Geomatics Science and Technology JIZ2F} %35 K, 2020, 8(2), 60-67 Hans X
Published Online April 2020 in Hans. http://www.hanspub.org/journal/gst
https://doi.org/10.12677/gst.2020.82008

Ground Subsidence Detection of
Beiquan Mining Area Based on
Stacking Time-Series InSAR

Yonglian Shal, Guoxiang Liul2*, Xiaowen Wang2, Rui Zhang!2, Bo Zhang?, Shirao Lil

'Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu Sichuan
*State-Province Joint Engineering Laboratory of Spatial Information Technology of High-Speed Railway Safety,
Chengdu Sichuan

Email: “rsgxliu@swijtu.edu.cn, syl973281310@163.com

Received: Mar. 26", 2020; accepted: Apr. 1%, 2020; published: Apr. 8", 2020

Abstract

Mining subsidence monitoring provides supporting information for safety production. Based on
the Stacking time-series InSAR technology, using 73 scenes Sentinel-1A data that cover the Bei-
quan 1 and Beiquan 2 mines site in Hami, Xinjiang, the surface subsidence of the study area from
March 16, 2017 to October 8, 2019 was monitored, and we acquired time-series ground subsi-
dence information. The results show that there are three subsidence funnels within the mining
area, the maximum annual subsidence rate is -154 mm/a, and the subsidence of the mining area
is affected by climate such as the freezing period, which has a certain seasonal pattern.
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1. 5|

B AL 3 BRI, SR, BER BT BT R T LB S BRI MRS, s R
MR A A TEAR, I 514D &S TR ] UM 9 B, SUmiy™ [X 224 7 e A Tk 5 22 42 (1] [2]. Hit,
SRR SR A ) R AT IS M oy 0 BE R . SRTAT, ARG I I B G K I =R GPS & A
s MIFEE N TR, H A B HUS B AR T S el X B AR IR, TTTBEAS T8 X
TR 7 150 1) 22 THT 00 B A DG AR A 9T [3] [4]

it InSAR (Interferometric Synthetic Aperture Radar, INSAR) /7 ¥:1E N InSAR £ AR IR, Wik 7 H
#L DINSAR I 2 AR TR SRS (MR, AU R M5 WISEHE . MRS, Hsel 7
KIS AP 2T AR I, A R T X AR U A RS B2 (I 18] 7 A2 15 R [5] [6]. b, T EIMES
(Stacking) [7]HfFF INSAR J5ikdt T2 1A%, 5 /s, PHZANES TR, BRER 7=z
FEA KGRI JAH T ) JHL AR 7 RARRBh 4 22 00 TS AR AL B S R sm, $m 1 IIs EE, R
RERG IR PPk K B OB AR IR S, A BT DX UTReE W .

JEIR LHAIIEIR 2 B A TR RS B 0 [ X R, EASETRER Y, KEPFR SBUZMBX %
JEA B JHERER, IR UG . ASCRA 2017 4F 3 H 16 H % 2019 4F 10 H 8 HIt 73 5% Sentinel-1A
THFEAR, T Stacking I FF INSAR J7 3205 1230 X #EATUURE B I, $RIN™ XIT KUK L&Y, A FEirG
A, B AR DX P B O SRR 2 TS 1 B SO
2. Stacking BJFF InSAR & AR

Stacking ¥t B EE AT DInSAR FEpk, (EAEMZERTWEIG, SMITRAGIBEN, f)q3k
Bt R AR i R 4 R [8] [9], EAWAEME 1w .

oG, RECEER SAR SR K SAHALAS E HEENL A, AL oTlk (B REAL A1, i i ) e j )
B2 T AL [10] [11]:

W, = AT M
Seoft, AT, N IR . 5T 2 P ERING, ARG A R F
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Figure 1. Flow chart of Stacking time-series INSAR technology
1. Stacking BfFF INSAR AR GIZE

FEAG THAR AL AR A It AT DU T TP RO AR AL AR AR 22, HL 5 B 2 ) (i ] IRT R AR A B,
WHREMG, MAARER bR EZRR N[12] [13]:

std(V) = SQRT(%ZL\MZ (ph, /AT, —PRY /ZL‘MZJ o

A, VO N IEZES T B E &G A AR R

Stacking J7iE RN — KA ZE o T B TAHAL SN, IWMSRECPIE AR R, sem it UK E
WA, R, SINjE AN BN, KRS AREMA S TR E S O R K,
HEEETE TSR, FF0k 35 R AE IR 15 22 R IR DUARALE Wa IS FE [14] [15].
3. RXEEUR R EIEIR

JEIR LA FER 2 B0 T B s 2 T =8 e X AR, & BA%, Wil 2 s, b, dbR 18
O ARER AR 4 92°40'51", b4 43°07'48", ZPGKZ 2.10 km, Egdb#E4) 2.50 km, [HifRZ) 4.55 km?,

FEFPRE 1.44 Mtfa; dbIR 2 0 OB AR SR A R 4 92°44'25", b4 43°09'15", 75K 8.54~11.87 km,
Bk 9E 0.97~4.09 km, [HiFRZ) 37.02 km?, it ~HE 4.00 Mt/a.
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Figure 2. Study area image
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ARICKRA 2017 43 H 16 HZ 2019 4 10 H 8 H 3t 73 5 Sentinel-1A FHH 1%, FIH Stacking i 7
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4. BEMERB 73
4.1. 7 XBAGER
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Figure 3. Annual average subsidence rate of Beiquan 1 and Beiquan 2 mines

3. bR 17 KIbR 2 W SRR R AR E

T NIREXAERIZ, WiE AOFTR, WHEZLUEE L E 4@)~@e)Fr. HHITHZE ALA2,
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XFEEIEFEIX Sentinel-2 655245, Wil 5 fs, KILA XIS TR 10 Tl AR FE 125 1.00 km
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Tt ASAGTEIARTE M, o, B XIEATEKZ 1.10 km, BIb%4) 1.10 km, VIMGEHIARZ 1.21km?; C
X AR AR P K2 1.50 km, FEALTEL) 1.30 km, VIFATHIRIZ) 1.95 km?, iR X AR OK HL 5 w4 41
SR, PIREAETE R ARRAE

R RACR 1A R ABR 2 iR AR Pk RE . $REL 2017 4E 3 H 16 H & 2019 4F 10
H 8 HEAM&RE—H K 12 RIEFE N rikaa, 12 KIS & B eT LR 1R v E— “ihZ1”
G, X BT EUARILANR] “BF 207 T DX R AR R . FEDTRE X IR £ 2 AMRHIE RU(AL~C2), 7[5
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Figure 4. Map of subsidence of Beiquan 1 and Beiquan 2 mines along the section line
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Figure 5. Study area optical map
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Figure 6. Time-series subsidence of characteristic points in each area
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JE IR E T Ay By C X MRIE R HUIaas FokE, JR 10 JFREP T A X4, 2017 4% 2019
AR, PIRETEEDE S KRR — B E A A BORIRE Y, DI ZEm, = 2019 410 H &
THITRAEEZ) 400 mm; J6SR 2 §77E 2017 4E 32K C X3k, 2018 )5 uks5 1 C XK1, KILH 2017
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Figure 7. Cumulative subsidence distribution map of Beiquan 1 and Beiquan 2 mines
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