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APPLICATION OF MULTI-ATTRIBUTE DECISION AND D-S EVIDENCE
THEORY TO WATER-INRUSH DECISION OF FLOOR IN MINING
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Abstract: In view of characteristics of coal mine water-inrush from floor containing a lot of uncertain factors and
time-location randomness, the multi-attribute decision-making theory in the prediction of water-inrush from floor
applied research is explored. With case statistics and expert analysis, the weights are governed to the factors which
affect water-inrush from floor. The fusion rule is established for water-inrush probability ratio, and a new method
of water-inrush probability ratio is put forward for water-inrush from floor. It provides a technique for decision-
making water-inrush from floor with water-inrush probability ratio. Based on the D-S evidence theory, the frame
of discernment including water-inrush, critical condition, no water-inrush and uncertain information, is proposed
and the water-inrush integration decision-making model is established considering aquifer water-bearing ratio,
structure ratio, water-resisting layer thickness ratio, underground water pressure ratio and underground pressure
ratio as evidences. With the practical application examples in Feicheng coal field, it shows that the degree of
confidence of water-inrush probability can be improved and indeterminacy is reduced by several times of
information fusion, and the validity and feasibility of proposed model are proved.
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Fig.1 Decision-making course
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Table 1 Decision matrix and decision result of water-inrush
from floor and decision result

AR A w S R P G E

WiEER™ 9101 TARTH 090 08 050 0.60 050 0.7950
KEHT 9204 T AR 080 06 050 0.80 040 0.6900
P 9901 T 1ETH 075 06 050 0.70 0.40 0.6600
W BHE™ 9507 T 4R 095 04 050 090 0.80 07300
[ FER - 210 dbkt 080 05 050 090 0.80 06850
K& 10204 TAET 0.90 04 080 090 085 07375
[ 5" 8010 T 4T 0.80 04 045 095 090 06575
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Fig.2 Structure of probability coefficient for water-inrush
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Table 2 Basic probability evaluation and data fusion

FHIE S 26

FEHE m(a) m(b) m(c) m(6)

gik
E; 0.400 0 0.1500 0.4000 0.050 0 e
E; 0.600 0 0.2000 0.1000 0.1000 K
Es 0.3000 0.3000 0.3000 0.1000 e
E4 0.400 0 0.1000 0.4000 0.1000 e
Es 0.400 0 0.1500 0.4500 0.0000  AZK
E1 0.681 3 0.1209 0.186 8 0.0110 e
(=P 0.678 4 0.1271 0.1919 0.002 7 e
E1234 0.734 7 0.055 5 0.209 5 0.000 3 K
E1234s 0.7410 0.0211 0.2379 0.000 0 K
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c=1- > m(AIM(E)= > m(A)m,(E)

A NE = ¢ AE; 2D

¢, =1-[0.4(0.2+0.1) + 0.15(0.6 + 0.1) + 0.4(0.6 +
0.2)]=1-0.545=0.455

¢, =2.1978

E,(a) =2.197 8x (0.4x 0.6+ 0.4x 0.1+ 0.6 x 0.05) =
2.197 8x0.31=0.6813

E,(b) =2.197 8x(0.15x 0.2+ 0.15x 0.1+ 0.2 x
0.05) = 2.197 8x0.055=0.120 9

E,(c) =2.197 8x (0.4x 0.1+ 0.4x 0.1+ 0.1x 0.05) =
2.197 8x0.085=0.186 8

E,(0) =1-E,(a)— E,(b) - E,(c) =
1-0.6813-0.120 9-0.186 8 =0.011
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Al 9901 AR k5K

1 LAl 6 A TAEHELE FIAA R 7%,
fgnlm% 4 WG, m@)BUEV it AfiE
P m(8) #T 0.

34 MELRMIN

WK 2, 3N LA H, A B — IR x5
I 22 A PE AT UG AT RE I LU ARAR, AR A T
ISR Y, T A P A R R A R 5
IR A AT YU, T DA Rk sy 5K e A 1k
(P IEARTEON 2 o ISR 2 A Ptk DR 1 S48 v mT DU
i, BERATEYE B8 m(6) B kN, 5 ANIEE i
Z 2 VKRG S m(9) e “0” , s — Tk
P AF AN B HEORFRAIG,  1d B 22 U3 A S 1) il
HIN T SR AR A E s AR 4
WEhEE “ROK” AHEER 0.741, HZEHBEEYE
(R BG I SE B s, ARG 5 RS A IR 3 B Rl
I AAE A7 SR RS A 2 0 e B S A Fy T 4P,
G E TR RKAAH BPA, T KM Ny “5%
K7, TR i T K T A o RG] 58K K
R KRe ). Ml ui il T D-S TEHE 218 H
T H SR PR A Rl A A B AT AT o [ s A 350 B
IR I 5K BUR B RIS B A IR A5 B4
e T R G HE U R AT 5K 1R P 3R

4 FROIRRERILLE S

TR B0 P i e (1) F2 6 IR AR TS
WS AT BEE RN BRI, A S T £ ) £ A 8
TS D-S UEHE BRI N R — e, IXFE
b 1 TAR RO 2 R AE TR AW 4518 1)
TEfPE. DL SR SOKMEZ A8 20E A D-S k4 3Lt
o} S FH B B A 9901 T4 T JEE AR 8 /K 451 F
T T bkl . ROKBERFRBUEAT T I RO
TREE = 0.66, L ZARAHNA A TK, H
B F P ARG K S50 1 S FE RN RSN, RITG
PR SOKMEZRFRE E MIn (5B s T D-S iF4iE
Mg, g2 EAE 3), A+ FERIES™ 9901
TAEMm “52K” () BPA Eim(a)=0.7410, “If&st
/K7 1) BPA Blm(b) =0.0211, “R5/K” (1] BPA
Bfm(c)=0.2379, “AfMfiE” 1 BPARIm(@)~0.
I RK AR A5 E = 0.66 (KFERY 1, 5 BH



o8 mi2

BBk, AF 2R D-S UEHE PSR RAR S K TR S Y

* 3731

FEA 9901 TAETHISEK ISR 0.741 0, RIZEK
MERSEECH 0.66 RSN 74.1%, AR II AT E
PESROE T A S e SEBRAEWT, RIS B A
9901 TARIRAETT K FE &4 T 347 m¥h [
BRSK, PR LS. el s, T
SOKMER TG HOE A D-S IEHEBEIE (1) 2 SR 5 K
TR, 0T B BN GO0 B AR T A AR
M RAETIKIIARAW, BAH—EmLhrfas
ROCRUN FHAE

5 & i

(1) ST IR R AR KN mE A B
Ay EVEE R RN IR AL R BURE B RS
BARMIEAIE H 28 H AR SR T BB B 582
e FOBIRR o« 1A B BN B T
TR 757 23 2 TR B e SREA A — Tl 4l 18
.

(2) SEERUER], RV RIKMER S HOL R BT
Mo TN ST RS 5 o KB SOK, EANRE
gyl PRI (S . AT 2 RS D-S
Uk HE e A IR AR SR PR SRR, A A 45 th
SRR, 1 FLAENS 25 OO AR I 5, 1K
HUOA DR GO SN T AR -

(3) BN HUERT, ZUERAR 2 RES, fE
UG 3R R R I AT BRI AEE, RIS
T2 JE PSR D-S UE4E B iR T 1) TARTH AR 5
IK 2 Rl P RS AE AR T PR N FH A 2 A
AT, XSO R E B G BAT € 1 T
X

S &3k (References):

[ % B K& B BOKETNRAIRP] T IR
RKZEZAR, 2003, 22(5): 589 - 591.(HAN Jin, ZHU Lu, CHENG
Jiulong. Software development for forecasting inundation in the coal
mine[J]. Journal of Liaoning Technical University, 2003, 22(5):
589 - 591.(in Chinese))

[21 R, # #, K 9%, 5 HROKMEERIREOE TR 7 AR 5
K HEE K2R, 1999, 28(5): 442 - 444.(SHI Longging,
HAN Jin, SONG Yang, et al. Forecast of water inrush from mining
floor with probability indexes[J]. Journal of China University of

Mining and Technology, 1999, 28(5): 442 - 444.(in Chinese))

[81 HREMEZL. HodRmhaBie 5N ML % 762 07RO R
1, 1997.(KANG Yaohong. Data fusion theory and its applications[M].
Xi'an: Xi'an University of Electronic Science and Technology Press,
1997.(in Chinese))

[4]  XIFE, SALRD, vt Bl G HoR KN HM]. dbsg: Epi
Tk R4, 1998.(LIU Tongming, XIA Zuxun, XIE Hongcheng.
Data fusion technology and its application[M]. Beijing: National
Defense Industry Press, 1998.(in Chinese))

[6] xwel], RUIAE, EEM FET LK RGRUEYS HLIG ) AR
VEAN VR SE[D]. A B ACm AL, 2005, 22(7): 41 - 44.(LIU
Xiaoming, ZHAO Minghua, WANG Changheng. Study on evaluation
method for pavement deterioration causes based on expert system and
evidence theory[J]. Journal of Highway and Transportation Research
and Development, 2005, 22(7): 41 - 44.(in Chinese))

[6] #ha, J J5. T D-SUEH IS M ARELS LN R]. b
WA IR K 2423, 2006, 32(1): 65 - 68.(HAN Liyan, ZHOU Fang.
Knowledge fusion based on D-S evidence theory and its application[J].
Journal of Beijing University of Aeronautics and Astronautics, 2006,
32(1): 65 - 68.(in Chinese))

[71 o Bt #hLEE, B0 ST D-S IR BRI I AR AR 3k
HU[J]. BUACHLIE, 2006, (4): 22 -23.(SUN Rui, SUN Shangyuan,
GE Yunfeng. How to obtain the basic probability evaluates in D-S
theory[J]. Modern Machinery, 2006, (4): 22 - 23.(in Chinese))

[8] A f%, MER, BT AL TS LRSI
HHLEEIR, 2004, 27(2): 281 - 285.(HE Bing, HAO Aimin, ZHAO
Qinping. A decision making method based on uncertain information[J].
Chinese Journal of Computers, 2004, 27(2): 281 - 285.(in Chinese))

[91 FEk, E2%, Wkh. HbsgtAs BAHDC R fla Ui i e oy
VL[] e 254, 2005, 26(3): 338 - 342.(WANG Yongcheng, WANG
Hongfei, YANG Chengwu. Method of implementation of fusing
correlated attribute informationin target recognition[J]. Ordnance Journal,
2005, 26(3): 338 - 342.(in Chinese))

[10] & B, SKifge, FRER. HeT 2 uERm &R 0 BRI 5 ).
KR, 2005, 31(12): 22 - 24.(WU Wei, ZHANG Haibo, WANG
Daoxi. Study of flood prediction based on multi-evidential fusion
model[J]. Hydroelectric Power, 2005, 31(12): 22 - 24.(in
Chinese))

[11] XU LJ, CHENY Z, CUIPY. Improvement of D-S evidential theory
in multisensor data fusion system[C]// Proceedings of the 5th World
Congress on Intelligent Control and Automation. Hangzhou: [s.n.],
2004: 3124 -3128.

[12] W R, A5 S aa b A BEALAR B8 K e H AR IR Ay B T RIT 5



* 3732«

HAT D1 TR

2009 4F

[13]

[14]

[15]

[16]

[17]

[18]

[ 208 3C][D]. b RigAgi@ k2%, 2006.(CHEN Liangzhou.
Information fusion of random set theory and its application to target
recognition of applied research[Ph. D. Thesis][D]. Shanghai: Shanghai
Jiaotong University, 2006.(in Chinese))

AR B TS RS EOR AN S L2 I T VR R A
F 2208 3C][D]. K. KIEH T.K2%%, 2003.(LI Hongkun.
Based on information fusion technology for marine diesel engine fault
diagnosis method research and application[Ph. D. Thesis ][D]. Dalian:

Dalian University of Technology, 2003.(in Chinese))

KA e, T KR 5 2R e b P SRS R BRI 2 2 i

SC][D]. g AL g K%, 2005.ZHU Chunlong. Urban water

environmental system control decision support technology research[Ph.

D. Thesis][D]. Nanjing: Hohai University, 2005.(in Chinese))
FHSCSC. MR VB 0 B0 5 T [ 2508 SC][D]. W JREE: IR
VE T FE K2, 2001.(TIAN Jingwen. Underground reservoir simulation
and prediction[Ph. D. Thesis][D]. Harbin: Harbin Engineering University,
2001.(in Chinese))

SEANI. FE TR BE KA 78 5 R B M D SR T EE TS [ 27
e 3C][D]. AHE: b EEEHR K%, 2007.(GONG Bengang.
Based on evidence theory with incomplete information on attribute
decision making method[Ph. D. Thesis][D]. Hefei: China University of
Science and Technology, 2007.(in Chinese))

T N AR BT KRG R B ARBT ST 24
#®© X ][D). ® At JAE K%, 2002 (WANG lJian. Dam safety
monitoring expert system for integrated intelligent key technology
research[Ph. D. Thesis][D]. Nanjing: Hohai University, 2002.(in
Chinese))

gl £5 RS HORLED I XA Ge 22 VP PP IR S R T L [t

[19]

[20]

[21]

[22]

[23]

[24]

LA SC][D]. WAL VAR, 2005.(HE Jincan. Information
fusion technology in the mine ventilation system safety assessment of
the applied research[M. S. Thesis][D]. Nanjing: Hohai University,
2005.(in Chinese))

BN BRI I AR R BOR SN T S [ s 2 A7 18 SC] D).
FBM e A B LR K 2%, 2005.(L1 Xiaochun. Multi-source remote
sensing image fusion technique and application[Ph. D. Thesis][D].
Zhengzhou: Information Engineering University, 2005.(in Chinese))
HU X Z, XIE C X. Security operation center design based on D-S
evidence theory[C]// Proceedings of the 2006 IEEE International
Conference on Mechatronics and Automation. Luoyang: [s.n.], 2006:
25 -28.

JIAY Q, WANG P X, LIY. Study of manufacturing system based on
neural network multi-sensor data fusion and its application[C]//
International Conference on Robotics, Intelligent Systems and Signal
Processing Changsha, China-October. [S.1.]: [s.n.], 2003: 1 022 -
1026.

XU W, QIN Y, HUANGHOUUAN. A new method of railway
passenger flow forcasting based on spatio-temporal data ming[C]//
2004 IEEE Intelligent Transportation Systems Conference. Washington, D.
C., USA: [s.n.], 2004: 402 - 405.

LIU H, DONALD E B. A new point process transition density model
for space-time event prediction[C]// IEEE Transactions on Systems,
Man, and Cybernetics-Partc: Applications and Reviews. [S.1.]: [s.n.],
2004: 310 - 324.

SAMYS, ZHAOL, CHEWLT, etal. Forecasting association rules
using existing data sets[C]// IEEE Transactions on Knowledge and

Data Engineering. [S.l.]: [s.n.], 2003: 1448 -1 459.



