 4 mm DAY, EB T A S iR 507 e
SOIEIEA P
4, gig

A LA Sentinel-1A SAR sAZ AEHE YR, PUSERTE EIR X NSLie X8, FEF MT-InSAR $HARFEEH =
M A, 5IANE RERAEG TR AL MT-INSAR KA IEIR 20 B MRS AR 1E . BERISRAL 1) RS IEiR
fF 0~30.2 mm, KAMIEJGARAL 2 7 AR 22 MR Bk, Wi A 22 RO 5 VRl HE A 2R PR TR N T KK
BIERA M. RAKIEEA T RRZER I, WoZE R IR T E KA IE IR iR E 2 2

DOI: 10.12677/gst.2018.62011 92 MZRLERAR


https://doi.org/10.12677/gst.2018.62011

ik <5

104°0' 0"E 104°0' 0"E

Z Z
o s
2 ® s
S| S
o on
! "
4 6
2
2
z =
o o
= 3 -6
S S
o on
-10

104° 0' 0"E

Figure 5. Average deformation rate of LOS direction
5. LOS [a R ImE R

Table 2. Accuracy verification
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