H o448 BT H
2019 48 7 A

RV EPNIE S S -

Geomatics and Information Science of Wuhan University

Vol. 44 No. 7
July 2019

DOI:10. 13203 j. whugis20190025 EgH

XEHS.1671-8860(2019)07-1099-08

E

EEE

BB LIk DT 2R 5E I InSAR JE RS 22 KR AE 55 Pr

x| E

FEAFR THERER A4 M kW RIE

1 R RAEERFLE 55 BB WM K YD, 410083
2 PRI A b ERAE BT B L 4R k1L, 538000

OB AL A T Bk = AR K 2 e T Bk AR AR b TR 5 0 MR K LA R R ®
AERENHG R, BN ZXRBSEAEHRTREENNTL I A AT PEFAFHA DT EL
BT AMGESM FZ4, EEWNASHLREAXGRZAATLR S, TR ET LG NENEARR L,
#) A Sentinel-1 #x#% %M 7 2015-06 £ 2018-09 ML T B EREE . LR AN MBLTHEVEEZRE S
A ABARECEAGRERS . B ERFEH—20~5 mm/a, B3 KRB EiE FAT —30 mm/a, BRE
IBZERBEMMREN BT RHBRFHFERIAREIA L, A THRMOBELER, THhL FTHRETEY
W EHNBAT T AR, 54 2018 S5 Hh L TH A IIF F R BN AEHFEARFT T @0, AR T EZTR 54 L
WA BRI ZF R R, PR LA TR T HFTHRELAHER, AR IEALE S RBF TR

WEABELE RERERERET AL SFARKREFTEFL F 0052 BNRET 2k,

KR b L s PS-InSAR; H & Wl ; bk 0
FESES . P237 XHERFRERL A

oo 1 o2 e T B = A kT R Y R S S 3 X A A
Tl i R b 38T A DX ] B A VR AR SR H 5 %
VI, 28 30 2k P D i e o ik s 8 © R HE Bl T
KW HZE T Be, SR, Bk = A M X 55 114 7K SC
b 5T 2% 1 45 45 Bl R TR BE TR A ok T EE Rk
A58 VS A 1 Ml T R . 2018-02-07 , 4 Ll T b K 2
5 2 ) T 3 22 I W 1 O R X T Y R R it T
AP ERL 11 ABET 1 AR 8 N, HE
ZPMARL 5 323.8 ot . el Tk = A
VYR AR LT B A T XA T AR R AR
DX R R P 5 2% 0 Lt T o 48 DA B N 26355 Bl 0
5 ) S50 M 1T I 8 B M G AR AR
T A S 2 MR AR A AR A I 7 4

A AR B 35 T ¥ I i (interferometric syn-
thetic aperture radar, InSAR) 7 A B A& WL 5 FH
R BE 5 CZE K G0 A 2s 0] 3 B3 iag i A 34, 38 Wi
82 Ay T b 2 7 e AW 00 R b o 2 S A ) A T
B BT X, Alex S5 EARSES 35
it ENVISAT 1 COSMO-SkyMed #3515 3] T
AN TR 18] 7 0 s 1 88 53 DX S8R 4 9 28 M T 4
Wang 2" #] /] ALOS-1/PALSAR #l ENVISAT

s B #1:2019-02-20

BAEATAT T 2006—2011 4F 8] ] A6 1L f) B AR 4
i I S T Hb Ak R T8 T 2 5 T AR AR AL F HoAth
DR 3k th A5 AP B 9 2 e B ) L T 45 (8
TerraSAR 3218 4 5 W 7 F¥ETH 2013 — 2014
AEF 2016 —2017 4R Ry ML R UIREAF B, /3B 118 #%
X 39 o A AE R B IR B R 45 R A 36
ASAR FEAR AR ICT 5% 3 B 2k I Y 2k 1 b 1T 350
K3 35 o0 T AR R . /T A I 5T R B
ZAEB T InSAR H AR M3k T AR L (A H
T VA X L DX 38 e BT T B 2 SR T R G AT
G« il /R L ) b B S A 4 AR, I T R
F14) st [E) 4 A B 58 328 » AS B S 0T 41 R 1) DT B 5
Bl. AN K T R b, 3R R 45 T i
b A T AR 43 DX S A7 — o R T 3R TR L X
RGP, HH BRI LU AE Z KR 2
J5 BB S AR A L W6 AL Al A DD R, I NI A
PRI I o % L T 2 %) 370 5 1 3 B0 7 J A e
T IR BT .

A SC VA L T VE R 5T X, B Sentinel-1
BAREFE T 2015-06 % 2018-09 W] 85 4> i)
AR LT AR 25 L I k1L T S TR I

T E & B . P oK b e A S AR BRI 45 9% & 30 B 42 (201722ts774) s F K A AR BF #5442 (41574005)
E—EE R WA, EEHFGE T InSAR B4R 03 54887, 165012110@ csu. edu. cn

BWAEE SO, L Bl 2% . fredgps@csu. edu. cn



1100 K FEH

f& BB 2 R 2019 4E 7 A

BT R AT T R G M. B X 2018 4
Ll b 2k 0 Bk E R, Rl T PS-InSAR
(persistent scatterer InSAR) $ A XF 1 1L 17 fr A
Hi R VE 2 Y DORE AT T W, R 5T T MR T £
8 0 e LA L S B IX A O B R A 4R L T 4R

i 58 X 33

A LT L T AR A R R R Ak BR YT = A

24N

21°N

o

L 3)
114E 117E

K1

Fig. 1

BZE 2019 4E, LT HFdE B E T 4,
YN L AR BRI 2.3 B LR K 7 ST AT
BUAE) AL F it T R B B, WIE 2020 4R 46 B
griz g, HErh Lk B K 408 150 km, 4t 78

22°48N
11300
CAUNIEvAR EFsPE k7R E AP,

Location Information and Metro Coverage Information in Foshan

Vb NE H W 5 DX S 1 TR L S R &
112°22'~113°23".db 4F 22°38' ~23°34", M
AF S 35, R 43 X381 1 4K B /N T 20 m
b Ll b X 2 O 5 0 R AN DT Y A 5 R A
20 m A4 Tz B SRR RS
15 AR AR AR BT B 5 B AR A AN B TR M B R AN
ol Ly I AV 2 XU R A B i T I
KB T A HRIRL N 22 °C~23 C L4
FEMI 2920 1 700 mm, 7€ 2= KU ), 3R T 468 %
KA R E,

0

113°06'E 113°12'E 113°18'E

JAE ZE il CPEANAE R L3 1) o i 1l i b 8 1 2% )5
TR b B T LR Mgk AL, S5 Ah ik A 4 5%
b Bk 2 % A R R B b B R SR B 240 km
L.

F1 BT EIERER
Tab.1 Foshan Subway Construction Schedule
ARy

59 \L Iﬁ‘" "

= 2002 .-~ 2006 .- 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 WRHE KB/

2 SEk 17 32.4

3L 36 66.5

752k 7 13.3
"0t s — T

T« 50 00 37 AR 2R B A 8 TREI CLE 76 1 A A 3t 8k 58 I () 5 2020 4F) L 2R 7R AR SCAY SAR B8 3 3 i 1]

2 B3t Hy PS-InSAR 7%

PS-InSAR J& 38 & + B 8] £2 2 1 52 44 A5 CHp
PS A AN T8 5T 88 105 A 55 AR B 3R 08 A48
BRI — R BB U215 B b AL AT 5 (9 M ) O AR
A A5 AP MBS PS InSAR 7k 7 3 @ 5
A DX RE 8 2 MUY A H AR D, [R) B AR SCRIF 5T IX
VAR B 7 55 BB ) BB A AR AR, Tk B

I B R 1) PS gk M RIEAE . S T 4
b A 1L 3R DX RN i A b T AR L 2 R PS-In-
SAR A W I A 2 G0 F T8 A8 (9 RE AR SCHR
— M E I PS-InSAR k. TEEGH PS ik 5
WuRmT R s B8 H. B TIE%M PS
TE S AD B A B AR AE 2 Ak S A 25 4y
T¥xF 38 i 22 4 T W B R AH T R PS AL
H 5% PS-InSAR #E U PS s & I 5 1 )5 &2
AR, RO AL B AR B A A 2 BT



5 A4 B T I X BRAF AL BRI LRI TnSAR JE 28 I 28 454 23 B 1101

| sarpigs |

EETE
| psaukm | prmsremisin| | zupmian |

ENTW
f—— e ps A
T A b

| hks |
[ Cwmmwe | [ amwz | [ memn |
| wﬁ%&@ — w%mﬁ |

B 2 Bty PS-InSAR A i 2 A
Fig. 2 Flowchart of Improved PS-InSAR Technology

ASCH 2015-06-15 & 2018-09-15 ] i) 5 4k
9 85 5t Sentinel-1 G #EAT #1122 4 1T W 4b 21
W ZESTWE, BEREEMHEERT 0.1 MR
XM ERETFTHM AR 30 m 2 PR
SRTM (shuttle radar topography mission) %{ &
e RS U SR AR UL I AR AL . 7E B T i B ST
) PS fJE KA fL1E 7 15 (synthetic aper-
ture radar, SAR) S AL ¥ B 25 [m) A7 o7 m] 5 < 1 1
OB BT E 1 GRS 5N
HH I T 5% AR 1 VT TC SR W A= 180T 90 XL 1H 5 22 )
X A B ) A A T KT 45 A (0. 38)
MR RIEN PS i, H20 TWEREM PS A
AT A 5 A e 3 22 M ET B R IR SAR BRI
(B 5X LI 220 T W R 1 AR DR
I SAR B 5 MR R 3 UG SAR B4
I e B X0 B 26 1 AR D L K X R 7 i BRI
PS S5 W MOk kI PS fl— i H kg 4k B,
1T 22 ALAL B 15 W LU B R R 7 ik 3R IR
MERAEMIES, L2 T W BRI PS &
e, BB x4k PS 4% IAE 58 PS-InSAR J5
AT AL B %07 2 PRI PS B H £ B
iR R B AR

PIAAHRR B s B AR 735 B X I B9 22 23 AH AL
S¢,, MIRRN:

B, :4_7TtA7),‘.j + i—n BIJQ'SAI;J
K, Ao, WS BFRE LM Z A Ax,
oW H bR ) 0 B AR A ¢ S IR B R
B, 0.2 ATRMPESEG Ae, . AR EBR
(] (Y SR ARAR A 22 2% 5 3 AL 46 PR AR T) 1) R AR L
Z 2 WAL Z 2 MAER I B Z 25, A
SCR it 2 148 3R OR A B R 2 40 IR AR 4 K

T AQ; ;e (1D

ARG U A 0 62 P AR e 2 0 0 50 5 1
ARSI A M L A F R RE L 028 T 25
S T A HTIR T2 T 25 S AT
A

3 BUHRZEEMNSERESHN

3.1 {1 InSAR LR K S

M bR Ty AR B 0 4 LT P 4R AR R 4
B 3 iR AR R R —20~5 mm/a, J& i X 45k
F TR R KT 30 mm/a, Ll T U0 R X 8
LA A AR DX 1) P 8 DX Sl AR A DX %) b 5 X 5
Canfel 3 L0 M ZR BT ) o T X B AR Ak T AR
FE RS WA KRR B TR U =L LAt b Ty A Ay
A A — /N B TTRE X . 25 R 3 Bl /b SR 58 1 52
DU GERE 50 UE A SCF AT 6 BE 36 U W ) 445
BRI HEVE . S5 F R O AT ] SAR 524800 4 {8
15 3 0T A8 3 R 5 E 25 K& 70 #AE 1 mm/a D)
A, 22 T 0 235 2R AT &

22°48N!
113°00'E

&3 il R 7 2 R R T T A DX
Fig. 3 Deformation Results and Key Subsidence

113°18'E

113°06'E  113°12'E

Area in Foshan

P 3 ey A DXl Ay A DX S DX sl i 30
B NIED 3 i mT U S TR X3 i U R K 2
HE ML —20 mm/a, EEALHEFAEVE I | L 5 1)
X, T 4 Ca) A i i XY B TR A TR O
J P 3 G R T AR X ) ] 4 Ca) Bl A,
2015—2018 4E ] ,iZ% X df B 28 f @ik 8 em,
JEH M 2016-06 J5 FF 4R T DL, X 7] g 5 >4 Hb b 2%
BEIE G T A ¢, T iz X208 T B 5 B B
X8k, AN E I R+ 2 T BE A S BT ) £
F. B398 B.C XU O LT i K Uik X
B, 3 A AR O XA A TR X8 43 A A AR
FH DX B A H X3 3T sg e k. &1 3 R iy B



1102 R 2E 2 i -

f& BB 2 R 2019 4E 7 A

DAL b BR A A 3 5 /N R A DX B
AR —40~5 mm/a, il 75 X R RHE A2
HKET 15 em (WL 4(b)), B 3 iy C X
570 T VBRI e VAR AR X A, R IB AR R A
9 em, I HEELRMEDIFEBS LIE 4(c)) . HIEF
B3 s B C BT e DXL T AR Ll 78 188 £ 0 R
B DX A0 3 4 DX 3 b TR DT R R B T 2 b A
QI N oS O o 1 T 0

e
E 20 R T R I
gﬂ s « S O e e
Y e : ,‘,,...,.-#,_;;; ffffff S
e e
2015-01 2016-01 2017-01 2018-01 2019-01
P ]
(a) HfU X I P (A X k)
OF T ] T T T T T TTTITT 3
T e S R SR S - £
R B SR SRR
%P( —~90F-~~~r ==~~~ i it .?!T'a; ”””””””””””” 3
£ 120F - R S eSS SO
—150Eccccbomns d=ssssdreres ST R Lt e i T =
2015-01 2016-01 2017-01 2018-01 2019-01
P 1]

(b) M4 X i €] (BIX )

| |
2017-01 2018-01
|

() MU X B 37 181 (CIX )
e I T e R R i e

Fig. 4 Time Series Deformation Diagrams of the

N | |
2015-01 2016-01 2019-01

Key Subsidence Areas of Foshan

3.2 LM ERIE L E B S AT

R T Z [ SR i N H A B A I Y
7 2, PR B R 1 1E 8 TR 02 G R A A R
ARG & Jo ) J 2 it . AR I 7 b gk it T s
B o AR v S O b T TR 25 L S S AT
22 A o T E BB . A T AR5 S MR A G
TR, 3kt G FI IR B F O 5 R A e 3 L AR 2 31 1Y
il 1) 1 4k B 2R 43 A TR, SE R BR UY 4R 600 m ZE v
XN PS i B bR AT 53 87 . I 43 51 % 4 4% b gk
LRI TR X IBAE N4
3.2.1 JTHARTEKHTIRLIE

PR T LRI A3k 2010 4E5E TRY 3 R 2k (G
b 3t ) A BR ) R 2012 — 2016 AFAG 1) 4E A %
B CRLAT I3 BB R AR ) o O 1 T Jin 4 T b 4 A
T A 2R U 4 1Y T AR R AIE L AR SO AN [R] Bsf 30 42k
AR YEAT T Wail, B 5 & Sentinel-1 % W
ME) 2015 —2018 AR H] ) LI L RIE L, 6
HE it s i PALSAR B85 3K BUR) 2006 —2011 4F

TR UYL TR AR . 38 3 AN [ 8] Bt A X6 Ee Rl LA
FH,2006 — 2011 48], ) 2 Wy 26 19 DI 4 A
S 65 3ty 0 AEL Jek 325 =2 T60) L % 4 il v B Xl 0 M
Bl Z ), DR 4 8 mm/a, 2015—2018
AP I B) AT B o 3 AL ek b R T e i TORE IR
FEEEAKRE IR T 4 ml s 07 XA il 1 J) 3 IX 4kl
FEVTRE LN T 4 il s B X 48 3l 1) 0 e B v R 2
i EE FUE T 230, Z R /N, BT,
il 2R T 4R TS DX 8R4 v A e 208 32 3ty R 3R
ZI] A2 T 2 DX A G B R AN 3R
W o [ 45 R T B L 3 T B 2 I B Y 0
2L,

o

113°09E

113°15'E

11306 E 113°12E

Bl 5 2015—2018 4F J& 2006 —2011 4F ] Ph Lk Wy 4R UL k& &1
Fig.5 Deformation Map Along the Guangfo Line

from 2015 to 2018 and 2006 to 2011

3.2.2 WA 2 FRITEXREILTE

B 1 B £ A, il LT Y HG At e Bk R R TR
2014 A LU ITHR 8 1, AR 30 X I 28 3 B i 26
2015—2018 4 WYL AL REAE BEAT 20 A . 181 6 21
Ll 2 5 ZR U R Y T R DX 88, 2 A3 A AR 4 5 1 X
Sl LA R 5 O i B A1 ot ik B X AT 6 AL
T DX o 6% W i 2 A1) T 3l 1) TR ARH X 80N TR
KSR IE A8 S AE — 10 mm/a K47, il 2 5
2 L e doe )™ H ) DX R A A A B WD RO L 1R 7 K
T B DT SRR R, 2018 AT A b 1L b Ak I 55
B AR BEBR 2R IR 3 T B RN B T A
SPF o P F E  DR T R L 5%
M BES e Az i K I D T U8 T BT BHER L AR SO %
St B IO IS 1] P9 B9 AR DL AT T
Bro M7 A ml DU o DSk B ) 3 20381 3 3 14
DX Ta] R Sk A7 S0 25 T b Bk £ A ) 190 I Xk C
0 i LR AR AE BIr 75 DX 5 i RT3 R R T 30
mm /a1 ) 5752 W X R 32 4 2k 4 9 1Y 5
W/ B AR RS E . 4100 B E BT 7E M O 5 B S
ML IX IR AR R R Y0 — 25 mm/a. AT



A4 BT X1

R4 LD 3 LR B Y InSAR JE A8 B 25 R AE 43 1103

JF A% B (T 356 B 1 AE 20 60 B DXl B 30 ) m A
F i, 2016-08 J, i% X B B w0 F L 3 2018 4F
Ja S DU E Bl i KT i TR . @ VR T A 2
LK IR 2015-11 = A-A54L F it T K Bt , 7€ 2018-
02 FlOR T LB E R 45 E 1 . I ]
AT RLE B DX Sl Bk i 2R T X % 0 R
B, 1 W B AE N A N B R T T
A5 1 KA TR T 6, 3 A g A A, M
Bk % F2 T RB 2 5| R 1% B B Ml TET I R Y T R
HE,

113°00'E
22°59"24"N =gy

22°58'12"N

113°08'24"E 113°09"

&6 Higk 2 SLRUTLIL AR
Fig. 6 Deformation Map Along Metro Line 2

T 1I303E

(2) FHE Ik BT R 18]
s T SRR ;
E]/ﬂ —40 Tt CeN T it el 3
R -60p ' :
_80 3 1 1 1 ; 1 1 1 N I-
2015-01 2016-01 2017-01 2018-01 2019-01
Fisf ]

(b) M BRVE eI 7 T A 1
Ui B . 0 R 26 78 M Ak 5 1R A9 246 M OIS IX B8R, 21 (0 R T
h 3 S O A L R AR R IS T A
7 MR 2 SRS B B I S
Fig. 7 Subsidence Map and Time Series Map

of Partial Section of Metro Line 2

3.2.3 HE3IFTRBEIEILE

& 8 Sy Hudk 3 5 IR IE AR R Ak Ui
MR Y 24T 3 B DR DX 3k, 43 1) 2 AR - ol 1) b 7
sty 0T B Sk 3 A T Tl Bl 3 LA B AR Ak sl F IR
Pl B B (81 8 AT BT XD . RSP R
S VAR B V1K | 74 I NG S RVTA o R S N 7 T

R UTRE W] W, DURE 3 R 3K 20 mm/a., H TIZX
B R G L AR PS A A, T T
it TR 2 DX T2 B AR A X B AR R TR
SRR . bk 55 R A e 37 B TR X1
R & AT DR S DRI A X 32 28 7R A b 2k B B mT
PEHTA U InSAR BT W 00 H 1) 150 R 245 SR Al B )
AR DX A AR A R R A . dbTE
BTty B b TE Tl el sty bR T £ 1R TR a2 2k AE
145 T A X L 3R JR) S S B ) IO e R
T 15 mm/a, 7 B A T % X5 i ki T
SR UIRE I E o AR SRl 348 4 B 5 5 R O
il B b Vi 3 14 T90 A AR O 2 R0, 6 U ) R 2 R AR
FE I AR 4 Hb RO S B0, DR RN 10 ~ 20

mm/a,

23°06'N

S "A.-
TR ey

23°00'N

22°54'N

113°06'E 1NF12E
F 8 gk 3 SLRITLEAR

Fig. 8 Deformation Map Along Metro Line 3

113°18'E

3.2.4 WA T HFRTLARHBIILE

B9 A ek 7 ST DRI DU £ 2
R AR A T T O ) S 1 R T X B DX [ LA B R AR s A
I, Mk 3 S8 T BEEX —BES, HATX W
SR A AE N T B, BT R 2 X, B
FEYE X B @R ) e R AL FE R, A9
hReE b A e Y R R BT
VUL HEA X E L8 20 mm/a, % X8 AL
R TR 9 36 A B 1) T A DG T X 38, Allex 45 9 AF
FEALERE R FIX — A,
3.3 ihekimpEiER

Hi AR T TR 1 i D] AT A g 4
(O TN B T R A SR € K7 T 35 K E B s
ARG B T0T0 L X it T R M AN S 7 sl



1104 R 2E 2 i -

f& BB 2 R 2019 4E 7 A

22°57'N

113°12'E

B9 gk 7 SERIELE AR
Fig.9 Deformation Map Along Metro Line 7

BAEEEZE YL, Hik, AUERH -2/
Wof RS TR s i b K ) 9T e i BT L SRy o o b R it TS
(T e B A — o ) B MK AR 3 % b ik 2 i B
T EER R SR L,

TR b BR T 2 5 R A M 3R DD R B A R
b A 34 & ALOS-1/PALSAR B3 2 9 ) 1
22 2008 — 2011 4F ) B 5 B 728 LA SCAR A5 1 I8 A8
S5 Cl T W58 1 ik B B I 2008 ARt 1t
[ Pt A SRS RS (1 B[] B 46 ML 2008 AR FED |,
H logistic B [a] £ #1451 & Hb 4% I ¥2 )5 A0 D0 R AR
TN SR 1 1 AR TR i i Y K S A 0 O R AR Ak
B, BRI 2015—2018 4 Sentinel-1 A i B
AR B 5 I 0 I P 2 28 5 logistic A5 HY i 3 Y
gEJLUE AT X HE B UE . logistic B[] 45 7 ] DL 3
i R

b
1+ae

A, S, Fom ¢ W2 VIREE; 28 a F1 ¢ RoR
FERY (R A He 5] IR 5 b 3% 7R LR IX I AR X 1) o
KIGUUREE . K 10 A SC A Mk T 42 DT % 3
W ENERBIEEZEER &S %8N
K 5 B0 5 B fE #h) DL A3l 33 logistic AR Y 2
AT ] 0 BR DO R S 8. A5 R X X
K AFLRUIRER ) KA K 3~5 a, BIF| 2015 4F
FoAn R B b R TR R 238 T A A€ . Sen-
tinel-1 4l = 3R J&] 101 60, i £ 00 28] ) b 2k 2 1 2k
PULRE L T 2, AR T 2015 4F FF 4 A
HI Sentinel-1 %5 X i X 38 W I 45 2] (1) 25 SR &
WZ X BDIRE C 2 f e B B RAE + 4 mm Ju [

S, = (2

P O S BRI B 3 L 5 logistic AR T i i
45 ie — 2.

FIH] InSAR $ A 5 25 18] 43 B3R FHC I 6] 77
G E R, A B T W0 kit TR 2 47 3 1)
) TS AE Hb S U A 1T RE & A 1 5 TR AH DG 1
R . logistic #5578 AR 4 M 75F £ b 4k 1) 4= A
WIVTFERFAE . N4 5 IF 2 InSAR 5 A 2 78 H 2k 4
R TAERRE T 5%,

0
P —— e
2 Wiz £ 0.79
~Stiee ALOS-1 | Ri:}éz;r;nn‘?/ "
_10 I | b: —25.19 mm
= —15p1 |
gr. 720-| | Sentinel-1

2008 2010 2012 2014 2016 2018 2020
Ehy
51 10  logistic A [A] 45 T 45L& Hh 4% 1 42 1)
Hb R RS 3h A5 A8 fh 25 R
Fig. 10 Dynamic Change of Subsidence Along Subway
Using Logistic Time Model Fitting

4 4 iF

AR 2015-06 % 2018-09 Y 85 % Sentinel-1
A AT bl i OB AR R ek Y PS-
InSAR $ARBFGE T 1L 1 A F 5 0 5 DX 3 Fn it
Kot B R 6 s 110 b A Y 4 D0 % 19 25 1) 4 A A7
TRV X UURE ) B ] AR AR R AR T S AT
TEAR 43 B 45 5L 2R W - b 1L T R AR B Ry —20 ~
5 mm/a, PLRE X I 32 B3 A 75 R DX P S IX
TR DXy b 38 Xk, Jmy 308 DX 38l F) 7 o 38 4 ik
—30 mm/a, KX a4 Fae., VS H+
M 25 K0 A 0%, I H 32 21 )5 3 M X TR i T LA
e THE TR R £ 0 5 G A K B 5 ], 38 A X L
PR 26 1) T B 4 T o b A T 2 T T R s B v 7
b L T B E DD X S B E b R A R R
SIS AH G X B UORE Y £ 2R A . ZE BT L,
T4 4 2008 — 2011 4FE L) 2 2015 — 2018
AERY I F IR S B AE T logistic A ) A5 750 45 4 My
BRI LM DT A, H BRI A T2 5 1 3~
5aNULKEB TRE.

ARSCUE B T InSAR A W 0 35 117 b 2% U 28
TEAR B P 3 L Sy 1 M 4k Vi 26 U R A8 £k 1 F 5 2 43t
T2, M F 7K SCT R BT b A HE PR | M i At
A S0 28 A7 A5 2 R R T b 2k T 42 5 30 A8 B
FEAE 25 5%, W 55 1 [R5 00 T b 2k FF 42 = B0



5 A4 B T I X

B 45 o 1L ML R UY 2 I ¥ InSAR JB7Z i 45 R 4iE 45 B

1105

T 72 FE R A R 0 5 3%, SR B S ) 2R T
BIPIZH Z aER M ARSI G222 W
WF5ET7 18

(1]

(2]

(3]

(4]

[5]

(6]

[8]

9]

2 % X W

Alex N, Wang H. Dai Y W, et al. InSAR Reveals
Land Deformation at Guangzhou and Foshan, China
Between 2011 and 2017 with COSMO-SkyMed Data
[J]. Remote Sensing » 2018, 10(6):813-836

Dong Haogang, Huang Changsheng, Chen Wenzhu, et
al. Analysis of Environmental Geological Control Fac-
tors and Problems in the Pearl River Delta[ J]. Chinese
Geology » 2012, 39(2): 539-549 (HE IF W, < 2k L
SETE L AF. BRVT = A0 U0 P 5% Hh o 4 ) 4 DR 2 % ) A 3
HELID. PR, 2012, 39(2):539-549)

Yi Shunmin, Liang Chisheng. Geological Hazards
and Prevention in Guangdong Province [M]. Bei-
jing: Science Press., 2010(ZNE, A, " EKH
Hb K E R B iA LML dbat B A, 20100
Feng G C, Li Z W, Xu B, et al. Coseismic Deforma-
tion of the 2015 Mw6. 4 Pishan, China, Earthquake
Estimated from Sentinel-1A and ALOS2 Datal]].
Seismological Research Letters, 2016, 87(4): 800-
806

Du Y N, Feng G C, Peng X, et al. Subsidence
Evolution of the Leizhou Peninsula, China, Based
on InSAR Observation from 1992 to 2010[J]. Ap-
plied Sciences . 2017, 7(5) :466-484

Wang Hua, Yu Yongping, Jiang Lilong. Using
Synthetic Aperture Radar Interferometry to Monitor
Land Subsidence in Foshan, Guangzhou[J]. Sur-
veying and Mapping Science, 2014, 39(7). 67-71
(CEAE, mACF, A e, FHGRALAR TR TR
P L b T BTRE D] MRS, 2014, 39(7)
67-71)

Wang H Q, Feng G C, Xu B, et al. Deriving Spatio-
Temporal Development of Ground Subsidence Due to
Subway Construction and Operation in Delta Regions
with PS-InSAR Data: A Case Study in Guangzhou,
Chinal J]. Remote Sensing ., 2017, 9(10):1 004-1 016
Qin Xiaoqiong, Yang Mengshi, Liao Mingsheng, et
al. Exploring Temporal-Spatial Characteristics of
Shanghai Road Networks Settlement with Multi-
temporal PSInSAR Technique[ J]. Geomatics and
Information Science of Wuhan University, 2017,
42(2) . 170-177 (R BE3, W&, B A5, R
PSInSAR AR 53 Hr 165 1E B 9 00 B3 e 2 4 LT .
W22 4« A7 BRE R, 2017, 42(2): 170-
177)

Wang Ru, Yang Tianliang, Yang Mengshi, et al.

L10]

[11]

(12]

[13]

[14]

[16]

Attribution Analysis on Deformation Feature of the
Shanghai Elevated Highway by Persistent Scatterer
SAR Interferometry [ J]. Geomatics and Informa-
tion Science of Wuhan University, 2018, 43(12):
2 050-2 057CE i, M KR3E, A TF, %, PSInSAR
BN 1 i v 28 % i 0K I S5 A R AL ] &R
DR 24 - 5 B ARHE R, 2018, 43(12): 2 050~
2 057)

Duan Guangyao. Liu Huanhuan. Gong Huili, et al.
Evolution Characteristics of Uneven Land Subsidence
Along Beijing-Tianjin Inter-City Railway[J]. Geo-
matics and Information Science of Wuhan Univer-
sitys 2017, 42(12):1 847-1 853 (B IGHE ., X WK .
B AR IR B B I 2 AN 24 50 b T I A T
EFRHELT]. RIUKZ M - 7 BFSM, 2017, 42
(12): 1 847-1 853)

Yao Yantao, Zhan Wenhuan, Liu Zaifeng, et al.
Neotectonics in the Pearl River Delta and Its Rela-
tionship with Delta Evolution [ J]. South China
Earthquake Research . 2008, 28(1). 29-40 (kA7
ko s SO X 0, B R = N A BT A 3 0 3l
L5 =fMEfe iy < R LT FE R HLRR . 2008, 28
(1) :29-40)

Xu B, Feng G C, Li Z W, et al. Coastal Subsidence
Monitoring Associated with Land Reclamation
Using the Point Target Based SBAS-InSAR Method:
A Case Study of Shenzhen, Chinal J]. Remote Sens-
ing, 2016, 8(8):652-670

Ferretti A, Prati C, Rocca F. Permanent Scatterers
in SAR Interferometry[ J]. Remote Sensing, 2001,
39(1): 8-20

LiZ W, Ding X L, Huang C, et al. Improved Filte-
ring Parameter Determination for the Goldstein Ra-
dar Interferogram Filter[J]. ISPRS Jowrnal of
Photogrammetry and Remote Sensing, 2008, 63
(6):621-634

Ferretti A, Prati C, Rocca F. Nonlinear Subsidence
Rate Estimation Using Permanent Scatterers in Dif-
ferential SAR Interferometry[J]. IEEE Transac-
tions on Geoscience and Remote Sensing , 2000, 38
(5): 2 202-2 212

Zhang Lu, Liao Mingsheng, Dong Jie, et al. Early
Detection of Landslide Hazards
Areas of West China Using Time Series SAR Inter-
ferometry—A Case Study of Danba, Sichuan[]].

in Mountainous

Geomatics and Information Science of Wuhan Uni-
versity » 2018, 43(12): 2 039-2 049 ik %, BEIA A=,
AL S, TR E Y5 InSAR 447 A9 P8 38 11X A
Wea F BB R U — AN A B oy EI LT ] &
DR 4R - fF B AR, 2018, 43(12): 2 039~
2 049)



1106 RN KFEEH - F BRI =R 2019 4 7 A

[17] Wu Bo. Research on Ground Settlement of Urban [18] Yang ZF, LiZ W, Zhu J J, et al. Deriving Dynamic

Subway Tunnel Construction Under Complicated Subsidence of Coal Mining Areas Using InSAR and
Conditions[ D]. Chengdu: Southwest Jiaotong Uni- Logistic Model[J]. Remote Sensing, 2017, 9(2):
versity, 2003 (. 42 7% Z5 A 30T 4 2k %l i 125-142

R TUREDF LD AR « 74 R 2838 K % . 2003)

Temporal and Spatial Characteristics Analysis of Deformation Along
Foshan Subway Using Time Series InSAR

LIU Qi' YUE Guosen® DING Xiaobing® YANG Kun® FENG Guangcai' XIONG Zhigiang'
1 School of Geosciences and Info-physics, Central South University, Changsha 410083, China

2 Foshan Surveying Mapping and Geoinformation Research Institute, Foshan 538000, China

Abstract: As a city with rapid economic development and urbanization in China’s Pearl River Delta
region, Foshan has been affected by land subsidence disasters for a long time due to its fragile
geological and hydrological conditions. At the same time, the subway in the region is an important
tool to alleviate the traffic pressure of the city. The ground subsidence caused by its construction and
operation affects the safety of people’s lives and property. However, there are not many systematic
studies on this aspect in Foshan, and there is insufficient understanding of the settlement law along
the subway. This paper uses fixed-point data to monitor the deformation information of Foshan from
June 2015 to September 2018. The results show that the surface deformation of Foshan is sporadic,
and there is no large-scale settlement funnel. The deformation rate is between 5 mm/a and —20 mm/a,
and the settlement rate of local area is over —30 mm/a. Land subsidence is mainly related to unstable
geological structures, groundwater extraction and local area construction. Based on the obtained
deformation results, this paper also studies the deformation along the subway in Foshan city, and
analyzes the settlement of the collapse section of Foshan subway in 2018, and expounds the cause of
the difference in the space along the subway. In the time, the model parameters are inversed in the
deformation along the subway. This paper provides a reference for the local government to carry out
the survey of surface deformation and the early warning of subsidence disasters. And it provides a
theoretical basis for the safety monitoring of the normal operation and maintenance of the subway.
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