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Research on extraction method of ground fissures caused by mining through UAV

image in coal mine areas

YANG Qirangl, HU Zhenqil’z, HANJ iazhengl, YANG Kun?, FU Yaokun®

(1.School of Environment and Spatial Informatics, China University of Mining & Technology, Xuzhou 221116, China; 2. Institute of Land Reclamation and
Ecological Restoration, China University of Mining and Technology-Beijing, Beijing 100083, China)

Abstract: In order to promptly and exactly identify the mining ground fissures in coal mining areas, and avoid the secondary geological
disasters, as well as restore the land ecological environment in the coal mining areas, this study focused on the extraction method of sur-
face mining induced fissures, with the fissure development zone of coal mining face of Ningtiaota Coal Mine as the study area, which was
located in the northwest of Shenmu County, Yulin City, Shaanxi Province. Meanwhile, the smooth execution of this research was based on
low-altitude UAV remote sensing images, field surveys, and the construction of an object-oriented supervision classified model method.
The images acquisition process was shown as follows: Firstly, the candidate segmentation parameters were obtained utilizing the ESP(Es-
timation of scale parameter) optimal segmentation scale evaluation tool, and then the optimal segmentation parameters were determined
immediately combining visual interpretation, finally the image objects such as fissures and vegetation were obtained. 15 optimized feature

parameters were determined from 24 initial feature sets to construct the optimized feature set with the feature space optimization tool. On
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this basis, a variety of machine learning classifier models were combined, such as Support Vector Machine, K Nearest Neighbor, Random

Forest, Naive Bayes, etc. The experimental analysis results presented that the classification effect and accuracy of the land features were

consistent. The SVM classification method had the best overall effect, performing best in the four erroneously partitioned domains, with

the least number of misclassified small patches. The overall classification accuracy achieved 88.97%, and the Kappa coefficient attained

0.849. In addition, the F1 value of crack extraction accuracy reached 87.87%, with the Kappa coefficient amount to 0.848. The overall

classification accuracy of the four classification methods was above 80%. The optimal model method accurately extracted 10 main fis-

sures in the research area, which was more efficient than traditional manual vectorization. The surface mining fissures could be effectively

extracted by the aid of low-altitude drone remote sensing images and object-oriented methods. This research could provide technical sup-

port for the investigation and monitoring of geological disasters caused by coal mining subsidence and land ecological restoration.

Key words: coal mining ground fissures; object-oriented; UAV remote sensing; support vector machine; image extraction; UAV image
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Fig.1 General situation of study area
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Table 1 Main performance index of UAV
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Table 2 The main parameters of sensor

PERESR AR HUfE PEREFR AR e
LA 4/3%5FCMOS BIER/ AV pum 3.28
HRUGFE 208077 {5 £ B /mm 15
R RKRIIFER 5280 x 3956 AR 72
Fe B KN 17.3 mm x 13 mm

2 MIREERENTIE

B R JH I 1) Xk 52 07 1k B B 24 4 T 1) 3 R
TIE LY B G IR R EEAR BT, S T AR RS
G, F T 02 SRR A AR
RV BIARTRAPER | LT SCRFRRE, JE—2D
AR 2T AR R, B o SR R AN ST e
TR AR E AR TSR | RIS 2
Pl IR

189



2023 4F55 6 A

#EHFHAK

%51 %

21 ZREXGSE
TSR ST B T A 6 5 4328 0 ik v i DG B A
RZ—, HATESAT T BF o3 R 45 R0 i b, #64T
G AR IO REAS B A R, ZRE S
FFE R R S RN E A 2 LR AIE,
WA ZZARTTHF W AR AH OC 1Y S5 B PEFR AR AH &R 50T
Ak, I R BN T OE [R5 RS [ {8
P AGF G DT RE) L ML) 52 AG X 52, B 24 11 o3 B 245
ST S B AR AR 1 AR R B RS A R A
INE S E e

i1 eCognition developer ~F- 15 X XU 43 A e
HEAT 438, R I A S B E & EE AGE | B
RS B A 5 (Shape) A1 SO 5 5 4 K5~ (Com-
pactness) . AT WOGRAR HALL, &%, ¥ 3 MiliE,
PEAE BN 15 Rk, i SRR AR+

T EUE H 74 0.4 F1 0.6, BFFE 5 Bl ESP fe il )L
FEVTA T H P A e 5O, L T HEZ R
FE AT B R Ak A R RS [F] 43
ROEESHCT SR G2 R B 1) JRi B 77 22 (Local vari-
ance, LV), [A]i}, 5 AJR 7 227456 # (Rate of change,
ROC) Jilt K Jmy i 77 25 53 78 LAt fe 0 5] 43 I RCR A
PRME S 2R AR A 3 BRI {R A, 2% Ak 1) o33 RS
RRAe ok PRAR, pE— 203l o N T 0T B B e A5 2] d5
LA B R me o BN . @ ESP 1531k
Sy EIRE 32,52, 69(1&] 2) #EATIREG XS [, & M4 43
HRUBE Sy 32 B, 6T 9 B A R ) 4B A AR 2L 435 B
G, M4 NP 53R 22 AN TRI G 42, S e BB
ZEN TR EEE; Ay FIURER 691, [k 2448 e fs 2]
GG RIS, M HI R, 52 i4s Rd b daE
()53 A5 FARXT 85, A )T M SEGERT 10 e R4

13 ER..
12 +
11 +

7%

10 F

b
H

J5i

aefoigeesenne s lnaieanisioiatals o O S s SRS S

1 1 1
20 30 40 50

60
JJE
() FEIR A AN XS 75 0.4 A1 0.6 I, ESP T H Rt feit R

........... 2.0
.L ................. 15
—— R 7= e
~ AfLE S
QIR O GRS 5000 00c00000 000 i 10 %P(
PRI < T oo boonanttod 0.5
70 80 90

JrEIRE 32

briiig

=L =a
orik

1R 52

Sy HEIRE 69

(b) o fRe PR EL

B2 ESP & o % RE LR
Fig.2 Optimal scale parameters acquired by ESP

22 TANBEETABRRERMSETR
253 WFAN I 25 B X WA X AR AT H LA
P, VU YA M, SRR S R X Ot i 2 2
HARLH N
1) R Bl AT 5508 A R B b oy 32, L 8 5 A
XA
190

2) X HIERAR K, FEA A FIBEIR, MiASME R
BEIR, R, R S KRR, A AR K

3) IR M TR, LB, Bt bk,
T AT R TSR

4) X A iR E 22 O 33 B Y Hh e A, ZREBE DT IINAY
Y S ) T A 0, 03 6 1A 175 0™ B, B4 B X IO



ik B XTI AMUZ AR R Sh R EE S HOTIE DT

2023 455 6 1A

PR, SORURLES, 122 D38 P H 7058 B 7 A B BEER
TS K 5 BN 5, X R, SOBHLAS, M A
KA LERFNHIR, BUEFIRR L AR, $i7 5K 1Y M e 5%
T WA, SRR R AN 58 BE R/, PTG W S 02 5
TERAR L BN AR/ NI (] R

IR/ INRUBE 3 R R IX B ) 7 AR 2R 1o A 58
#, L FIRXS R AE R ST, R B AR IE SRS T
R ZE A LR, B OTFE X AT 4 28 i s |
R (EA . R ) | B CFIHER | vhya 9 235
L2 B M-S ) ROCA (Rl BESE L SRFEYT ., 38

BABEIR), BTN 3 WiR I TE AMLEZ AR 38 L7 AR X
SUBER I 26 )7 SN E AR AR R U AR
23 EEAIERE

5% SR FH T 0] X 52 04 W B 0 28 O i B i s
G AR RE B S2 FE A BB RN A AT 20, FEAR T
BA MR, A3 A e SRR S AR K SR
TEANFEAR B I BB AR IUX 7 BT, R
A1) SR 3 AT FHARE B 1R UL ) R BURE AR 1633
A, BRI REARRH WL 4, % Hod 2/3 V5 Il ZhkE
A, 173 VERBAEREATEN 73S ARG B

K3 EANZEHELABRSERR

Table 3 UAY remote sensing image classification scheme of loess gully area

%5 S SR AE LA
SUBEBUARAT i 24 S R
R A4 e K LR AT LR,
SR T OGERARME, RRBE, %i;ig?iiggiﬁ BOUE, KGOS
o5k S CUEME, xR R ﬁ£EMFﬁ’;2wm% BIFHE, REENE RS,
: SV s SO R
- SR AR R
NG S ANEUN SR, FIEIUC A s o KUGE,
‘ — T%xTﬁHﬂﬁ‘ﬁﬁH ﬁﬁ&izﬁm%%ﬁ%&m
it - ReREw, (RTINS WA SO R 2
) ! e, BRERCK, WBUBEK  HCMUAHG LU
AP, HEIG
RN BCHLELA FRIPE,
By BURERS , GOTtZs i igiﬁiiﬁgf
Z EPoY v [,
i, GEERR '
y S AR Y HAR A AR
- OGRS, R WX, RRILRCE X4 SO L R,

A, SERE(HARA AR B, XMRAEITE= RS

SRR
2o

191



2023 4F55 6 A

# £ A F H# K 551 %

R4 BUMEINEALE
Table 4 Number of samples by each category

i WZRREA R WHAREA R R
HhZdaE 238 119
Mt 234 113
Lt 388 189
Ffts 238 114

24 HEMUFIE=E

TSRS AR T FI R B Al b AT M) X5 2 45k
S BRI, WA EEI 24 MRIES &, 15615
ik, JEARFHE, SORAFAE =K, Tl H] Feature Space
Optimization FFAEIEAL T B, M ARRFIESE . it
TR [RVRAE 23 )T AR 8] ) n] 0 18 BE A S pEAN A
A [ A, R SR A FH ) TUAR, BEA 28 1Y
DX T B RV, R4 R T A A . i TRk
WU 1~24 AERFIEZS (8], 36 03 1 BT A WG RHIE S i,
Gt 1T REA I3 B R AR 25 (B 440, Anl&l 3 Fos .
UREARYERGR R 15 I, BEASET 43 8 B2 5K 3 e R fH
6.78, FA{E S i ik B A MAEARORT 15 I, 731
JEIR AT AREE E Tt EL R ITIR TR, X AR AE S it
Z, IR IR, FHES R Z [0 W] BEAFTE B 5200,
PRI RIS 15 AMRFIE S S AR AR AL RRAE SR W 5,
VERISAARRT G0 73 JMHs

(15, 6.78)

0 2 4 6 8 10 12 14 16 18 20 22 24
i
CERES Ry
Fig.3 Select optimized feature dimension
2.5 BEFIEBNE
WFFERIN K B in 4Bk . SCHfm i AL, AbER Dl

Hr. BEPLARAR 4 Tl B 27 ) 7 e EAT U 2R, ARG X
AR R I 26 TEHATRBRII 2R Z AR R IES
AT RAAE 4 LARAIE TG H 4R 4 R AE S 1 B
(EAEAH T VI L 5 0 2 dn el E0 e SR, RAFIE
PCAEAS FURFAE 4R A9 240 B i 22590 A6 A W e
R, MR 4 PR AR, IR E A S RS
LUNE

192

x5 RUFHIESE

Table 5 Optimal characteristic parameter
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Fig.5 Results of ground fissures extraction in study area
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