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Applicability of two grey models in earth-surface subsidence prediction of mining area

SHI Xiaoyu', ZHANG Yanhai*, YANG Keming', YAO Shuyi', WANG Jian'
(1.College of Geoscience and Surveying Engineering, China University of Mining and Technology
(Beijing), Beijing 100083, China; 2.Department of General Defense and Geological Survey,
Huaibei Mining(Group) Co., Ltd., Huaibei 235000, China)

Abstract: Existing dynamic single-point subsidence prediction methods of mining area earth-surface are
mainly based on traditional leveling measurement data, which have single monitoring mode, high cost and
easily destroyed observation points, and cannot guarantee real-time of earth-surface deformation
information. Moreover, application of grey model for earth-surface subsidence prediction is only for a
single model and its applicability is not analyzed according to characteristics of the model itself. Taking
7221 working face of Yuandian No. 2 Mine as an experimental zone, earth-surface subsidence value is
measured by differential interferometry synthetic aperture radar technology, and then GM(1,1) and grey
Verhulst model that describe the relationship between subsidence and time are built separately for
predicting earth-surface subsidence value, so as to realize the integration of earth-surface subsidence
monitoring and dynamic prediction of mining area. Through comparing and analyzing fitting and prediction
results of earth-surface subsidence value between GM(1, 1) and grey Verhulst model, the applicability of
the two grey models in earth-surface subsidence prediction of mining area is obtained: GM(1,1) should be

used for short-term prediction from beginning of mining subsidence to early active stage if subsidence value
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curve of single point is approximately unimodal; when earth-surface subsidence enters into decline stage

and subsidence value curve of single point is in flat-bottom saturation, gray Verhulst model should be used

for medium and long-term prediction.
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Table 1 Interference pairs of Sentinel-1A radar
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7 2018-01-15 2018-01-27 VV IW —38.809 12
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Fig. 1 Subsidence distribution of 7221 working face in time series
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grey Verhulst model

A9 WK B BRI

GM(1,1D) JRAG, Verhulst f55 81
R
TR a2 TRk J 4 22
I3 X KIKRE X KIKBE .
2 /mm (C/P) 2 /mm (C/P)
0.189/
H, 5.125 0.991 3.766 0.993 0.148/1
0.833
H; 8.189 0. 991 0.162/1 5.183 0.987 0.157/1
E, 1. 342 0.993 0.139/1 1.022 0.995 0.187/1
G; 1. 813 0.995 0.058/1 3.062 0.963 0.111/1
F, 1.476 0.998 0.081/1 1.022 0.993 0.069/1
3G 8 WIVLRE I BUIRT B A 50
Table 3 Prediction precision checking of subsidence value
in phase 8
GM((1,1D) TR AT Verhulst 5% #4Y

VR e
B/ S/ MR UM H2E/ X

Mo fH/m
mm mm  2%/% mm mm  %/%
H; —57 —67 10 18 —54 —3 5
H; —73 —110 37 51 —88 15 21
E; —22 —21 —1 5 —19 —3 14
Gs —113 —95 —18 16 —89 —24 21
F, —52 —51 —1 2 —60 8 15
2.3 T RS

() M 5Ca) - 5 [ &, S bR UL & ih
LRI RO A AR, s GM (1, D) AR 8
Verhulst BEEIFTHA (1,2, 3 8] 814 45 5 22 518 X,
A HA (4—7 D JK £8 Verhulst 174 GM(1, 1) Ik
S A S5 RS PR UG R W) G 8. B 5o
SERR UL B 2R S A R R R A s R
GMI, DilFIRER K. B 5D E 5Ce) P ELBRIT
e T 2 S T A B R, GMLCT, 1) 404 il 48 B 483
SEFRAE , HIE BHGM (1, 1) 1K {8 Verhulst 4 2 41

Table 4 Prediction precision checking of subsidence value
in phase 9
GM(1.1) JK A5, Verhulst #7
M gzbR
) WHE/ 525/ MIXER BOE/ &2/ AR
Ao fH/mm
mm mm  %/% mm mm /%
H, —57 —179 22 38 —58 1 2
H; —75 —131 56 75 —90 15 20
<o —26 —24 —2 8 —20 —6 23
Gs —113 —117 4 4 —104 —9 8
F, —63 —62 —1 2 — 86 23 37
BHERMERK,

(2) I 2 a &, W & He, Hy K@
Verhulst SRV G 45 LB B AL T GM, D), F ¥ 5%
EA B /NT 20 26.5% .36, 7%, HLHE IS I 25 K
G (3R 5) MM A Hy, 19 GML, D LA 455 H Ak
KB G HE T H K 8 Verhulst B AU LL5 45 FOK i 55
PR F) LA W L Gs R GM(L, D 3G 71
TR 2Z B IK A Verhulst BRI /N T 1. 249 mm, & HE
JEREE T2 3. 200 W 5 B, F, SRA 2 Ff GM i
B IR AR K B SRR B R AP, HF 22
Z¥/NTF 1 mm,

x5 EREREER
Table 5 Precision level of posterior error
B2 ¥ W C INRZEMEE P
K4 C<0. 35 P=0.95
G 0.35<<C<0. 5 0.8<<P<0. 95
ik 0.5<C<0. 65 0.7<P<C0.8
Ko fs C=0.65 P<0.7

(3) MNFE 3. FATAFN R GML, D FK 6
Verhulst #EAIFIHEE 8,9 ] 5 AN WL A5 A9 T BA & 1f
KB 53R 2 R LGRS BE B — 35, R WY AT AR 5 A% R A
AR EE (B 22 QTR B R I 96 22) 1k BT FR W H 35
BEARL . GML, )XW s Hy B 3503 3 25 e K B
KFE 224 XH{H Mg 56 mm, 58 9K 12 5 00 2 i 4 0
Bk K @ Verhulst £ 8 S Hi A&, JK @ Verhulst
BRI 2 8 WL o5 G5 A9 BT RS B e A1 - fe K AH
SR 22N 21 % i fd F GM (L, 1) $i 3 i % 22 0 /0
T 6 mm, HAXFRZEB/NT 5%, B RUR B4,

AL DL T B 0 B it 5 0 S R A AR AR Y
WL Al Hy s Hy ) 2 3 AT 238 By Be i 3%
JK A Verhulst B8 3E 1730 [ 2h A& F it . ok B B A0
F GM(L, 1) fe KA R 2000 T 55 % 5 &k A
TURA & e B B i X 50 i LR £ it 2 2 0 AL
TR FR LI A5 Can G5 W Fo 3 GM(L, 1) BT B



2020 5% 5 # ERFEFL2HAAECHEALET R ERGRIT P OERAKL

e« 33

AT de RAH X R 22 W2 3504

3 %

=

(1) H SR b R 8 By & — > SE Ik 5 9l ek 1)
i AR B A T IR R SR B [ 9 RS L M 4
LT S MBI B B B sh KAk sh 4 A
B B, HLA% 2l Ll S — A BE AL AR T S

(2) B 1L JF SR T B T h 22 06 BRI 3, b 3 BRL A
DL 1 M 26 2 T L gAY SR B GM(L, D) A7 4 1
T8 B AL 5 20 X Ml 2 F 0 B o il 4R 2 OT IR
TR R A DU RS IE A 5 IR B B, Ub B SR H K
Verhulst A5 8 11 i1 (1 45 5 5 52 PR (E 3R 22 8/ 38 H
FriRAHET,

(3) GM(1, 1) FlJK f8, Verhulst 5 % 45 f£ 55 1,
RUCFEBIT Hm & R R RITE R A T
SHVESE [H] P 50 e R 1 s 2 o R L 5 o A AR Rk
5% BT A 0 €51 rry B ] e SR Y T R B Y
Mo FVTRA R — A 2% 00 I 72 A8 b 72 AR 5 i )
JP B AR I N 8 52 BB T3 S B2 23 B e [R] ) 5]
R 5 b R S O ik AR R LA ) M 45
A 7 TR A 1) b AT B S A ULRA TR A

% % LK (References) :

L1 Eil. ok, R, 4. R0 R B8 U0 0 3 10 1Y =5 4% &)

Bt B/ 4r #r 1], B8R 3% IR % 4, 2019, 34 (3):
487-500.
WANG Nuo, ZHANG Jin, WU Di, et al. The
temporal and spatial patterns and causes of coal
resource flow in the world [ J]. Journal of Natural
Resources,2019,34(3) :487-500.

C2] kA, 48k, ok, 55, JEEAN HUZ T SR BE 1 3% 0 PG 4
AEBEFELT]. BB PE A AR, 2019,47(6) :192-198.
GAO Yongge,NIU Chu, ZHANG Qiang, et al. Study
on surface subsidence characteristics of coal mining
under thick loose layer [ J ]. Coal Science and
Technology.2019,47(6):192-198.

(3] BB FFRUTEEShA BT 7 w5 LD, i (L A 3
TK2£,2013.

CHEN Bo. Research on dynamic prediction method of
mining subsidence[ D]. Zibo: Shandong University of
Technology.2013.

4] XVE .8 30T KF-BEZ T R UL B 19 3t 2k
T PR R LT 0l R 2 2 4, 2019, 48 (3D
676-681.

LIU Yucheng, DAI Huayang. Hyperbolic function
model for predicting the main section surface
deformation curve due to approximate horizontal coal

seam underground longwall mining [ J]. Journal of

China University of Mining and Technology,2019,48
(3):676-681.

(5] FEhd . BRERAS . 1E BRI 0 ARHE 2 JF R TTBA 4 Al

B [, ) g B TR A 4R (A AR D, 2018,
37(3):12-16.
YAN Weitao, CHEN Junjie, YAN Yueguan.
Subsidence prediction model construction in inclined
coal seam mining [ J]. Journal of Henan Polytechnic
University(Natural Science),2018,37(3):12-16.

[ 61 BRifFHE. 2 BETy ARBE. 57 X FF R0 MG T3 14 Btk BP
M BRI 410, 2017(4) :119-122,
CHEN Haiyan, RONG Xiaoli. LIN Yang. Mining
subsidence prediction based on improved BP neural
network model[ J]. Metal Mine,2017(4):119-122.

(7] XEIp. KEIEFEm M. BT 4 PR R 2 R
#,2002.

DENG Julong. Grey theoretical basis [ M]. Wuhan:
Huazhong University of Science and Technology
Press, 2002.

[ 8] Wiz, AR /N Z 3 vk ek Ik €6 T I A A 1) 2 ) 43
MrlIJ. M2 Rl ,2014,39(11) 1 104-107.

PAN Shenyun. Application of penalized least squares
method in gray forecasting model [ J]. Science of
Surveying and Mapping,2014,39(11) ;104-107.

9] R, &R, kSN, R IR S I8 5 R 09 K6 g A

RATEARTE M T ob g R, AT L. T 22 Rk 4, 2011, 36 (4)
19-21.
JIANG Gang, YANG Zhigiang, ZHANG Guigang.
Application of gray model in deformation monitoring
based on Kalman filter method [ J ]. Science of
Surveying and Mapping,2011,36(4) :19-21.

(100 B 7. PR 22, K6 B AR B AR 1 28 T8 e i) oo )
R &R a1 ,2009(1) :154-155.

XIAO Haiping, CHEN Lanlan. Application of grey
theory model in monitoring mine deformation [ ] ].
Metal Mine,2009(1) :154-155.

[11]  E#&. k&8, Brotdk. 5. T D-InSAR LOS [ 4 JE

B FF R IR T S 80O 8 ks [T ], E kK
Z224R] ,2017,46(5) 1 1159-1165.
WANG Lei, ZHANG Xianni, CHEN Yuanfei, et al.
Method of mining subsidence prediction parameters
inversion based on D-InSAR LOS deformation[ ] ].
Journal of China University of Mining &
Technology.2017.,46(5):1159-1165.

[12] HE Liming, WU Lixin, LIU Shanjun, et al. Mapping
two-dimensional deformation field time-series of large
slope by coupling D-InNSAR-SBAS with MAI-SBAS
[J]. RemoteSensing,2015,7(9) :12440-12458.

[13] CARNEC C, MASSONNET D, KING C. Two



[14]

examples of the use of SAR interferometry on
extent [ ] ].

23 (24):

spatial

1996,

displacement fields of small

Geophysical Research Letters,

3579-3582.

REE PR G InSAR B X 3R = 48848 i
W55 3 A 5 dE R L], D 4 24 4, 2019, 48 (2)
135-144.

ZHU Jianjun, YANG Zefa, LI Zhiwei. Recent
progress in retrieving and predicting mining-induced
3D displacements using InNSAR[J]. Acta Geodaetica et

Cartographica Sinica,2019,48(2) :135-144.

[15]

[16]

GABRIEL A K.GOLDSTEIN R M,ZEBKER H A.
Mapping small elevation changes over large areas:
differential radar interferometry [ J ]. Journal of
Geophysical Research,1989,94(B7):9183-9191.
Rl k& AR, 45 3 F D-InSAR # R fK
i, Verhulst BB 5 X YL W 0 5 0T . &8 9
111,2015(3) : 143-147.

YANG Junkai, FAN Hongdong, ZHAO Weiying,
et al. Monitoring and prediction of mining subsidence

based on D-InSAR and gray Verhulst model[ J]. Metal
Mine,2015(3) :143-147.



