1007-4619(2026)04-1182-16 National Remote Sensing Bulletin i & 57 4R

LK EH Xt RiTbEZFH —SSARTEKNS
14 HEXT EE

EAR, $aH°, RTAY, £ERS, EF°, TEMY,
WoLAES, RS, BEAC, RES

L. BCHEER TR ST 9¢ 8 DA -5 b o A L 4 [ o 556 2, AR 610059;

2. AR T K2 HhERP A BE, AR 610059;

3. AR TR HER 51T AR BE, R 610059;

4. E PG RG S F5E e, MR 610095;

5. KW RAL A RIBHE R B A BRA F, K70 410205,
6. I E R A E A E, K 400039;

7. R T AR F BRIFSEBE A BRA F], EEPC 400039;
8 KIWH TR NTEREFE, K 410114

B O WS P E BRI RE T B R R C OB SAR TR, {EUHAE A DXIIC A M v )
I VE RE 0 Bl = 08 LU PR R GE AL o AT LIPS R TR BE R BIFFE X, SR F/INEE R 14 5 AL AR 7 ik T HoR
SBAS-InSAR (Small Baseline Subset Interferometric Synthetic Aperture Radar) X} 11 5t7%5 38— 5 #H47 0 5, IF
5 Sentinel-1, FlifR—5 TRERA L. G5REW]: TEMFF InSAR 7w, Wiyl — 23U 57 b UTREIX, fig
g AR N X UL AR s SR/ INEREAE X (<0.1 km?) B9, BEdR— SR 3N 8 &b, 1 Sentinel-1 A RE
WU, B e R A/ N B XU RE U RO OL . Bedh, MOBAEHBEXTLLRF , BRI AL
X, PIEEE IR B A AR ORI R — B0k AT X B s A AR X, 30— 5 R i 5 i 20 3 AR R Al
JEARRREE , RERSH B EMER IR S, FRARE X/ NERREIE A, Bl — SRR S . A TR
2247 InSAR X LUZS R R W53 — 5 WD B Y TR AR 1 45 4K T Sentinel-1, JFAE—b/NEAS R IX L REHR—5 Z 40
P22 23 mm, KU HAHEARS HEA 1 Sentinel—1 REFRIN B IIE AL B9, AREL LB A Bl 28— 5 WX /N AL e B A
B AEATETT I, IR ST 0.6— 1O AR AR A ik 12.53%, T Sentinel-1 /9 7.19%, {78 HAE[F]
P B TARTPERBUEAL; (AR T HERK LYBRAR— 519 22.43% . 251, Wl—SAEf" DXUTRE W rh e B
XN R AR ) RABERIIE S, I A RBIIE AL BN 5 /B AL BRI N RE T, ASBIFSE R o AR SK [E77 SAR LA
TEA XK W 690l 55 P R IR A 2%
KB W, EOPPRELSAR TR, 2247 InSAR, WY InSAR, WEMIPERETEAL , &7 X ITRE Ml
HESES: P208.8/P2
SIAEN: EXR,EEMR BN, IR, EF, THY, BB, FEE, BEN, RE 2020 LEXKERT XitRNEEH—S

SAR T2 Wil 51 4ExT L . B REEHR,30(4) : 1182-1197

Tang G M, Shi X L, Dai K R, Wang H, Dong P, Wang Q X, Chen L F, Ren W J, Ran W J and Yin H. 2026.

Surface subsidence monitoring and performance comparison of Fucheng—1 SAR satellite in the Datong mining area,
Shanxi. National Remote Sensing Bulletin, 30(4) :1182-1197 [DOI: 10.11834/jrs.20265389]

is B 2025-09-25; FRENZAR: 2026-01-01

BEWE : FEHREFEESE (95 :42371462) ; WA 7S & FRRF A (45 :2023NSFSC1909) 5 U148 2 sh 1A B 24 S RHE TRk
4 (45 : CCX202403) ; WIF A E T E AT H (45 :24A0247) s [H 5K A R FFE 3L 4 (45 :42574060)

F—EFR N FOLR W57 MM T InSARHAR B JF R F W 5 1% . E-mail : tangguangminl@stu.cdut.edu.cn

BEMEE R SLoesk, BF5E 1) Sy 22 U5 i J 5 ¢ 5 Wl 5 b~ 2 ()5 L BB S5 o E-mail: shixianlin@cdut.edu.cn



FOLR 55 PRI X R IR — 2 SAR TLAL I 5 PEREXS [E 1183

1 5 5

AR, RERENA AR EIR (SAR) 1A
B PR K (Villano %5, 2022), b BRY)H
FEWFSY (FanZE, 2025; RenZ%, 2024) FlHiFE &
EWS (AT 4, 20205 ZEARIEE & 2019; i
5 AE, 2019) SRR T IRSCAGRECE S AN
%2 M BE S Capella Space. Synspective (StriX)
Maxar Sl SAR 248, HEa#R AT 20
FHF 3T AR W | G R TA AR 2y 5 43
bR, A E Rl SAR TR & J IR in 4k
FEIE DU 2 P A e D 2 A AR R Al A M
JTI W VPRSI . A KPR IR
B AA Y UL S TR B N TS ) (Kad A1
Yilmaz, 2024; Polat%, 2022). 4K, HaijE™
1 o BRI SAR A K 247540 T 55 3k 5 I X By
B, JEFE S TR TR InSAR JEAS Wil 1% 28 )
AT BR

T I — 52 v [ R A T 0 I R D A R
W CHEBESAR (A ifLiadis) A, F20234F
6 H7HMBEKWRITEBE (Spacety) W) &5,
WA CHHEET MEREE . X — KA
HOR T E R L SAR S8 B s 1, WA R E
] PR T M L K 1] v g e A e SR R I )
Lo WE—S B 1L dEDIEW, SR A AR
B, ATFERA . K. H S 2 MBI Sl
I3 R GE IR RS . H R AR v 7 T Y R Ik 7—
170 km, ZE [ HFHRAE1—20 m, Fem ik 1.0 m x
0.5 mo BX—TIHH T EERPAN T 5 HE B EHEZ
) 35 2P, REAE AR AN [R] 0 FH 5 =R S 3RS 41
I sl R DR P 4 . A A SR BT, T
We— 5 XF [/ — B bR X IR0 LA . BRLES &
SEZWEPUN YN /3=l % IR HEZ =2 d i
LA, H R STUACE, B — 5 R AR 5
PERE, TolRRAHICEIRN) 2 K,

InSAR KB 5 & LA TR B T4 AR TS-InSAR
(Time—-Series Interferometric Synthetic Aperture Radar)
VAL SAR TR T BUR PERE R G BEFE AR, 2
YR T I AR AR A EL PR R S A A A
Wz — (Dai%%, 2020; Tang®:, 2025). InSAR
I T AL AN [ i 220 o 52 20 UL N0 ) A 457 22 54T
W, FURGHA I M R A O AE 5 TS-InSAR M iF —
AR IR P S5, TR KGOS T 5

T LA R ZBORE ) Z I T R
o A0 i T3 R O R IR T R il TR 2 4 PR A
SEQUE, TR TR AR T M A BLE AR E T Y
BRI A T I SR A AL
e (Qin%F, 2025) . X FHri & S i i —5
TR, BF InSAR 73 Hr BEAE HI 55 Lk 3
RAFEIR AR IR, FIPCE R E 7] FE R IE AL 15
B, DA 4 TP A7k JHC 7 30 W v A S P A
JE o [RE, A DX 2 T e A5 7 ] 37 0T M DN £ g
RO RN SE R EOR AR S, W — S R s
ViR o PR, A R R Ry A2
MF-Be, IR IR . SR, LA TR 24
TFERIR— 5 0 XUIFE (Feng 55, 2024) Al
s (BRI S5, 2025) SEJ5mIRIA N, J5
i bR T WA AR TR AR D-InSAR
(Differential Interferometric Synthetic Aperture Radar),
I 22l i R AMOESR THAE EE (Han 5%, 2025) ,
B ERRT MR (H W 45, 2025), 47
DX 70 28 M D00 e g M 00 P R i B = 4 TR HE R R B
WAL o BEX X — AR, TP — 5 IR RE Y
XFHEPE R GEVTAL R AT B T 4 s AR ] 51
A W P BT AR DL E, IF AT X M 5K E B iR
SRR PR AL R . T SR AR RS

A SCER XTI I — 5 SAR TR A X TR Wl
oh ) M DU R RE B = R GEVEAG R R, LAl PR [E]
TR A BFFE X, 454 Sentinel—1 Flfi 8 — 5 % ¥ ,
FHIXS et RGEEAL vk, R il — 51
B IXHEIPERE . BTSSR HH SBAS-InSAR J5 i %f
WX IEAS AT I W, IR Ul B DT R DX
TE IS W PR REPEAG J7 18T, A SR 1% 3 — 5 5 ]
1 Sentinel-1 (¥ InSAR &5 R FEATXF L, E AU
A8 DU 22 53 | T 748 SRS 1 R S 23 BT DA B g
FPIEAE XS L 35T, RGP I — 5 I T
W PERE . AR T I M RE IR AL T, WS
Sentinel—1 IR — 5 X EL 4381, 40 BIE AR#£
DUBE 3 FUAH PR R B AN T T, X IR — 5
WAERBBEAT PPAl o ASHIFFE AR [ 7 SAR TR AE
W X TR M I 8 B AL T R 52 %

2 W XA R

2.1 TFREXIE

A5 XA F 1L PE AR LR B KR (Xiuming
&5, 2008; XuZE, 2022), MEFRZ 1828 km?, ©



1184

National Remote Sensing Bulletin i & 53R 2026, 30(4)

TR B2 B R 300 m, M N0 TP R G 3h )
7o KNMHZERHE, KFE TR 2 H
P 5 ARt i P A i i B AR O A
AR — £ 950—1050 m; PHILHR Ay 1L M, Va4 %
1500—2100 mo K [FIBEH AL TR FITTPEILER, AL
W RE . M. W Exff EEEWE 1,
N Z WX, A R — S
(1739 km?) FMRZP 2 H (772 km?) o 1E B KIF
T E B2 T SORE, B ™ b A 4 2 X IR 28 o
HR R EE, KRG W5 & THRIIE . #
Il 0 b S B S b I X S R R Rl it
TR T O

1 B XA

Overview of the study area

Fig. 1

22 HFFEAER

A 3 40T 15 SAR ¥ 45 ok A [ 7 7
W BEF—5 (HEHE 5, 2025) . E=RiE—
7 (Hu %, 2024) LK BRYNAL K JR) (7 Sentinel-1

(FEPTN 5%, 2020; FOLR 45, 2023), HFEES
B R 1 s, b, @S ARG R
RS0 WM, Sentinel—1 % I FF #0090 . 4R 47
InSAR £k [ AR 5 = HE T8 A8 22 [] () JLAa] 3¢ 2 m] A
(Wright %, 2004), & “DIEETIENF . KPIE
AT LLZWET IR, FHPURIBE A TR
R AR — B, BB T I 22 S R AR A
RGO B A7 5 B9 AR Ak, T 6 3 B30 R A9 5T ik
e . UL, % FARDEE X b #A X B
AR DL VRN F, AR X I R T R 1Y
XAy A B I R P S B, T — 5 DA
HIEZ300 kg, PUESIIN 11d, RAF AR
B, BRI YE 25 km, D507 [ 43 HEH 1.67 m, HH
B P 125 m, AGTMZY37.05°, % LR
FE T — AR 0 PRl SAR A&, nl $2 K 2 25 )
Ay PR, AT LA I L R T
UL BT DX R A3 A 4 T EL A R RS B S T
SEPE . Sentinel-1 T A i 24 2280 kg, %Lif J&
12d, RHTOPSHIF, H5 ISR 58 =535 250 km,
7L 1] 20 BER 2 13.94 m, FEES A1 43 HE 4 2.33 m,
AB2933.66°, % TR H a5 4Bk 55 AE I A
AR RN, I T R R R A 5 AR
Pl Wi, AR A5 AT AN 3 4 D 30 i o G
KRB . BHE— % AL 52 3600 kg, #HLiE JE
8d, [AIFERHAH MG, BRI TE 50 km,
FrETa 3 HER 173 m, BEES 2 HE3 1.66 m, AJft
2939.08° . Z DR TAET LB, KT CHE
PE (W —5 5 Sentinel-1) , H. 45 5@ [ b
RFBALTT, 18P &R R sloAs bl 4 55 2 2 1 IX.
o B S L

*®1 FiHSARIESHNTLE

Table 1 Comparison of interferometric SAR satellite parameters

W/ TWEE EERMG &% i BRI " NIV T ,
TAE B s _ - e 3 i . v 3 ;
2 HuE kg R B ETEAm AHER/m SWR/m Hegm L ¢y RE HERE
2024-01-02—
¥ = A2 1 A HE 5
WW—5  H 300 11 St 25 1.67 1.25 024-05-13 37.05 11 il
2023-12-20—
ienl— . . . R
Sentienl-1 F}#L 2280 12 TOPS 250 13.94 2.33 2024-05-12 33.66 12 LER A
RiE—%  FEEL 3600 8 i 50 1.73 1.66  2024-04-09.2024-05-07 39.08 2 A gifriks

TRV, 3T LR ASAMGT: R
— 525 37.05° . Sentinel-1 Jy 33.66° . [liiF— 5%
39.08°, e KZEAMILS5.50° (K —55
Sentinel-1{¢AH7%3.397) . W5 IX I H AR HH |
KRB, WAEDURE R E, GAXERE, A

IR R BE ALY LOS I A% S ELAT B ARAA T LA
3 MR

3.1 HAREZ
T I — 5 [ R T I R Y



JEOGIRE 45 - INPE R X R IR Ik — 5 SAR TLA Wil 5 PEREXT [E 1185

PR W BRI SAR T, (HHAT AR XYL #r, DL PP il — S 7 KXo sl rEge . o
IeE M0 P 0 M PR B e i = S LR R GEEAG . S B2 P, ARBESE R 3 ORI (a) Kl
te, ASCLAIPERFES XTI, e MR Wtk (b) BUPARREL (o) & KUTIPEREIEAY
ik — 5 . Sentinel~1 Hl i £ — 7 B4 IF XS L 7>

1 |
| £ USARSUE |
o | =

Lo e o e e e e e e e e
1 T e,y —_———————— i
i ! |

5 !
1 W5 |
b e —/ L/ }
____________________________________________________________________ I
e e e e e e
|
|
%‘ ot }
e

" n {
|
®) ]
pd ) I
z [ruses] [ BE=E | !
i 'S =s " |
O x| S AT R K !
] § Iz AR, ARSI TR AR A |
weeatrsa | A : s E
= |
AN AR s e e o

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey

W |

o0
°
i} - 205,
)
°
L
o
-3 s Qo
s @
o Hm—5
& Sentinel-1

3023-12-20 2024-03-01 2024-05-12

A AR S EE

1
1
1
1
1
1
1
1
1
1
1
1
Sentinel-1 :
1
1
1
1
1
1
1
1
1
1
1

Sentinel-1

fitse 2

SRLZUE

K2 BT

Fig. 2 Research route



1186 National Remote Sensing Bulletin i & 54k 2026, 30(4)

TEBARICER B, AR RI T 20 E R fLE
Bis (SAR) ¥, WK AR —5 . Sentinel-1
MBGIR— 5 TR, IFBE T I8 i
BiAl (DEM) B4l . K % BUIE $0E DL SORH DG b 34
F R

TER P AR BB B, R FH/INEL A T 6 AL
#Hik (SBAS-InSAR) (Berardino%¥, 2002) Jik
XF SAR B AT I 40 A, AR T TR
BRI H X R AR IS5 R, IR R X AR
X R

TEA XM VEREPEAG Y B, A SO AR5k
BF 7 InSAR W I P4k A1 95 1 BEXT EL 20 BT I8 43«
FERT P PEREPEASG T, W — 5 2R A 2024-01-
02—2024-05-13 H ][] (9 £ 4 , Sentinel-1 R H
2023 4 12 A 20 H—2024 45 A 12 H 8] 19 84 .
PR ) ) 7 a B AR — 35, ORIE T B[Rl B B A Rl 20
PES AR B AT Hetk o I Ve REDE Al 3 58 2 %t [
P U I AR I 22 57 . T AR BUR AT [ Je =
B PR AEXT L, HET R I — S 7E 0 X M 3R T AR ]
R I PR AE SRR . TE TR REXT HL AT
I, NRGVAG R — 5 0 T VoK B S5 A TR
P, ASCHEE T [FIAY Sentinel -1 FREHE — S 50
AT . BRI, W — 5 #2024 4E 4 A
1055 H2H 2%, Mi#R—51EH202444 H9H
555 7H2%:, Sentinel-13£H 202444 H6 H 5
5H 12 H 250, 3480 4 55 A [ 1 it 5 IX 5 08
AT, FEJU S S LR R AR, T
WAERBITAl MR SR BE 3 AR TR R 3 J5 1h]
AT, XRS5 B TR RE T T RGP EPEAL
3.2 InSAR##E N ALIE

YT ARG ) B bR 4 T AR R — 5 TR
FEAT DR Wi v i T 90 S I e, AR Ab B
Jrir, SR T /N4 (SBAS-InSAR) . & ik
RIS FE TP T RIE . & kR
F iy Berardino 5% (2002) 7£ 2002 4421 . 5407
KEHHA (DS) (Ferretti %5, 2011) . 7K A HUFHA
(PS) (Ferretti &, 2001) LI % StaMPS (Hooper,
2008) A5 HAh InSAR ik AHEL, #E#f SBAS-InSAR
HY RN

(1) A e Ak A H 30 72 RN 580 9 1 R

SBAS-InSAR #4756 38 HAE )17 >R FH B Ab B
T2, 1 DS J7 3 W FE AR TRkt . A se
FEAER 20 . AWFSE B R R —5 T2 Y HT A

GG SATIEAE LE I ERE . PR, Ay ikt
WA e W Ab B L T RE N M4 m A5 SR I O, Ay
FEFE T SBAS-InSAR LUBA R ITAl R0 52 s
FESL bR AT Bk RE

(2) 3@ T RE AR A1 00 R Y W)

WX, HERUIFGE F BATIEY 5P B4
P RN 2 () 7 22 PR W RRTE . S HOA PR 55 B br
() PS—InSAR J7 %A L, SBAS-InSAR i i3 24 s}
(i) 1 25 [A] KR 2k, BB A5 76 O 457 5 4 AH Pk 1 [m] B
TRV s [ S, AR TR X R
T FEE AR XA B AR i AL 7R

SRy B R 22 VR SO Ak B A R v S — Bk
e A B 4 ¥ 4T T LT BE M (Sansosti 4§,
2006), FLAEXSEMLT 18R EK. ZMHEFEEN:
W — 5 FIFER—5 83 1 3, Sentinel-144 : 1,
UEUEIATT R B 0.4, K/ 64 A1 T kAT
PR EACIEDE (Goldstein 1 Werner, 1998). #H{ii
fi 2K F /N2 IR A2 (Costantini, 19985 Pepe
Fl Lanari, 2006), f#4H B3N 0.4, TEMFF 5
R, EEXTREIR—5 Fl Sentinel-1 54, R
JE R A HE B AE I [R] 50 3R S AR AE . FE2S (A
B RBUCAGE IR LR, 455 S PRIE R
Bf 28 ROBEREAE , X5 T35 [ 5 91 43 i) A 7 Bsf [i) g
55253 (o) VG0 0 e Ak L, AT A R4 o) R A Ao A
RIFE . FERIR—5 T W ERe AL 1, Aot
FEMEICT P B Rl AR — 5 Bl AT LA . T
5 1 [R) H 8 2005 B A 55 HL IR ) R e, AR
P T ETRRE, KREMIHE MR EEE
a0, FRWZBE B AR AT ek, AT TR
W5 TV RE YR Lo T o B A FH AR SR
GAMMA A58 i

4 BIXEF R InSAR Wil 45 5

BT SR AU, ARG R H SBAS-
InSAR 77 L AT IR AR i 58 o SRS P IR AR 25 3
B3 TR . 1535 T X 35 (TR AR R S AT 7R
KRGS, FEASHIE G (1 A BRAE 2L T A 50 55 1
I KA A T S ) S T Ao A i O 5 rh 4
R AR 28, W X IF RS | & T A8 X A5 LAY bl 2 80
LU 57 Ab VTR X, $5e K LOS [a] JE A8 i 6 1 5]
=300 mm/a. MEAN, FEHUT 44 ML X8R TR
B (B3 (b)—C(e))o AIUL: B XFFRFEAIUT
FERRAE T3 35, RSG5 M nl B, IER] T 0%
S — A DX AE W rb ()4 5 S 8 Y g



JEOGIRE 45 - INPE R X R IR Ik — 5 SAR TLA Wil 5 PEREXT [E 1187

113°00'E 113°10'E

40°20'N

40°10'N

0 1.5 3
km

(b) (a) Bl T SR
(b) Zoomed—in map of area I in Fig. (a)

40°00N o

A B < >
Ounxs  SOSSSS RSN 000 SSPRE
FEAE T /(mm/a) 0 2 q
(a) Wl — 58" XIS P 2 2R ] (c) (a) Bl T XY B
(a) Time series monitoring results of the Fucheng—1 mining area (¢) Zoomed—in map of area Il in Fig. (a)

0 1 2 0 2 3
km km
(d) Ca) L rb I DXl Py Bt K ] (e) (a) I IV X B4 BHOR &
(d) Zoomed—in map of area Ill in Fig. (a) (e) Zoomed—in map of area IV in Fig. (a)

B3 i B R RTTHEH FF InSAR Wil

Fig. 3 Time series INSAR monitoring results of surface subsidence in the Fucheng—1 mining area

- . N FFadr. FEG—RIAFIAESL T, 0l T R
Ay T I = S AN A
5 WIS R InSAR I A Tyl — 5 5 Sentinel-1 T YT InSAR &5, JF
5.1 ﬁ?@@iﬂ%“%ﬁ- %iﬂ%”é”%%%gﬁﬁiE{j(d\ﬁuﬁﬂg3;’3 /J\‘?E[%
JEARIX (<0.1km?), HEEEIEAZEX (0.1—0.3 km?)
K A TR — S e UL M P T RGUEIEAEIX (503 km?), RI4E R 103 2 FifE 4
WALIERE, ASWTEIE 1 e N IE AR X0 B £ B Fi7R o



1188 National Remote Sensing Bulletin i & 54k 2026, 30(4)

®2 & —S5 Sentinel-17EH XHEXIRAHE EHIRTLL

Table 2 Comparison of the number of deformation areas identified in mining regions by Fucheng-1 and Sentinel-1

AR/ M km? e — S YU R Sentinel—1 {H il
/NEETEAE X (<0.1) 8 0
G EDE AR 1X.(0.1—0.3) 20 9
KIGFEIEAE X (>0.3) 29 28

113°00'E 113°10'E 113°00'E 113°10'E

40°20N [

40°10'N 40°10'N

40°00'N 40°00'N

=i L L E=

B T
—5 SSSEILIJIIKSC22LELIIISS Sentinel-1 SESXIIFRIS2C22KLIIESS
U R s WPlgER TP e ==«
JEAS % (mm/a) T2 % /(mm/a)
(a) TEI— S I F InSAR P25 1 (b) Sentinel—1 )3 InSAR iR 511 45 5

(a) Mining subsidence detected by Fucheng—1 time-series INSAR  (b) Mining subsidence detected by Sentinel-1 time—series InSAR

ok
¥
Jn

Sentinel-1

[ #1~0.065 km?

Sentinel-1

HFA~0.051 km? THiFH~0.061 km? THiFH~0.073 km? THiFH~0.067 km?
e —

 AHFEANHTRR X R
59— 5 FlSentinel-1 SESESERLDD SR O DR AN
AR RS JEAEHF (mm/a)

(c) HHRV/INH TR X Rk — 5 55 Sentinel—1 1HUj 25 55
(¢) Subsidence comparison map showing the differences between Fucheng—1 and Sentinel-1 in the same small area
El4  #i—55 Sentinel-1 I ¥ InSAR W™ X UL FE UL L

Fig. 4 Comparison of mining subsidence detection from time—series InSAR between Fucheng—1 and Sentinel—-1



FOLR 55 PRI X R IR — 2 SAR TLAL I 5 PEREXS [E 1189

TE/NEREIE X (<01 km?) 1, #Ehk—54t
PO 8 AMIE AR X, THI AR F R 0.051—0.091 km?,
5 KIE 78 3 AR 35 100 mm/a, 7] Sentinel—1 7 fig
PUN AT AT R IR, 1222 50 B T R IR — 5 78
PUR/INYE R A8 DX 7 18 ) B

TEPEEEIEAS X (0.1—0.3 km?), #—5
RS 20 &b, Sentinel-1 {X iR B H 9 &b, 2Z1{H
K ILAL, WoR B R PE G A KE BE AR X
(>0.3 km?), 53k —*5 55 Sentinel-1 435115 51 H 29
Fog A, 245 /NE 14b. Ik L, PEERTE
R A8 B A0 A AiE AR — 3. S5 R, Widlk—
SHREIFA R TN EIE A X, i 2 7 A4S
FEE AR X I AR HL g S ik i g b AL B RE S, R
JEBHE T AR RUBE ARG, ORI BB i /)N o

TR — 5 78 /N B FRE AR XU Hp 1 28 Y e 0
FEAf THEHER Or =B g : 1.68 mx
1.36 m) o i 19 43 BRI R S L RE A5 A5 20X 43 S
ERUN L AL 5 R Bl R AR X 3, sk {5 5 1
s, DT DR /N DR 28 XCAE 2 AR P i B 2
M. AHEZ T, Sentinel-1 B AL HER ({7
FIXBE B . 13.95 mx2.32 m) &) S5 30R #8708 3 [
FEAR X A 5 548 AR o0 B b 3% [l VR A, A1 i ufe
LS B4R
52 BF InNSAREZRER

BfiJ, AFIIERT 4 b AEAR X (K5),
XoF [) 3 7% I — 5 55 Sentinel—1 4 I J InSAR 45 %
T TX . WIBAEIN Bk F , FEAH AR b 31
HESLR , Sentinel—1 FY 45 S 4 R 5t BT K Fil A B
AR, HI AR . X R TR R IR P AR
M, 45 5 Fl ) 5 25 S, Eah R
PIEFNWEW . AHELZ T, W — 5 s &
23 [ 3 PR, BRAS TS b b 2 R AR i A, R
HTE M 5 A1 R

TEIG A SR I, BT A (] DXl ) e 8 (B A7
TEZS, b T A 3RS I — 555 Sentinel—1 X}
AR RCBETE A2 i e 3 58 T, ASBF 98 LA RS Ik —5- 1Y
RS A AR, JF 0 R — 5 A
Sentinel—1 A3 R ZE(EAEPRAEE Y & FERITAN &
R N AR B, S5 R, ERYERDE AR X (i
BRI A 2.1 km?, BLRIX I B 24 3.2 km?), 753k
— SR 298 -160 mm/a (E15 (a))
=150 mm/a (5 (b)), i Sentinel-1 73 5l K

~120 mm/a Fl-110 mm/a, PILb2E(E S ARHEE ) LA
2359 25%. A/NERIEAEX (SRR C 2 0.1 km?,
JLARICIR D 2 0.08 km?) , 75 — 5 A 3 A< {37 {1
25h-100 mm/a (5 (¢)) F—55mm/a (K5 (d)),
1M Sentinel—1 431 5 —50 mm/a #1-30 mm/a, 2Z{H &5
R E IR 2 50%, X —451R KW, WHI—5
TE P A8 3 32 W 0 v 70 45 5 o 1 B8 O W 2 I T
Sentinel-1, FEME7EAH [F] 4% 1 HM 2 5 5 2 (14 T2
AR g T i By A (R A3 HEARE (O L ) x B g
M: 1.64 mx1.25 m, FHH T 13.94 mx9.32 m) HIL
KB AT ERMDIE ASBR B (23 mm/m A% TF 12 mm/m,
Dai 55, 2023), Widk—'5 BE6Z 92 B HORS 40 /9 1500
fife AT, R AR AR 5 T A RURR, DT A B 30 TR Y
HRIRE . AT ERE, X—RHAE/ NP
AR IXCRIAF IO N S . HOR A & T i K8 FDE
8 IX 2 25% $2 Tt 2= /NS BB AE X 25 50%, 1t
W BE A TE Y S, T — 5 A% T Sentinel -1
AR S BE A &

FERSFF InSAR P& J7 T, 4 4b 474 X (] 5)
P25 R BN, WIk—"5 5 Sentinel-1 [ TR AS 1k
B RR L, IRAE T RS W A R Y T
PE AR, WEIR— T PRI ORI e T
Sentinel—1, % T X M1 FRAF7E 10 35 19 KL AR HFHAE
A R RGO AR S BEEE I, InSAR
&5 Al fe & A M AL AT (Wempen Fl1 McCarter,
2017), M BCULREARAG o 45 45 T 5 2 [ 3
P A A Ok 1Y e K AT RME A2 B B (W5 — %
A 23 mm/m, Tfij Sentinel-1 & 12 mm/m) . A& T
Sentinel-1, Wl — 5 1E KL AL it %A A RE AR 7
5T 588, AR E R TIRES R ML
T, Sentinel-1 5 32 tHA s FIBR ] o X &5 R F W,
W — S ARSI AL W P AHAL T Sentinel-1 HA7 5
SR FRYSE I 1

T UL, A X W 3 — 51k B (1
Hr EE I T 5 Sentinel-1 S fili 5 — 5 1 XF EL 4047,
15 AR5 1A GNSS 5 7K L 25 ik <7 4 i S5 00 5030 %
InSAR Z5 R HATAMTAE BE Sk . BRI, H ATSS R
G510 B 22 S e A SR A [) A% SRS 22 8] AR R X X L 1
AE, XHEAS B B4 XRGBE . R G0 25 SR 22 R IR
PN — R BRI . 5 S 45 A GNSS
i 2wl FUORG 5K I T Jre 2RI gk, DAk
— LR THRE I — 5 AR W I B T PEAL ) A T S
R gt



1190 National Remote Sensing Bulletin i & 54k 2026, 30(4)

|
wn wn
S oo

JEASH %/ (mm/a)
bbb L L
=NV =V W]
o e R o e R e

VU /om

=350
—-400
450

e Sentinel-1

MAPIRIXA (GER=2.1km?)  HFT FS%EA CHIFA=2.1 km?) & TeH: 130634) (fBILHL: 32918)1@—"’ A

VIR — 5 I FFInSARSS S fiSentinel- 11 FFInSAR%S S TREISAR P

(a) LAIDCHR A
(a) Typical region A
100 o8

ViR /em
&

JEAR % /(mm/a)
& 4 il
2 8 8 8 o

—500
IR Sentinel-1

iﬂiﬁi FEXB (H#=3.2km»  JUMPTREXB (=32 km®) <1%<75’§Jz 271560) ((oit: 67890) 1 oY

PR — I P InSAR &5 AR fISentinel-1 1 J5* InSARE, A A [AISAR T AL
(b) LRI [X 3 B

(b) Typical region B
50

=300
-350
-400

}I%Eizﬁ%/(mnm)
5 N5t i gk b
[ =2V =V,
oo o B e e T e R e
Uik /em
J,. O N =

o W —5 LR

@ Sentinel-1

N

S\ 5
\E 1&&,05

9

owsi—% °

@ Sentinel-1 -

20 o
AV A O fLQ’LA"Qs

34

o R .

@ Sentinel-1

-450
Sentinel-1
REIIERC (A0 ko) WRYCRMKGE CEEA-0.L I (1%7{;? ) (1%7?%2“3060)1“7'

FIRE R — i InSARSS [fJSentinel-11 [ InSAR4S RFEISARTE

(c) BRI C
(¢) Typical region C

0
-10
-20
=30
-40
=50
-60
=70
=80
-90

FEAZH 2R /(mm/a)

110 _03,0\ e

L R
O WY Sentinel-1
@ Sentinel-1

Ji

=100

e Sentinel-1

1)y = 1] = ,Q’E K S
WAIFIREIXD (HiA=0.1 km*)  HLRFTFEIXA (if=3.2 km*) (2708 4698)  (I27t8: 1230) ,LQ"LB ,LQ';A rLQ'lb‘Q

BRI — 5 I P InSAR 45 S ff)Sentinel-1H ¥ InSARS, S ARFEISAR T A

(d) AL D
(d) Typical region D

,10 B\ AL

39

E R

\ S N D O NN QA0 EWH YOOI N LD
,,)Q'»Q,Q‘bbb\")’»\ \\")b&b‘b\'\,\b‘q’%

E5 h—5 15 Sentinel -1 15 44~ MR [X sk (1} > TnSAR FEAE 3 R 513 UL %) e

Fig.5 Comparison of deformation rate and cumulative time—series displacement from time—series InNSAR between Fucheng—1 and

Sentinel-1 in four representative areas



JEOGIRE 45 - INPE R X R IR Ik — 5 SAR TLA Wil 5 PEREXT [E

1191

SRR 7 1 IR — 5 AE B W i B
AR E it TRE IR —S (K6 (a))
Sentinel—1 f¥J B InSAR #ORZE S . I Pt — b it

R — 5 M RGN P | R2E T,
Bt HEAE R EONARSE . X 48 T — 5 1w

DR

B IRGE TR O, DR R E, &F S A, AT AR IIE T InSAR B I3 38 3% fz 3 1 £&
W — 5 4 20.42 mm/a, Sentinel-1 2}y 28.11 mm/a, EME
Wil — 5 P InSARSS S Sentinel-1 JFInSARS; S
40°20N [ 40°20N
40°10'N 40°10'N
40°00'N 40°00'N

113°00'E

113°00'E 113°10'E 113°10'E
(=] D
s SOSSSE R D H N OD O D0 S SPRP
JEAR % /(mm/a)
(a) Hili—* 5 Sentinel—1 JUE X 17 75 &

(a) Hlustration of typical regions for Fucheng—1 and Sentinel—-1

30
100
25 7
° rd
~
g 20 50 L /,
@ 15 e
& 10 0F.
5 g
0 E -50
SEIELERPOPRES %’r 100
Wil 5 4% /(mm/a) =
L
18 £
= -150
16 é
14
<o -200
=10
iy
% 5 -250 R*=0.647
& M 1=0.467x-33.634
2 % 3 - M L " "N
0 -300 250 -200 -150 -100 -50 0 50 100

SRNSSOSS SR e 53 (/)

Sentinel- 174 %/(mm/a)
(b) W5 3—"5 5 Sentinel—1 B DX Iul it 22 B 7 ] S AR DG MR A 5]
(b) Velocity histograms and correlation heatmap for typical regions of Fucheng—1 and Sentinel—1
Bl6 [R5 MM SE— " P InSAR BRG] L

Fig. 6 Comparison of time—series INSAR deformation rates between Fucheng—1 and Sentinel-1 over the same period



1192 National Remote Sensing Bulletin i & 54k 2026, 30(4)

P —25 MR A R 25 5, KR IR —
SR TA R (B (a) fRFEMXE) FHRFER
5 [7) 99 5] X% ) Sentinel—1 A1 [ 25 6] 23 %, It
P E AT, nE 6 (b) Fias, nlfis3)
LVERLA RN y=0.467x-33.634, PiE R R =
0.647, 2 W 1 Pl &5 B8 (4 T A8 o R ELAT 4 4y i 2k 1k
HHIEE, SR, RPRRFIEE T 1S BN, &
E W EBIRI S

MEI6 (b) BRI RE, 1E-50—50 mm/a,
FEOJE O mm/a BT, BRI MR R SR OE
28 (BRAH L : 140) RYBRIE, WX TRk RIE
ARIX, PIEBIRREE T RAFMXT N R, EHARTE
B, FE LA B AR, P I 5
1) W A5 0 238 43 A B 00 8, 150 B i A SR G
W& Z AR 22 3 80k 3%, L Sentinel—1 #%
Syl RIS RN o A TR, S5 R N
y=0.467x-33.634, HLMFRREICH 0.467, HliE<1,
R A 33.634, RFPHRIEALT 1, I8 Sentinel-1
Xof A 1) i 7 S B AR TR IR — . HE
FEAARIL B, 2455 30— 5 LI 3] 45 K AR 3 R B
Sentinel-1 fEFE 4G AR R, ZEF EEIH
TR — 5 LA T R 110 2 [ 43 SRR R ) AT
WL AS BRI, RRAEXHMEOTHEAT ARG A bT, M
T 7E 725 I A4 X e IR B S ORI BE )

SRR, PR TR B X 2 S R B
CEMAR—E RIS AR IR AR X
B, A OSSR A L, MG R
I, FRWRE IR — 5 B W2 OR S E BR A
Sentinel—-1 ZU#E R 7 — B . 178 /& B R IE AR X 3,
ZOY PR E R, WIR—5 (O (i1 xBE g5 1]
1.68 mx1.36 m) #H% T Sentinel-1 (13.95 mXx2.32 m)
REng IR BT RS AN G oT T RE J1 o R, AR
InSAR 5 K AT AR 86 B 0520 (Dai 5%, 2023),
T I — 5 1 B R AT R AR 6 B A 23 mm/m, 17
Sentinel—1 4 12 mm/m, A& A NG ENPAE, X

TERAE W — 5 REAE A 7 S8 AR g ) DR PR e
SRAGRINAE ST, PE R RMIE RS, i Tk
PIELER M —E e . X— 25 BRI —
TE i A AL W I 5 T AR ST Sentinel -1 BUOEH

6 B XUUEATR B DInSAR Xt b 2Hr

6.1 # XKEEERTIRINEE /1T

K VAL B — S T X B TR RE, ARWFAR
TEELEIMA . [A] X 38 A9 Sentinel—1 At — 5 5 s it
TR, RS, Wl— 50 2024 44 1
10 HA12024 45 H 2 H M5 Bl —"5£ 0L 2024 4%
4 H9HAM202445H 7 HM 5, Sentinel-1 3
202444 H 6 H F12024 45 H 12 H B 5:AE R L .
SARESE T e, 3 R A BRI X8 SR AR TR A4
BEME (0.4)) 58 HK/N (64) AbH, FFEH—
B RS % 5, R &/ T AR
fif g, A — A LOS MR it .

M 4 b HA TR X I AR A5 R o, Bl —
5 AT RE RO F 4 21 1 200 mm (1) B KO A
G, R LB IR AR I P i S A Y
B AR it KB, B 38— 5 Al Sentinel-1 H} 32K AH
T, MECLE TR I =t 1 B R — 5 AT R T b 21
TR, X EZRR T LB RK TR, P45
TWRES IR E R, H—TJ i, fE/INEAR
X (E 7 (d), RS2 —6 mm
AT, TR — 2 —33 mm, ZHEMZ27 mm,
B RE IR — 5 A /N AR I 5 TR O R, X
JEH T CUB R A . AN B R AR, MR T
LB G A I INEAE . BT (a). (¢) F1 (d)
BT ZE A, FERh CUBE R G, #il—5
D2 TP A8 T IR 2K T Sentinel-1, /R H X
ARG S R I PE AR . X R/, Wk —S 1
KU AR i X I LA SR TR R AR B 1, T
/N AR St DX IO A B g A () A B, SEE T
BORG AH AR TTARAT , X INI AR 1 i [ B8 kg SRR

50 20 £120 £
Z =
=5oop 0 w10 =
" g o, MMW’ €] =
= -50 [, It 201212012
> oy i o]
1 -100 LU 40 | {-40 2
F ;éé—ru ‘ —eofg 60 &

= - . " 0 112 224 336 448

AR —5 W Sentinel-1 BE B /m

(a) AL 1
(a) Typical region 1



YRR & ITE R IR X R VTR I — 5 SAR T2 Wil 5 PERE Xt He 1193

20

g g
£10 E
i {5
2140 2
0 =
& 80 =
o -100
R —5 WS Sentinel-1 PR /m
(b) JuAIX R 2
(b) Typical region 2
o ST
£ A L T £ £
] ~50 M’W‘*:i'u "'A 90 i -20 iz
¥y - : ¥ b
12 -100 ﬂ 40 12 {-40 =2
il | iy 5
" 150 { -60 | 1-60 %
& -200 \ -80 X {-80 £
usst . Ho 5]
= 250 =100 7" 1 _jgp
i 0 142 284 426 568
Rl — 5 B Sentinel-1 B2 /m
(c) MAYIXHE 3
(¢) Typical region 3
iy 20 20
g g
[\,:",ﬁf\ ~ 0 E 0 g
: | ) il i
MREA 2| 2
T -20 2120 12
L ! i
I U’ 40 L {40 £
v =] 3
—60 -60

Sentinel-1

(d) S X3 4
(d) Typical region 4

HlIi 2k

-150-147-106 -87 -53 -38 =25 =22 -9 -4 0 4 13 26 38 43 56 73 96 180

PUFE R/ mm

K7 —HTRERIZES InSAR JEARZE GEXT L]

Fig. 7 Comparison of differential InSAR deformation results from three satellites over the same period

SR, 7E6 XTI R, R — SR
LBL, FERIEAS G T7 HRA L ik
YR—"5 R CBe, HA AT . AL AL foni 7 B
B, AR T LB R —5, X/NEAS &
SEOAAEURE,  REAS SO 40 20 I Rl B AR R AE . RHE
R A S (] 3R, IR — S A T A C By
Sentinel-1, FIH H IR AL LESHALRES o 45
RFW], WS SR S A S R AT PRI AR
JE, ATHEME] L Sentinel-1 R MTEAS 2K ; [R],
FE/NEASE X, e 25 W] 0 B3y SR AR 4R A9 15
JUIRMTREST, RN A 1 o 7 S A

6.2 # XAEFHEERY

InSAR AR TP PPl 88 [ o i F 2248 s
AR R R A IR ZE ORI . ARSI T

Sentinel—1 7£ 2024 4= 4 H 6 H—5 H 12 H /8] A9 4
TSR (K8 (a)), FFFIA T RIS H A
ROk — 576 2024 4F- 4 A 10 H—5 H 2 H 14 A1
THEER (B8 (b)), DAKBEHR—57E202444 1
9H—5 7 HWARIMAH T LR (K8 (¢)). 7
b3RR3 AL YRR S4 SR T 55 1 1 3k I 1)
ik, KA UE P 0 S50k 22 43 T U0 X AT A T A
B BRI T AR T H

MEEAXT AR (E8 (d) FTLUEH, 7EMk
T EXE (0.0—0.2), 3 AR & 2k
45% ., IXSEAUEVE InSAR B4 125 5, Je e
FEWE RS2 T ARAR T0T i e o AETP AR T
PEIX[E] (0.2—0.6), Sentinel-1 (42.63%) 515k
—5 (42.56%) N ECK, UL T AR A 1)



1194 National Remote Sensing Bulletin

RBFIR 2026,30(4)

s KBS RE DR R — 2 TWE B Hodr, W
— S 1E 04—0.6 5 b (21.09%) & T Sentinel-1
(18.91%), FHIHATHHMENET . K E
AHTEXE (0.6—0.8), BAR—5R I (15.90%)
W& T W — 9 (1091%) F Sentinel-1
(8.35%), ARILH TR AAH T MR FFRE T o AEAR S
MFHPEX A (0.8—1.0), BE#E—5 &b (6.34%)
FREDL TR —% (1.62%) FiSentinel-1 (1.13%),

40°20'N

40°10'N

40°00'N

113°00'E 113°10'E
(a) Sentinel—1 #H-T- 145 4

(a) Sentinel-1 coherence results

40°20'N

40°10'N

40°00'N

113°10'E
(c) BlitR—S M TTEEE R

(¢) LuT-1 coherence results

o M .
AFE

113°00'E

[ m4%-1

X FEAG 15 T H LI B SR A ) 28 38 0 A RS E
IR A5 5, PRI v A T DR AR T C gl Bt
PE . TmiE C BRI, WS R T A 4
P, ﬁ?ﬂéﬁiﬂﬂﬁﬁﬂﬁﬁﬁiﬁﬁiﬂ5 TR T
Sentinel—1, X — Pt % 32 22 5 T H 5 /5 19 25 (1] 43 9
x, ﬁﬁ@%%ﬁE%UEﬂEﬁﬂﬁﬂu AT 7 A B
Z TR R A, AREETE T 0k
EERENE.

40°20'N

40°10'N

40°00'N

113°10'E

11°OO'E
(b) H5hh— M Lk S

(b) Fucheng—1 coherence results

v

(=}
'S
32
o\

45%
24%

I 23%
= w}M

- 0

17% —_—
I 1%
| 0,

8% »

. 2%

LI 4

0—0.2

L
S W O W

9 F A 1%
55 3

—
W

10
5
0 02—04 0406 0608 08—1.0
AR X i)
(d) 3HTEMFIEXT L

(d) Comparison of coherence results from the three satellites

[ -1 -1

8 341 TLA [ IR TR X Al

Fig. 8 Comparison of contemporaneous coherence results from three satellites



OGR4 ILTE KA X R DURERS I —5 SAR L2 W S5 HERExT Eb 1195

7 54

AW GEEN KR 3 — 5 SAR TR AED X LR W
T e fy P @%Z%éﬁﬁﬁﬁﬁlﬁ]@, DAL PE K
[A] 8 H R 5Y X, 454 Sentinel—1 Flfifi 48 — 5 %
i, R RGX AL, 2GR —%
B X RE Sy o RSB, Wl — o LU0
STARTLREI, F B R4 A7 DX TRt 0 fig
Bf P W BB A J5 1T, 55 W] Sentinel- IE’JH_JLr
InSAR S5 3R H, Whs 9k — 5 72 /N BB A2 X
(<0.1 km?) BYPAIEE J1 0] 2T Sentinel-1, R4
H 8 AL AR X, 1M Sentinel—1 A IR HAT AT AR X,
TEIE AR AR WM Ty T, 5 Il — 5 A o SRR g
J15F Sentinel-1, JLHAE/INERIEAE X, #EH—
5 Y ORI AL S Sy 3 A O A B R B
TR R A X, B —5 5 Sentinel-1 (L 73
G AR G2, IRFF RIFm—2E; H1ES
HARILAS, TR IR A B 9 23 8] o3 B
R, HARTTHATRE ) S5, DA AE % SRS 1 4R
WOE A8 3 3 TtEae WA rm, 5 A
Sentinel—-1 FIFGFER—F X LM, S5 B, H
— S/ NEAR IR AR — 5 Z R 25 27 mm, 3%
%Cﬁ&ﬁﬁLﬁﬁﬁﬁ$%@ﬁWLﬁﬁE%%
RERE, HEEW— S AEUIRE s 50 R A&

Sentinel-1, 1525 T H I &K PR, %%%ﬁﬂ
Fonr ARG S . TR, HiR—

SR AT XA S 12.53%, BEET
Sentinel-1 4 7.19%, 7~ HAE C I B F H 4 %
FIFHTORERRE S . 5 0, W — S e X UTF%E
T Hp e B L X /N T R AR 9 R A, IR
FLAE R 7 e G W I 5 /N B 72 i g BE 7, AT
FE 0] g AR [ 7 SAR LR 7R AT IX T R W 0 1 b 55
e S % Aok, FETRE—% . Sentinel-1
MBGER—5 Z R R E AT LA SEI S 23 73 B
%E%&%ﬁ%%%ﬁ%,ﬁﬂgﬂﬁ%%%m
FRIUAE 200 Ak W 0 o o] 5 1) 500 < 4%

52 3Lk (References)

Berardino P, Fornaro G, Lanari R and Sansosti E. 2002. A new algo-
rithm for surface deformation monitoring based on small baseline
differential SAR interferograms. IEEE Transactions on Geosci-
ence and Remote Sensing, 40(11): 2375-2383 [DOI: 10.1109/
TGRS.2002.803792]

Chen B, Song C, LiZH, Li Y S, Liu H H, Yu C, Li S J, Liu M, Chen
Y, Zhang L and Peng J B. 2025. Pre-failure deformation mecha-
nism and geomorphological change of the Jinpingcun landslide,
Junlian, Sichuan. Geomatics and Information Science of Wuhan
University, 50(11): 2154-2162 (Fsf, 4[], Z=4R7t, 24, X1
W, ARER, R, XU, PR, Spk, s2dtd% . 2025, U114 £
4 PSS IR LS AR AL IR AL AR AERIT 5T . IR 2 (R
HRIERR), 50(11): 2154-2162) [DOI: 10.13203/j.whugis20250036]

Costantini M. 1998. A novel phase unwrapping method based on net-
work programming. IEEE Transactions on Geoscience and Re-
mote Sensing, 36(3): 813-821 [DOI: 10.1109/36.673674]

Dai K R, Chen Y D, Xu Q, Hancock C, Jiang M, Deng J and Zhuo G
C. 2023. A functional model for determining maximum detectable
deformation gradients of InSAR considering the topography in
mountainous areas. IEEE Transactions on Geoscience and Re-
mote Sensing, 61: 5211211 [DOI: 10.1109/TGRS.2023.3287590]

Dai K R, Li Z H, Xu Q Burgmann R, Milledge D G, Tomas R, Fan X
M, Zhao CY, Liu X J, Peng J B, Zhang Q, Wang Z, Qu T T, He C
Y, Li D R and Liu J N. 2020. Entering the era of earth observa-
tion-based landslide warning systems: a novel and exciting frame-
work. IEEE Geoscience and Remote Sensing Magazine, 8(1):
136-153 [DOI: 10.1109/MGRS.2019.2954395]

Dai K R, Tie Y B, Xu Q, Feng Y, Zhuo G C and Shi X L. 2020. Early

=

identification of potential landslide Geohazards in alpine-canyon

terrain based on SAR interferometry
dle section of Yalong River. Journal of Radars, 9(3): 554-568 (3
RN, FK, ViR, s, SRR, BAEHE . 2020. i LIRA X
B9 Bt InSAR R IH YU ——LUHEZ T h B ] ik o
%, 9(3): 554-568) [DOLI: 10.12000/JR20012]

Dai KR, WuM T, Zhuo G C, Ju A H, Wen N L, Feng W K and Xu Q.

a case study of the mid-

2023. Review on InSAR early identification and monitoring of
reservoir landslides for large hydropower engineering projects in
Southwest Mountainous Area of China. Journal of Earth Sciences
and Environment, 45(3): 559-577 (#n] A\, M4, w5l /=, %
A, WATES, 1 S0, A L 2023, PER LU X R K HL TR A e
e InSAR R 550 5 s DN ATF 50 0 i M R B4 5 BRI A4
45(3): 559-577) [DOI: 10.19814/j.jese.2022.12080]

Dong J, Guo S K, Wang N, Zhang L, Ge D Q, Liao M S and Gong J Y.
2023. Tri-decadal evolution of land subsidence in the Beijing
Plain revealed by multi-epoch satellite InNSAR observations. Re-
mote Sensing of Environment, 286: 113446 [DOI: 10.1016/j.rse.
2022.113446]

Fan W Z, Wang T, Barbot S, Fang D, Ran J J and Luo H. 2025. Weak
asthenosphere beneath the Eurasian interior inferred from Aral Sea
desiccation. Nature Geoscience, 18(4): 351-357 [DOI: 10.1038/
s41561-025-01664-w]

Feng S M, Dai K R, Sun T G, Deng J, Tang G M, Han Y K, Ren W J,
Sang X R, Zhang C W and Wang H. 2024. Mini-Satellite Fucheng
1 SAR: interferometry to monitor mining-induced subsidence and
comparative analysis with Sentinel-1. Remote Sensing, 16(18):
3457 [DOI: 10.3390/rs16183457]

Ferretti A, Fumagalli A, Novali F, Prati C, Rocca F and Rucci A. 2011.



1196 National Remote Sensing Bulletin i &

3 2026,30(4)

A new algorithm for processing interferometric data-stacks:
SqueeSAR. IEEE Transactions on Geoscience and Remote Sens-
ing, 49(9): 3460-3470 [DOI: 10.1109/TGRS.2011.2124465]

Ferretti A, Prati C and Rocca F. 2001. Permanent scatterers in SAR in-
terferometry. IEEE Transactions on Geoscience and Remote Sens-
ing, 39(1): 8-20 [DOI: 10.1109/36.898661]

Goldstein R M and Werner C L. 1998. Radar interferogram filtering
for geophysical applications. Geophysical Research Letters, 25(21):
4035-4038 [DOI: 10.1029/1998GL900033]

Han Y K, Dai K R, Deng J, Wen N L, Ren W J, Chen X F, Du J and
Wang H. 2025. Fucheng-1, high-resolution Chinese interferomet-
ric SAR: first DInSAR result for landslides monitoring. Measure-
ment, 247: 116876 [DOI: 10.1016/j.measurement.2025.116876]

Hooper A. 2008. A multi-temporal InSAR method incorporating both
persistent scatterer and small baseline approaches. Geophysical
Research Letters, 35(16): L16302 [DOI: 10.1029/2008 GL034654]

Hu L R, Tang X M, Tomas R, Li T, Zhang X, Li Z W, Yao J Q and Lu
J. 2024. Monitoring surface deformation dynamics in the mining
subsidence area using LT-1 InSAR interferometry: a case study of
Datong, China. International Journal of Applied Earth Observa-
tion and Geoinformation, 131: 103936 [DOI: 10.1016/j.jag.2024.
103936]

Kadi F and Yilmaz O S. 2024. Determination of alternative forest road
routes using produced landslide susceptibility maps: a case study
of Tonya (Trabzon), Tiirkiye. International Journal of Engineering
and Geosciences, 9(2): 147-164 [DOI: 10.26833/ijeg.1355615]

Li Z H, Song C, Yu C, Xiao RY, Chen L F, Luo H, Dai K R, Ge D Q,
Ding Y, Zhang Y X and Zhang Q. 2019. Application of satellite ra-
dar remote sensing to landslide detection and monitoring: chal-
lenges and solutions. Geomatics and Information Science of Wu-
han University, 44(7): 967-979 (ZE4RHL, K, 4, M HM0, B
SEAR, B W, FORIR, T—, KA, K. 2019. TAEH
TR R U B I TR W e g 19 P PR S xR BRI
AR (5 BB AR, 44(7): 967-979) [DOI: 10.13203/j. whu-
2is20190098]

Pepe A and Lanari R. 2006. On the extension of the minimum cost
flow algorithm for phase unwrapping of multitemporal differential
SAR interferograms. IEEE Transactions on Geoscience and Remote
Sensing, 44(9): 2374-2383 [DOI: 10.1109/TGRS.2006.873207]

Polat A B, Sanli F B and Akgay O. 2022. Analyzing rice farming be-
tween sowing and harvest time with Sentinel-1 SAR data. Ad-
vanced Remote Sensing Journal, 2(1): 34-39

Qin Y X, Zhang Q J, Hong W, Han B, Li F F and Shen J X. 2025.
GaoFen-3 mission for InNSAR time series analysis: a quantitative
evaluation. IEEE Journal of Selected Topics in Applied Earth Ob-
servations and Remote Sensing, 18: 11428-11450 [DOI: 10.1109/
JSTARS.2025.3552672]

Ren C M, Wang Z X, Taymaz T, Hu N, Luo H, Zhao Z Y, Yue H, Song
X D, Shen Z K, Xu HY, Geng J H, Zhang W, Wang T, Ge Z X, Ir-
mak T S, Erman C, Zhou Y J, Li Z, Xu H, Cao B N and Ding H' Y.
2024. Supershear triggering and cascading fault ruptures of the 2023
Kahramanmaras, Tiirkiye, earthquake doublet. Science, 383(6680):

305-311 [DOI: 10.1126/science.adil1519]

Sansosti E, Berardino P, Manunta M, Serafino F and Fornaro G. 2006.
Geometrical SAR image registration. IEEE Transactions on Geo-
science and Remote Sensing, 44(10): 2861-2870 [DOI: 10.1109/
TGRS.2006.875787]

Tang G M, Dai K R, Deng J, Liu X J, Liu C, Liu T X, Guo C W and
Fan X M. 2025. An enhanced neighborhood differential method
for potential landslide identification from stacking-InSAR results.
Measurement, 242: 115921 [DOI: 10.1016/j. measurement. 2024.
115921]

Tang G M, Dai K R, Zhuo G C, Shen Y, Chen C and Xu Q. 2023. Rap-
id identification of potential landslides in the Maoergai reservoir
based on InSAR phase gradient stacking. China Earthquake Engi-
neering Journal, 45(5): 1096-1105 (FEYGR, 8T A, 558 =, I
A, BRJR, VPR . 2023, JEF InSAR 7B B 0 B /R 36 1 7
TR I B R PR L) L MR TRE2A AR, 45(5): 1096-1105) [DOT: 10.
20000/j.1000-0844.20230529006]

Villano M, Marquez-Martinez J, Moller D and Younis M. 2022. Over-
view of Newspace synthetic aperture radar instrument activities//
IGARSS 2022 - 2022 IEEE International Geoscience and Remote
Sensing Symposium. Kuala Lumpur: IEEE: 4130-4132 [DOI: 10.
1109/IGARSS46834.2022.9883128]

Wempen J] M and McCarter M K. 2017. Comparison of L-band and X-
band differential interferometric synthetic aperture radar for mine
subsidence monitoring in central Utah. International Journal of
Mining Science and Technology, 27(1): 159-163 [DOI: 10.1016/].
ijmst.2016.11.012]

Wright T J, Parsons B E and Lu Z. 2004. Toward mapping surface de-
formation in three dimensions using InSAR. Geophysical Re-
search Letters, 31(1): L01607 [DOI: 10.1029/2003GL018827]

Xiao R'Y, Wang X, SunJ Y, Li T, Tian X, He X F. 2025. Comparisons
of differential interferometry of Chinese SAR satellites in ground
deformation monitoring. Geomatics and Information Science of
Wauhan University, 50(8): 1517-1526 (i ff&#f, T, 7higta, 25
W, I, 55 R, 2025. [F" SAR L 2273 T ¥l 1 Hb R Y A8
Wb g BRK A AE R (fF B RE 2 AR), 50(8): 1517-1526)
[DOTI: 10.13203/j.whugis20240468]

Xiuming J, Chao M and Anyuan Z. 2008. Environmental investigation
and evaluation of land subsidence in the Datong Coalfield based
on InSAR technology. Acta Geologica Sinica - English Edition, 82
(5): 1035-1044 [DOI: 10.1111/1.1755-6724.2008.tb00660.X]

Xu Q, Dong X J and Li W L. 2019. Integrated space-air-ground early
detection, monitoring and warning system for potential catastroph-
ic geohazards. Geomatics and Information Science of Wuhan Uni-
versity, 44(7): 957-966 (I ik, #7554, 22 M K. 2019. I T K-%3-
Hb— R A P B R SR B SRR RU) A M I L R
AR (5 B BE 22 W), 44(7): 957-966) [DOIL: 10.13203/j. whu-
2is20190088]

XuY Z,Li T, Tang X M, Zhang X, Fan H D and Wang Y W. 2022. Re-
search on the applicability of DInSAR, Stacking-InSAR and SBAS-
InSAR for mining region subsidence detection in the Datong Coal-
field. Remote Sensing, 14(14): 3314 [DOL: 10.3390/rs14143314]



FOLR 55 PRI X R IR — 2 SAR TLAL I 5 PEREXS [E 1197

Surface subsidence monitoring and performance comparison of Fucheng—1
SAR satellite in the Datong mining area, Shanxi
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Abstract: Fucheng-1 is China’s first commercial SAR satellite with high-resolution C-band capability for interferometric measurement, but
its performance in mining subsidence monitoring lacks a comprehensive comparative evaluation. This study uses the Shanxi Datong
Coalfield as the research area and employs Small Baseline Subset Interferometric Synthetic Aperture Radar (SBAS-InSAR) technology to
process time-series data from 11 scenes of Fucheng-1, comparing the results with those from Sentinel-1 and LuanTan-1 satellites. The results
show that, in terms of time — series InNSAR measurement, Fucheng-1 identified 57 subsidence areas, providing a comprehensive depiction of
the mining subsidence distribution. For the detection of small-scale deformation areas (<0.1 km?), Fucheng-1 detected 8, whereas Sentinel-1
failed to identify them, demonstrating its advantage in small-scale mining subsidence detection due to its high-resolution imaging.
Moreover, when comparing deformation velocities, both data sets showed good consistency in low velocity deformation areas. However, for
high velocity deformation areas, Fucheng-1, with its higher resolution and larger detectable deformation gradient, captured more accurate
deformation signals, especially for small-scale rapid deformations, where Fucheng-1 demonstrated superior measurement accuracy. Multi-
satellite differential INSAR comparison results revealed that Fucheng-1 consistently detected larger deformation values than Sentinel-1 and
captured approximately 23 mm more deformation in a small deformation area compared to LuanTan-1, indicating that Fucheng-1, with its
higher resolution, can detect larger deformation levels, while L-band LuanTan-1 is more sensitive to small deformation values. In terms of
coherence, Fucheng-1 achieved 12.53% of pixels with coherence values between 0.6 and 1.0, higher than Sentinel-1’s 7.19%, showing better
coherence performance under the same C-band conditions, but lower than LuanTan-1’s 22.43% with its longer L-band. In conclusion,
Fucheng-1 exhibits a sensitive detection advantage for small-scale deformation in mining subsidence monitoring, with the ability to monitor
both large deformation levels and small deformations. This study provides a reference for the future operational applications of domestic
SAR satellites in mining subsidence monitoring.

Key words: Fucheng-1, high-resolution commercial SAR satellite, differential InSAR (DInSAR), time-series InSAR, monitoring
performance evaluation, subsidence monitoring
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