944 % 511 T 5 8 % i Vol. 44 No. 11
2018 4F 11 JJ Industry and Mine Automation Nov. 2018

XEHS:1671-251X(2018)11-0007-07 DOI:10. 13272/j. issn. 1671-251x. 2018090031

A2t BEEERAARESEIRRNKFED

A, Fdk
CEBPRT K2 R 5E B TR, %80 R 23200D)

WEASAART ZAREFRELREL AR AAA LR ELRRI A S BE LKL R
SH G R E R R ERZHE AR T A TR A RAY 2 M % (CNN) A= 8L Lk (ACO) 8
VH ZATREREEARESFEARIFTLAAL. ZAARAMAT ONN o4 a3ESUREHRA A A CNN
Fok I Be kAR SR A9 A 5L R 4R B i mk R R BEB) AR A 4k IE L MRk T AR GE LW R 4L IE B4R R
B R A AT ACO % B k44 83 ACO F ik fi Bk v & ik 09 7 X AFIT & 90 E 4 & 44,
FRTHAEROZRELEOGFELT, FRESALRAN . ZAATENS BEHELALANLIHES
B BB RECNFRET REF AR BB ERIE KBEATEG ST T RS HTRER
FCR DR e B bR

FERW T A BEHS; EA SN ELTRRE; ELE

E,l\

ek, $BBIEMAEER; ARAZ

M % s BB Ik
kS . TD76 SCHRAR &8 - A

M &% R Mk s http: //kns. enki. net/kems/detail/32. 1627. TP. 20181025. 1651. 002. html
Intelligent semantic acquisition and smart decision support system of coal mine safety hazards

CHEN Zihua, LI Jingzhao
(School of Electrical and Information Engineering, Anhui University of Science and Technology,

Huainan 232001, China)

Abstract: In view of problems of lacking intelligent semantic extraction function and multi-attribute
interconnection retrieval analysis and decision function, and low intelligence degree in existing intelligent
semantic acquisition and decision system of coal mine safety hazards, a kind of intelligent semantic
acquisition and smart decision support system of coal mine safety hazards based on improved convolutional
neural network (CNN) and ant colony optimization (ACO) was designed. The system adopts CNN-based
intelligent semantic acquisition model, and uses CNN algorithm to match the close semantic keywords with
the highest similarity, and uses mapping table to concern the standard keywords, so as to solve problem of
low matching accuracy of semantic keywords. The system adopts ACO-based intelligent retrieval model,
and uses negative feedback and positive reinforcement method of ACO algorithm to mark high-frequency
retrieval rules, so as to realize intelligent display of high-frequency retrieval rules. The experiment and

application results show that the system can realize functions such as interconnection query of multi-
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attribute semantic keywords, intelligent display of high-frequency retrieval rules, real-time tracking of data

related to hidden danger, and diversified display of data charts, intelligent generation of decision analysis

and early warning reports.

Key words: coal mine safety;

hazard indentification;

semantic analysis; intelligent semantic

acquisition; intelligent semantic retrieval; multi-attribute interconnection retrieval; convolutional neural

network; ant colony optimization
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smart decision support system of coal mine safety hazards



2018 4% 11 9

MR BT AR B RE LR

552 rRIBARAA c 9 .

i

1.1 ##EEEREE

B R )2 & e N R ae s URESH
B TR SRR R GO R A 8O DR Ak ) B A A
AEAE B0 Fr v FHE e T, I 57 OC B R SCRR Bl £ A
J s DA B 5 2 A 18 A A 3R B, SR T 3l 25 0
s £ e X f O E e 98 e B Bk AE
(Dropdownlist) s LAt 42 N 51 6 5 5 1 2508 s A
SEHEJE A EER AR T SR B S O B 1) b o B
RIS GE — 1 B e b oG B R 1 R s B 2L R
ST WS FRORE 2 A B PR OGO . R — 2 T
BERUMAE 5 . B R 2S5 Nl 2 s,

ANLFEAN
|ﬁ%ﬂ%ﬁﬁ@¥¢) IR S AR e

CIDIECEHREC H
2

BT R )
T AR

Kb R

M2 BinRERGH

Fig. 2 Structure of data acquisition layer
1.2 BAMBREE
BRI 22 RGO i HEH g | Bt
oy 8 R A A R ARG R A A L A R A
Bet AR ) 8 Y 5 VAR T BT 3 PR .

p— BARAR
DD—&E:LC)
[ et | [ |
[ ] (o] ||| g™

&3 B R R 454
Fig.3 Structure of model description layer

Yy AR TR J2 48 AH T T SCOC B TR P+ 1l i 0 S 3R]
B P 200 SRV 5 b o DG B TR B0 R 2 2
XF—BRES R BRI R 4 BB R R
HRGHEIR TR, IG#HE CNN 53k 5 ACO
Bk Aenl. LU ARG LTI RE. DI E R
— A T 1] 0 R A A R A TSR I L LR A 46
IO SSE VAN B & [N A7 e NS ST RO S8
L3 MAEK%E

W G R )2 S e R A A R S22 A N7 A AL 3 ) 3
M2 42 R B AR B 2R A A G T SOIR 55 4% 4G
FIa B — Bt ) N AR RS B BN TETT 5 R SE
AN SO o sl ey D 8 NN R 7 R R B Y )
b B e S5 A0 A 7 OC B RD L ) AR G R RE SR AR AR AU 4

PR ok B A o DG TR AT 8 4 A% B )RS 1 A D L A
B EORG 00 R 2R 45 L 5 W] B U ) A Bl iR 55 4 b
Session, il i 3 F ACO )57 25 K & L 7Y 3K B F] A
o7 A R AR 1 1 22 4 2 ) L O 38 F it O Ok
LA S HEAT I B AR TR OT R ok 5 T AEA
AT T —RGE AR A ER IR
TAERMES %, WERRZEWIE 4 PR,

s 4
KA 1 XA i !
1 1
1 1
ET LB BN
JE BFRMEREIAR R @ @ @
B v o
S RN
&)
WERSE H A H i %5 4% Session
==
HERRER

K4 JERRZEH
Fig. 4 Structure of frequency retrieval layer

1.4 HEREE

B RN S W 0 e — B ) R E B 2
o R EL IR A 2R A S R HEAT GE s LD Y IE X
PEAT 70 Hr o AT SE L SR Th e . 2 2 A
BUAE R GRS 2R T e P 2 Jm R B AR SRS
B G IEAT B R B AR AR L O S I B R B L e S
I8 T 22 T 1 B I AG R A0 Bl T S A5 I (E
A 2 48 v X3 — M B i L™ o s A8 Y B D) DR 456
THIZ B ) B 22 42 A8 A0 17 0 1) P 8080 ke 3R 42
TR 75 20T 5 B30 v 3 e T B L 3h 2 Sk
TR 22 4 e B 1) 78 Al 35 W) i J5 & R 4808 i
R R P AR R A A 2 o SR 0 A 1T 4 R BE 0 A
TR 2 28 22 A I BB I J8 %) ¢ A 1 00 o LR i 5 435 it
LIy B0 ool /b B 2 2 A s R AR . R
SRS 5 iR .
N st <

l%@@g
L
[T

BAmvSRGHE B
¥R

K5 BERKZEN

Fig.5 Structure of smart decision layer



. 10 - I a3

2018 % 44 %

2 ETONNHEHREBXREREGE

FeF CNN B3 6815 R S50 A0 (1% #4 22 3 72 4
P 6 T IR o B Sl A 7 VT JE AR B L 0 o ) R OR
OB A Y 6 B TR 5 T SR JE v ) 6 TR A
TN AR B O A 12 B g E 0 FH A R AR AL
PO Ok SCIA] 5 18] 22 8] B AR AR 5 SR 5K A
1) & 1) 5 45 i T R T S 1) 11 45 T 47 A 2 A
— Y BT A R 2 s A
CNN 17 845, 765 FUZ 50T 6 B R 17 RR A $2 5L
A FEE A R 2 Kk o uk 2 (filter) . 138 1 1 Ak )2
HEATRAE L H ] Max Pooling B 7 247 4 . i
W PRECEAT AL B B S 3 T 2 A S B2 R
U2 6 4 1 2 T2 ) R D 45 4 B B0 3
HepE Ry n X1 MR, (P, , P,y P Hitp PRy
VT O EE A5 3 de 2 B A OB 1) RN 3 SRR I G B 1) 1)
AEARLEE » BUESe A BL A — 2R E 4 7 L 558, 75 2 o 250 30 22

R X N s v SR A ]
I_n_/l: E__l___:___ :___:I_ ________ I
:ﬁlter: . : !
i . iR [~ Q -
\ in : i|:{> ) —) i
i e ol %
| 0
I ' | 1
IR (Featwe Map), 2 EA
WAE  BEUR WAL SRR WHE

Bl 6 HeTF CNN 9% AR SR A A8 T Ay 2t 5 e
Fig. 6 Building process of intelligent semantic

acquisition model based on CNN

CNN BB E .

(1) A A OB ) 28 30 F D) e b 3 5 1 ) o A
PR a2 Cay s ay s ooe s 2, 30 50 B ) 22 3 10 ) 22
(Ruler) 4b B 5 (9 0] AR AR A v (oo o s oe s ) 5 MU
A EAE A G=1.2, ) A (D ER,

A= Zu,y,)/ /Zx?\/ﬂ (D
i=1 i=1 i=1

FLIN P - X BT S AT B R 0 OC B 1e) 5 A
I S B R T ASUAEL A 2 — % — AR LB G R L DAk s
e AFEAE i b . an™ 7 RV TR T AUE
0. 75 2F” 5 87 B AH T, W T ALMH 0. 6“7 5K
— LT AUE 0.9 4%,

(2) AR (D 43 0 v 58 s Jr A G Bt 1) % 1 7Y
AEEARRUE cos@, HEA7 VEEL AR B, & 7 s .

Xof DG E R B 1) %A1 s AT g s ) @, R ]
GRS T 4758 5 BN ER s X filter 195 AL E AT
B s o, Rn 8 i 4750 7 SIVALE , T A 10w,
LT 3 X3 B o, AR EME &, AL o, =
0.m.nK 1w & . H x, & &~ Feature Map

VG P %6 [
Fig. 7 Matching matrix

ATV IR R S RN B R B R
w2 R,

m n
Qi,j — f( 2 Zwi.jf/\<i+m,j+u) + w/,) (2)

m=0 n=0

WIERL (2, REEE B EHEHZE Feature Map(X)
T A LR

(3) ¥ 3R LB 1Y Feature Map (X) #17 fie Kt
b H A A

f(x) = max(X.,0) (3)

(4) A 307 Ab B8 Ak 2 B b 9 45
E R EEZZENm AR I8 XX . X, X, )0k
FERERE XL 4 Ry el sron s srn b EE AT
Z)JZ GRS, A TR P W .

P, Xlrl.,la Xlrz,la ey Xoraa
P, Xorias Xoraas 0 Xora
.| = . . . D
P, X,rias Xui’z,l ’ oy Xoraa

(5) REUR RIULEE Max(P){i=1,2,,n},
3 EFACOWEERZRERME

T ACO & 2k R A Z5 0 tn K] 8 fros,
s REUNE 9 s . w0 LR ARIR S I, B0 P2 b
B REFOPRC S EANRKERE —&L4E
90 5E LI, RG4S A B 4 X Ak w4 Ak G in— A
fFRFE, i ACO Bk, MBI 5 &, B4
Ji— R KRG M A IR T 4 R IL RS
[ia] T~ 55 51 ) Ao A 2 2 4 2% B IO A T R Y
ST S B 2 INFant i 45 8 F— Bk 8

ok R YT A AR R FEREER
e LR
. -~ R
O, /. OF¥a —-—~ e
(@) O —0
@ . O - O
TN NS 2w

S INF-ant %

B8 HT ACO M5 Z R R 45
Fig. 8 Structure of intelligent retrieval model based ACO



2018 4% 11 9

GRHEAEE BT AR EE

RIBEXARELEHERARIF AR < 11 -

ZMCR R

R AR IR
(s 3i

INF-ant R #7

RGeSk
SR R T LR

R R A& 1
HH AR

v
LR R )

RN
9 T ACO R B 2R 1 i
Fig. 9 Building process of intelligent retrieval
model based on ACO

PR 7~ A5 A 5 B A A 2R U OB A 1 24 i 7
S PR SRR R BHE B R i R LA . R4
Sext AR R AR R I Y AU AR R AT O 1 s, S
PIE R A5t e 245 BUME B R 4 Jm i ik 1Y Bt A B R 1
B AT G 2R 45 L i i Session il ® BNR 5 #% . 5
I 7R B AT & GO A A N DS IR 3 I [R] I
NGRS R

ACO 53530 3 A BB 1 s & BB B S 1]
PRI [ B I 1) s B B

(D 5 Uk BB ic Bl R B G R
TS, D) LR LGSR S{S,S, .S, ) T K
BN DI dy s od, G H—FREGEEE,
M, F k3R 2% B BUEE My 2510 4% ) 8odhs S A
MRAEBEITHEAL T,

G=M,/M (5)

B K R B L BT 99 s AR BE N Ay
G2 B B ARG ECE A N, WZ 2% % 42 45 0 Bl 1 &
R 35 2 Ky

SR

Q= l,h,/N (6)
A YR R A0 R L — R AR R AT
RO WIBREE by hy
hy = h, +1 )
(2) B 1] B0 B B« 45 719 a5 1) {0 2R )
HEACHEH B INF-ant {5 B . 4548 2 3K Tabu, (k=
1o2ysm) FH 05 Y00 719 45 & T4 D5 15 A5
B Q. 15 30 (8) W B — A1 s &/ 4L % 78 J& 3
Q (EEAM IR PEAE Luk, vk, s k) H

k= PR s
k)] QAR A
(8)
(3) 1 [ Jin a8 By B - 0 S B2 0 ) INF-ant
FE BT Y HT R 5 AR B R R R B AR
KO AT,
ry (4 A1) = pox 7 (8) + pAF™ (1) (9)
A eoy A A0 Jg ST HS E] 80T ALk B k) BEARAE
BFRIE o) (O R Z AT ] A5 R e oh
W MAE BRI AP () K S ] Bk
= EER R, A (1) =highest [ AL (1) ], AL () KT
MR B R A
GAEZIBGEREBRE RONELRRAFER
3 AN T DUJ R B A B I AR B s R o, BB
W

[l
max[Lu(kl 7k2 [

6,‘,1 - T;j(t+Af)QG (10)
() BE2) (DB HEFEM 4,4
J[ =78

4 XBWHAWENA

H T BAEEE T o i CNN FI ACO [ HER™ 22 4
P B AR ORI SR B R LR R G T
ERER LY AT T E ., LR R
20 000 454020 10 A HEFTSC50, F 4L 2 000 55, HF
FE T CNN Bk 1 8 fig R S A5 AU | AH 0L G 5 5 DT e
ARSI J BT E R T OB 56 R BRI R
IR N 20 A R A5 2 A I SR IR 41 A
F, AT R B X L 56 UE RS R M S T AR
B[] X B 25 SR UL 3R 15 3 o 430 32 A A [ ) () PN NS A
B A P& F-score (HECE X Hb a5 R MLk 2, H .
TEB 26 = TE Ak 2 320 1) 250/ S PRk R B0 55880 1
MR = IF ) £ & 2 09 5% 80/ 8 & 45 5 Frscore =
(2 X HERR R X MR / (fEff 2+ 3 1] ),
21 [ E BCYE R RO 0 ST R B[R] S 56X L 4
Table 1

accuracy and consumption time of fixed data volume

Experimental comparison results of retrieval

TR P

wﬂ ﬁ:
# = =% /b

BB SRR ik CNN &3 92 3.5

“TTEE R T SUAL
AR IR 1

A AL G i 5 DT g A6 7Y

TR LAY
Kl = DG g B vk 80 7.4

it 1R L S AT LA L R TR SOR SR
5 R SR R U AR ) B I [ 45 R 4 O I o
I 2 Xt D H A ke T SC B AR BB SR BUTT T Y )R



.12 . I B3

2018 % 44 %

222 MATRI R [R] P9ORS B9 B L 43 [l 2R F-score {5256 X b 25 5

Table 2 Experimental comparison results of accuracy, recall rate, F-score value in the same time

ik R A ijzzz ‘;zzz WHE/ % REE/Y% F-score /%
Pk CNN &y 1 300 1 200 1108 92.4 85.3 88.9
CTTEE R E YA O R A 1 000 860 710 82.5 71.0 76.1
AL G e = DL il B 3% 870 500 387 77.3 44.5 56.7

BELPE | ) A Iy 361 7 % A 2% 4% 19100 ff 8 A X A 8 7Y
m) 0 3 A B Al % A B R U BB R
N H

N 2 AT L AE A [ B 1) PN L R A S e ok
CNN BE LR B L AL T T 4540 18 SORCHE 56 &
SR RAR LG B DR BC B8 3 X 28 B M FR b F-
score {H AJ Al AR BRI 0 0lh %2 4 U HEA 1 X
A3 AT B IS SR AR T LA 5K o RS A

FE MG 2R % A R T 22 4 B R HE A O 5 UR
R RN T RE N T8 N T35 i o X,
g R E M RGBSR Z . N T R % st s
GG O BUE AT 2L RO B AT B e b B B H %
RG )G BT HAE R BERAE LA B b VB B PR
Uifig s KR T A - R0% .

(1) i FH1%EF CNN B B8 i X2 B DL 40
K B4 BT 77 1k A DRHCR AR B HE A Y B R AR

(2) %R 4 20 A B B B00E L AR U6 OB R EE L M
RSO0, A ShilE AT A oo s 4R T BRI
Jof FH 2

(3) iE it 2 J@ Pk B K 2, AT S ) R R HE A )
(1) 4 4= B B DI D0 o X 8 8 i D 1 o A )
F G0 A ST RE X G B . R B A 2 HE A 5K
st FHEE R UM R, RE S RE R X T
22 WA B A B O 1) 8, 3R G2 s iR AT R AR TR, I 1)
WS B Kk, %R 2018 4E 1 AT IR
RZRG .16 AZERATIEN 1§ 12-2 SHZ
301 FEXA 2 07 4 B AR A X oK A e B A B d
Srolan e 10 AE 11 s, R 10 FE 1L AR
AR 12 F 025 28 AR A B A8 ) A L ™
36 J1, 25 A Kb P e R A 2 3 U A, AT
A>T R KA .

5 &iE

R 22 4 R B TR SCR AR 58 BRI &
el At (9 CNIN B3k o AR 55 A K8l 12 b LA
LR B RIALLBE S A 1 2 e B A T ) S5 B 1

Rt/ 4%

1A 2A 3A 4H sH 6A
R

B 10 18 12-2 B4 )2 301 45 K A& i He e B 50 s
Fig. 10 Unresolved hidden danger data in 12-2 coal
seam-301 district of No. 1 Coal Mine

18 28 34 4H sSH 6H
Aty

20 4 SRR AR DOR i e B B AR S
Unresolved hidden danger data in No. 4 coal

11
Fig. 11
seam-east district of No. 2 Coal Mine
5 o G R KA I DL 22 0 — 7 S A e TAH
AT T S S Bt 1) T PCORS JRE AN e 1 ) A5 P ek
ACO S AR, S T WA 2R A o AL 3E 2% 107 #)
BRERA . ZARG 0] LI LR Pl o8 A 1 B
AR I LR R A AR A 1] ) AE S AR TR A S %
i B S R R RO e IR R 2 B4R S L R SR T 4R
AR RE A A T RE - il R 1T O B ) T SR BURE R 8K
FRAT KA 2R 4% 191 YR Affy £ AL X AN g 1) ) R, 52 36 55
S RAEN] T iX R Gl SEE .

% % Tk (References) :

(1] ZRAhst 67 2 A R R B2 R 20 K 3k 7 A .



2018 4% 11 9

GHEEE BT AR E

323

REBEBARELEFEERIFAL .

13 -

[2]

[3]

[4]

[5]

L6]

L7]

[8]

L9]

R A .2013(12) :104-105.

LI Shigiong. Mine safety hazard data mining model
and algorithm analysis [ J ]. Coal Technology, 2013
(12):104-105.

X X AR 2 A W R G A A
Mrge & BT T8 [ 34k ,2017,43(3)  74-77.

LIU Chuan’an, LIU Jian, DU Yongzheng. Design of
convenient inspection and analysis equipment for coal
mine safety monitoring and control system [ J ].
Industry and Mine Automation,2017,43(3) :74-77.
Bk, — AR 2 E R g i T A
1k ,2017,43(2) :19-23.

WEI Feng. Design of a digital coal mine safety
monitoring and control system[]]. Industry and Mine
Automation,2017,43(2) :19-23.

OH Y R, JEON H B, SONG H ], et al. A deep-
learning based native-language classification by using
a latent semantic analysis for the NLI shared task
[C]//The Workshop on Innovative Use of NLP for
Building Educational Applications,2017:413-422,
ZHAO B, FENG J, WU X, et al. A survey on deep
learning-based fine-grained object classification and
semantic segmentation [ J |. International Journal of
Automation and Computing,2017,14(2):119-135.
VLI, T3 8 0 P, 45 BE T3 SUAT AT I PE AR X
G 1 AR XA LT )L R AL AR R 2017, 40 (3)
617-633.

JIANG Tengjiao, WAN Changxuan, LIU Dexi, et al.
Extracting traget-opinion pairs based on semantic
analysis[ ] ]. Chinese Journal of Computers, 2017,
40(3):617-633.

BV T RS T ARIBESRRNEGS
AL AR LT TS ML R G T . 2017, 26 (6)
170-175.

XU Haoguang, WANG Ning, LIU Jiaming, et al.
Comprehensive computation algorithm of similarity
language retrieval [ J ]. Computer
Systems & Applications,2017,26(6):170-175.
FOOH AR R IMECDK AL — OB I TR B
IR RER AP IR S RFE BRI IREITRYS
Bl22,2017,39(7) :1249-1256.

JIANG Wenchao, LIN Dexi, SUN Aobing, et al. A

for natural

novel big data order-preserving matching algorithm
based similarity  filtration [ ] J.
Engineering and Science. 2017,39(7) :1249-1256.

HEO G, JEON J. A study on the data compression

on Computer

(10]

[11]

[12]

[13]

[14]

[15]

[16]

technology-based intelligent data acquisition (IDAQ)

system for structural health monitoring of civil
structures[ ] ]. Sensors,2017,17(7) :1620.

VIANA P, SATO L. A proposal for a reference
architecture for long-term archiving, preservation,and

retrieval of big data [ C]//IEEE 13th International

Conference on Trust, Security and Privacy in
Computing and Communications, Beijing, 2014.
622-629.

O EE L BROK M, BB L B — 3 TR L Web RS 1)
VCm kBT L] SRR 5 R R, 2011, 21(2)
136-139.

LUO Qin, ZHANG Yongsheng, NIE Xuewu, et al.
Research of matching algorithm based on semantic
Web LJ1.
Development,2011,21(2) :136-139.
TR W] AR I BT SRS T AR 4 S
1 R SO AR AR LB T i g LD . i S ML L B O
2012,29(3) :833-836.

HUA Xiuli,ZHU Qiaoming. LI Peifeng. Chinese text

services Computer Technology and

similarity method research by combining semantic
analysis with statistics [ J]. Application Research of
Computers,2012,29(3) :833-836.

M/l B 2 40 e i AL I B AL RE LT ], T
" H3sh1k,2010,36(12) :5-7.

CHEN Xiaolin. Research of quantization management
informatization of hidden danger of coal mine[]].
Industry and Mine Automation,2010,36(12) :5-7.
TR BT AR L H A G R AE 1 B 2 92 R R
AT ] R T 5 IR 2014, 31(5) 1 159-162.
WANG  Hairong. Database entity recognition
intelligent semantic query based on autocorrelation
characteristics [ ] ]. Microelectronics & Computer,
2014,31(5):159-162.

B SR OB SR AR SR R B ST L
M58 NL.2012,29(3) : 31-34.

LYU Yan. Research of text clustering based on
LJ
Microelectronics & Computer,2012,29(3):31-34.
KUMAR C S S, MOHANAPRIYA M,

KALAIARASAN C. A new approach for information

improved ant colony algorithm

retrieval in semantic Web mining involving weighted
Conference
Information,  Embedded

(ICHHECS ), Coimbatore,

relationship [ C ]//International on

Innovations in and
Communication Systems

2017:1-4.



