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Abstract: Objectives: With the advancement of national and intercontinental-scale ground deformation
monitoring, interferometric synthetic aperture radar (InSAR) technology has transitioned from laboratory
research to widespread practical applications. China’s development in this field has seen significant milestones,
including the launch of its first civil InSAR satellite system, Lutan—1, which marked a new era of domestic
synthetic aperture radar (SAR) satellite applications. Moreover, commercial small SAR satellite systems, such
as the Hongtu—1 constellation and Fucheng—1, have experienced rapid growth. Despite these advancements,
a notable gap remains between the high—resolution interferometric SAR satellite data products and their
operational applications in China compared to the mature systems of developed countries. Methods: The three
Chinese SAR satellite systems, Lutan—1, Fucheng-1, and Hongtu-1, are utilized to monitor ground defor-
mation in the Zhangshuanglou coal mine area in Peixian County, Xuzhou City, Jiangsu Province,, China. The

differential INSAR method is employed to assess the monitoring performance, focusing on key metrics such as
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interferometric coherence, phase closure error, and deformation results, using data from the European Space

Agency’s Sentinel-1 satellite as a reference. Additionally, a multi-geometry INSAR observation model is applied

to derive both horizontal and vertical deformations of the mining area, providing valuable insights for the ad-

vancement of INSAR applications. Result: All three Chinese SAR satellite systems detected two funnel-shaped

subsidence areas in the study area. Although the subsidence area and regional deformation rate peaks vary from

each satellite, the consistencies among the monitoring results are high. Conclusion: The three Chinese in-

terferometric SAR satellites have good deformation measurement capabilities, and the integration of multi—source

satellite data is feasible and has great application prospects.

Key words: Chinese interferometric SAR satellites; Lutan-1; Fucheng-1; Hongtu-1; differential interfer-

ometry; ground deformation
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Table 1 Comparison of Interferometric SAR Satellite Parameters

TR EP‘D‘}B@ ‘ %?ﬁﬁﬁﬁ FER OBRIE ALAs R R MR KA H W BAE G
PR g TR BRI VR S km MRS m KR m o (A/B/O) i
¢/3:=9) (PAU /B2 JRE )

2014-04-03 (A) P

Sentinel-1 2280 5.41(C) WAL k= 12/6 TOPS 250 13.94 9.32 2016-04-25 (B)
2024-12-05 (C) o
BiE 2 3600 1.26(L)  AURZEE 8/4 50 1.73 Leg  020L26(A) AL
2022-02-27 (B)  fudkz
Wk —5 300 5.41(C) PR 11 25 1.67 1.25 2023-06-07 [ERI4
5 320 9.60(X) 1+3“F#":0 15 20~30 1.69 0.75 2023-03-30 [ERI4

1+ 38R Sentinel-1B T2 B F 2021 42 12 A K54

Sentinel-1 T H & VLK 7 4 Bk H N
BT SAR B , BRI 23 18] J5) 18 B8 T 03k B
B SR T B Ry 24 i 528 O b DN 53 ] e
T BRI . BT SAR TA SR R [F
Boom L2 R — S PEM IS EH S AR
BEURER N S R R RO AR S ) 2 R] AR
HUA TR O 2% Ol 55 S0 HEAT 43 R 5 R
— 5 5K —5 3 B R R R X R R R
% . B, i —5 2 g ik Al 55 1k IR 55 B B,
T I — 5 A% P — b B A 4k e BLZE Bk, 3
411 7 SAR B 35 FF IS 4378 490 5040 AR Pk
IR BRI H SR

A ST R Y Sentinel-1 5 F 7= SAR TLA
15 78 55 70 PR B R 5 IX M A ABE 00 40 P 1 B, T 95
i B 5k S 1™ XA F AR & XN . Sen-
tinel-1 TR TOPS e =X LA b 45 23 [1] 43 %
PAF TR KA IRTE bR — 5 55 fhis 17 1) &4
B 1l 08 050X 1 O8I0 ) 2 i) 43 99 230 R0 5 A% 7
R (LS

B2 B/R T 441 SAR TR 7E [A] — X 3, A 3 i
T J 1 B R R AR H S5 5 . AT Sentinel-
1,341 /= SAR T3 2L 508 PF - g 2 (] B R B
A 8 20 Y i AT R 0, L T AR RS ) B Bl ok B
PRI J 1) B R AR 4% 5, v O AR FE .

1.2 E=SARES TiHNEHIELLIE

A SC {9 SAR T S A% 5 O ) i 3 2

JiR o X SAR B HEAT 25 00 T A0 B8 . LIA L 52

i 300600
115.0°E 116.0°E 117.0°E 118.0°E

Pl TR S0 35 T IR St 5 X st R R O (48 S8
e VR T [ 5 AR At PR AE B L)
Fig. 1 Satellite Image Coverage and Topographic Profile

of the Study Area (The Provincial Boundary Data Comes

from the National Geomatics Center of China)
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Fig. 2 Comparison of SAR Intensity Images of Zhangshuanglou Mining Area from Four Satellites
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Fig.3 Interferometric Coherence Results of Four SAR Satellites in Zhangshuanglou Mining Area
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Table 3 Standard Deviations of Phase Closure Loop Errors in Zhangshuanglou Mining Area
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Fig. 5 InSAR Ground Deformation Rate Results of Zhangshuanglou Mining Area
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Table 4 Statistics of Deformation Rate and Subsidence Area of Four SAR Satellites
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