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Mine flood perception based on gray level co-occurrence matrix and regression analysis

CAO Yuchao
(School of Mechanical Electronic and Information Engineering, China University of

Mining and Technology(Beijing), Beijing 100083, China)

Abstract: Aiming at problems of low recognition rate and poor stability and timeliness when image
recognition was used in mine flood perception, a mine flood perception method based on gray level co-
occurrence matrix and regression analysis was proposed. Gray co-occurrence matrix of sample image is
calculated, and contrast, dissimilarity, homogeneity, entropy, correlation and energy of the gray co-
occurrence matrix are extracted as eigenvalues to form eigenvectors. The classifier is determined based on
the sum of the minimum distance from the eigenvector of the sample image to nonlinear regression
equation, and flood is identified by the classifier. The experimental results show that recognition rate of
the method on data set composed of anthracite, sandstone and surging water is 96.33% for image with
resolution of 256 X256, and average time-consuming of single image is 16.288 5 ms.

Key words: mine flood; flood perception; image recognition; gray level co-occurrence matrix;

nonlinear regression

P 3 i BRI R K R BAT AR | 2 A R
R SRR A BORBZ B AT . SCRRET 3 i ok
A RGBT K AL 5 BB 7E i 7K 3k 3] —

0 3

ill}

KR TR I 22— o KRR T SR

JHIZK SC Ak FLE Y L A= e K e LR g
NG EN eI S NSRS T R B e o & T Y
TR El o) R LN, R i I KA
S 0 R g M v BEL 3R M 0 A6 A RS R vk R T
2 fiph QI 4 AR IR OU T 2 5 52 BURR R W R E

Wi B #1:2020-08-17 ;48 [0 B #1:2020-08-31; RIEMmE K .
EEWAE W Z G0 R 8B H (2016 YFC0801800) .

SE TR IR A RRIRUK I I v B 2% . SCHRE8 T4 Hh
BT MR AR Z K Ge i B9 K KR T7 35 X 5
K B BEAT W L B8 S K IR R AL 5 2 B
KT GBI - AT 622 o IR PR 8 K e A1 A2 72
B2, SCHRLO T4 2 7 [ s BARRAE A9 B K 5

EERE N - B985 —), L IEE A L LTS A EZWFR 7 I A HLAR LS8 AT % 42 T 3% . E-mail: yuchaocao@163. com,
SIAE N M. JE T SR AR 5 R 3 A A K O LT ] T A 4k .2020.46(9) : 94-97.

CAO Yuchao. Mine flood perception based on gray level co-occurrence matrix and regression analysis[ ] ]. Industry and Mine

Automation,2020,46(9) .94-97.



2020 £ % 9

BER AT RELEAEELELE GESWGT FKR KL . 05 .

JEOATT 15 L BRI T Ol IR R A Ok B NS E T L (H
PITIERE B U RELR . T A SR T
— ol 5 R B A R B 5 [0 A 23 BT B KRR
7 ¥ T R S A W R OO K R R
SCPURFAE o 38 5 1] 092 B ek S K CBE L A TR AR
119328 TR 3B K K

1 FHiRFRE

1.1 REEAELER
JRBE S A B T R R s BEAE B A AR

W B R A B R NN AR B S A g
MR oT R A

NXN | f(x.y) =i, f(x+dr,y+dy) = j}
(1

K (o, ) WEF A (ot de,yHdy) B
f(x.y) =i RANSFHHWIKEME R 5 f(atde, y+
dy) =; FR A w0 K BEAE R 50 R M B a5 1Y I
B8 5 50 Ry O B8 o 00 O RS A1 2

B R B8 AR B R X L
P A AR DG R BE R R IR

(1) X Fb B« B e 5 S0 389 80 TR 3 78 B
OAT o X L B K, 3 P TR 0 B ) AR S A 9 K
SRR T BT 5 6T bR R /)N L 2 B R BB Y SRR L
R AR . X R SRR O

= D) G p (80 (2)

i=0 j=0

Ao L o IR BE 288
(2) ZE504 SRR Jay R 6F L BE AR 1 2
Joi T b JEE 9 DR I s 22 S 9 O JR X G O

ESE L FIR

i 22 SRR/ . 2 bR AU
L—1 L—1
w2y = 22— ) piaj 8 (3

i=0 j=0

(3) FFURME « o e [ 5 Jay 1 o B ) 49 50 78 A
JE o PRS0 S B B4 0 A A I s R A A R ) AR
W R AR L SRR ;s KBRS AN 2]
AR K E AR P 1 RH 2B TT B AR AR BPR  SF U
BN FrkpERIE Ay

L—1 L—1

22?(19]98 7))

xy = =2 =0 (4)

1+ G—j?

(4) 0 - B PR AL 35 5 B A . R, R W]
P8 55 1) B AR A 5 0/ 3R W PR B b 35 1)
588 L% N E SN

= > > pGsjsdDlog plisj.6,0)  (5)

i=0 j=0

(5) A o ke P 8 v Jmy i 0K R AR O A 38 4
R JEE I A JE R A OC 3R AE AT 5B 7 1) L AR . K
JBE e A A 119 70 3R (EL R 2280/ L R S PR AR s K 2 3
A A A 0 3R R 258K R OGP BN . A SRR

ZZZ]])(Z,]ya 9 — y23y7%]

Xs 20 0 (6)
6162

L—1 L—1 L—1 L—1
:EEEP: 23— ZZZP(Z9]’89€)9IL¢Z = 22] X
i—0 j—0 i=0 j=0
L—1 L—1

DI TG =) p(iaj6.0) 500 =

i=0 j=0

P(i,j,a,ﬁ);oq -

L—1 L—1

DIDG =) P80

i=0 j=0

(6) AEHE: S Bk EBOK BE 7> A ) R . B R
RE/\?Eﬂ%EP,ﬁEEf@ﬁ;I’EH%RT;%?E%_&}%I,
REE MU BB R IAAN

= Slip?(i,j,a,e) (D
1.2 &y j
FEXT L o 22T a0 SRR 2 2 AR
PE x5 RS o ZHBURRAE 1) & S0 R AE R AE 1]
AR Y 25 E]) XA M — SRR AR AR AR L 1]
GO R AR ST 50 8.

Ek $(x,) +b=0 €))

Xk, jvﬂi $ (e, ) AR A 25 0] X e S ) i 4
236 Z WK R R 0 U
o 22 ] H AR IR B O R

2, = $(x,) (9
=, e 2 23 B A 1) 20 4
)”'HEE?’E [ 14l 4k 1] 09 05 78 (2K (8)) ] #%

]

6
Dbz, b =0 (10

TR A A 5 5 KRR A 4 TP A B R B R AR
fi) i B AE LA W 7 BRI R B d, (0=1,2.33u=
1,250, My s M, R EERREAR SR P AEAR R , & FEA
A REAS A R AIE 1] S8 3 A 2R 0] 09 5 R A fe /D B
N

d, = min(dy +dy s sdw ) (1D
N BN GIE W b, F O 755 FEA S R A
AR5 Ik 1 B 3 R 2P 8] 05 5 AR B0 AR /D B RS 2 A

D= Zd kB B A I B A5 B 43 2 28 L 8
*%?ZIKF%@E’J%N%[EJE%’W\%%%%,Eﬂﬂiﬁ%ﬂﬁéiﬁ@ko



. 96 o 5 B

% 46 %

J> 0 HAHTEERG
=0 EEAG (12)
ZE 7K

6
E :kz +0b
m=1

1< 0
2 XWH

Ry B UE AR SC T ¥ A R ff A Intel Core 15,
WA% CPU i 1.8 GHz N 7F 8 GB.64 fiffE &
ST B ALIEAT 28 . Sk O R R UL A9 TE
MDA 45 250 SRIEMGAE B REAR , JF 5 250 5K 58 T
K R A ORCHE 4 o R 53 HE R 256 X256,

2.1 4#iefh

ARFREAR FUR SRR I 1 B .l & 1 28T
KX L B 25 S S UK AR AE (5 T R R R A
BEARAL AL L AH DG L RE B R AE (5 BD A BB L A
R FH 30 3 R 0 (L AR X 28 T 7K A A2 2% 1) 4525 5 S5 v
P, 25 A R FHX F B 22 S0 57 M I LA G
oof A

— WK

H—{bE
=]

T T 1T T T T 1

0 1 1 1 1 J
HE ZRE FRE OB MR &gE
BI1 A [l A [ AR AR AT

Fig. 1 Image eigenvalues of different samples

P BB 5 R AR T A BRI 2 T 7K 0 SORRARRAE
2.2 RAF

TR [7) 55 96 B8 0 45 47 SCHRL9 J 0 i i i) 3
R 81.97 %0 A ST U SR B AR R L Ol 96,3300,
XA BT AR T SCR L9 1 0 1 v SRS 52 /0N B i a2
e, K PE A B X T a0 BRASEAE () B BURE J1 8558 L fig
N2 A Y B Xk S0 B VAR B R AR 2 AT Bl R, AR TR
G3AEISR BT A 43 A7 F 52 4 1Y) 22 4 B2 ) i 7 P IR =5
] AT R R A TR — 1 Gt AR B
R4 () Al X 31
2.3 #Eut

AR ST VA FEIT p K R AR B B ) 5 R
A ) ZEL R . 25 R UL 3R 1. W B ok IAGOR B 3k A
S e S FERT K 16. 145 6 ms, R 5 E S FERT
0.142 9 ms, K L HEFHFER K 16. 288 5 ms,

SCHERL9 105 ¥ - S4BT Oy 81. 933 4 ms, ATy
SR I IR FERT 45 56 T 65. 644 9 ms, X & H
TSR L9 77 1% R AT BUR & /N 22 953 i i
TS RUEE T FR AT B0 T 55 4% Ty 1) A 0 U R B WU
SN 22 G o7 Y R — R R B AT — o R Y
Bt bAoA B T R Y R AT ERAE L FE IR AR S
T3 I B 8 e Az 6 I 0 A7 S0 BHURR AIE 4 RO X AN
[F) 8 4 B R mT R A7 T AT H 5 & IR AT i B A 2 1)
FETCARH O 2 5 BT LARE I K K> .

F 1 BT A A R R 5 [T 23 BT B K TR 5 1k AR

Table 1 Time-consuming of mine flood perception method based on gray level co-occurrence

matrix and regression analysis ms
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