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Table 1 Maturity grading standards and assignment intervals of intelligent filling control system

Schematic diagram of maturity theory
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Fig.2 Evaluation process
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Table 4 Expert scoring situation

L% W 4 b

% X1 X1z X Xu X X X3 X X5 X1 X2 X3 X X X3 Xu

71 7.3 6.9 7.7 7.4 7.7 7.5 6.6 7.4 7.1 7.2 9.1 7.7 8.1 7.5 6.7 6.4

Zs 8.4 7.2 7.2 8.2 7.9 7.7 7.2 7.5 6.8 7.6 8.6 7.9 8.3 7.7 7.3 6.7

Zs 7.7 7.4 7.8 8.5 8.2 8.5 8.1 7.2 7.4 8.1 8.4 8.3 8.6 8.3 7.6 7.2

Zy 8.6 7.5 7.3 7.9 8.5 8.3 7.9 7.3 8.1 8.8 9.3 8.6 9.1 8.1 7.7 7.4

Zs 7.9 6.8 7.6 8.4 8.1 8.4 7.4 7.1 7.5 8.5 8.6 8.8 9.4 7.7 6.4 6.9

Zs 7.5 7.2 6.8 7.7 7.4 8.1 7.9 6.8 8.3 7.9 9.3 7.9 8.8 8.4 7.5 6.6
3.1 HEERNE FAT B A7 0 —f b 3, BRI 25 R LK 6.,
3.1 AR ARALE A (9 A AD L HHE 16 4 H b2 r
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FRAE ) &, Hop, x " = (0.2465,0.3883,0.1591,
0.2059) ,x~ = (0.2465,0.3852,0.1590,0.2093) , —
HPER I ZES R =0.9515<1, p =1.0396 >
LGB —BOME R 50 R . JFAE IR | B ) T A B R 0
ACHE S ) A (0. 2346, 0. 3695, 0. 1514, 0. 1960) ,
(0.2563,0.4004,0.1653,0.2176) , 18 3 %F 5 21 3= W
RO A — Ak B, 45 380 o U] 2 AR XS T B AR )2 48 B 1
F WAL T M (0.246,0.387,0.159,0.208) ,

Fie FEORH [A) 20 3R, i o8 S R R & R GE (X )
FeIORF K Bk R G (X, ), Fo BRI R 4
(XD RGP (X D4 DNUHENRE T %4645 H
FRACEE . A s R il 2 R (X D7 T 4 4
Hbr 2 45 b5 £ WAL E By (0. 202, 0. 263, 0. 367,
0.168) ., “FEHURIK ik R4 (X, FH 5 4~ Hir )2
fekr £ M AL TE A (0. 177, 0. 345, 0. 229, 0. 113,
0.136) , “FRILfAR G B I RS (X )" N 3 4~ HE
JE 445 WAL E S (0.306,0.458,0.236) ,“ Z 55 1] #i
EI (XD T 4 D HRZRE EWAER
(0.411,0.172,0.143,0.274) ,

x5 N RIERX E H BT AE B
Table 5 Interval judgment matrix of criteria layer indicator
LD X X X X4
X: [1.000,1.000] [0.500,0.700] [1.400,1.800] [1.100,1.400]
X, [1.428,2.000] [1.000,1.000] [2.100,2.500] [1.600,2.100]
X; [0.556,0.714] [0.400,0.476] [1.000,1.000] [0.600,0.900]
X, [0.714,0.909] [0.476,0.625] [1.111.1.666] [1.000,1.000]

3.1.2  EWALE
MR A s WA R, 4 IR K (7)) A (8) k&

W8 E; 4 (0.463,0.477,0.503,0.495,0.455,0.511,
0.509, 0.484, 0.467,0.462, 0. 537, 0. 462, 0. 455,
0.483,0.534,0.456) , A 1 i) 48 #5 & WAL & w,
(0.060,0.062,0.065,0.064, 0.059, 0.066, 0. 066,
0.062,0.060, 0.060, 0. 069, 0. 060, 0. 059, 0. 062,
0.069,0.059), FHILAITF, IR 6l & RS (X ),
FeIORF K Bk R G (X)), o BRI R 4
(X ) RGTHALE FECX D4 A HE N 2 48 bR % WAL
4 (0.249,0.313,0.189,0.249) ,

FRIREAD TR ] 1 SRR R 2 RS (X DO7F
1) 4 A HARJZ e br & WAL E 4 (0.239,0.246,0.259 ,
0.256)  “FEHURL Mk R4 (X, F 5 N HIRZE
$8Fhr & WAL T A (0. 188, 0. 211, 0. 209, 0. 199,
0.193) , “FEIEAR R B W R G (X )7 NI 3 4> HAw
JZFEAR B WAL TE H(0.316,0.367,0.317) ,“ ARG ] #i
HER (XD TH 4 MHIRZEHEREWAE N
(0.236,0.251,0.277,0.236) ,

K6 ERRELER

Table 6 Normalization results of indicators

L SR EER AN

éﬁ% Xll XIZ X13 XH XZI XZZ XZS XZI
71 1.000 0.857 0.100 1.000 0.727 1.000 1.000 0.143
Zs 0.154 0.429 0.600 0.273 0.545 0.800 0.600 0.000
Zs 0.692 0.143 0.000 0.000 0.273 0.000 0.000 0.429
Zy 0.000 0.000 0.500 0.545 0.000 0.200 0.133 0.286
Zs 0.538 1.000 0.200 0.091 0.364 0.100 0.467 0.571
Zs 0.846 0.429 1.000 0.727 1.000 0.400 0.133 1.000

5 LRIEER AN

%i 5 X5 X3 X3 X33 X X X3 X
71 1.000 1.000 0.222 1.000 1.000 1.000 0.769 1.000
Z; 1.250 0.750 0.778 0.818 0.846 0.778 0.308 0.700
Zs 0.750 0.438 1.000 0.455 0.615 0.111 0.077 0.200
Z4 0.167 0.000 0.000 0.182 0.231 0.333 0.000 0.000
Zs 0.667 0.188 0.778 0.000 0.000 0.778 1.000 0.500
Zs 0.000 0.563 0.000 0.818 0.462 0.000 0.154 0.800
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il 8 R (X D 7RI Qx,
7.3 84 7.7 8.6 7.9 7.5
|69 7.2 74 75 6.8 7.2
Q=77 72 78 7.3 7.6 6.8
7.4 8.2 85 7.9 84 1.7
(2) WX Q9 I K AT o3 H e /ME
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Py =[7.3 6.8 6.8 7.4]"
(3) A 20 FI=t (21 # 7 “ FEHURHK H %
RG (X D)7 HEM Z I8 PR FE I H y, -
5.984  6.791 6.278 6.935 6.425
5.688 5.911 6.058 6.131 5.614
6.278 5.911 6.352 5.984 6.205 5.614
6.058 6.644 6.862 6.425 6.791 6.278

4 WHEX 22y, @ “FTHB R EH & RS

6.131
5.911

X1

(X 7 DU 2 8 4R 19 5 - TR (A RS R,

0000 —0011 —0004 —0013 —0006 —0.002
0001 —0.004 —0006 —0.007 0000 —0.004
ol 0009 —0004 —0.011 —0.005 —0.008  0.000
0000  —0008 —0011 —0.005 —0010 —0.003

(5) HHE X (23) K 28 H] 26 B 5 /5 g — ok I
B SRR R A R G (X O 7 HE N E 48 AR 1Y
A D, 2R

5.984  6.779
5.687  5.906
6.269 5.906 6.342 5.979 6.197 5.614
6.058 6.636 6.852 6.420 6.780 6.275

(6) f% B[] FF 20 B, 1 5 70 ORI i 1k R &6
(X, FOHEREE FE W R 48 (X)L R 58 n] Pl Ak 4 B
(XD 3 A2 48 bR 0y 8% 8 46 BE (D, ~

), HARTHR SRR .
[6.275  6.420
6.131 6.276
Dy, =|5.465 5.904
6.052  6.124
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Table 7 Evaluationresults and comparison
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Research on Quantitative Evaluation Model for Maturity of Filling Intelligent Control System
CHU Xinsheng', SHENG Gaoyong', ZHANG Haiyun®"
(1.Linyi Huibaoling Iron Mine Co., Ltd., Linyi, Shandong 277712, China;
2.Changsha Mining Research Institute Co., Ltd., Changsha, Hunan 410012, China;
3.Research Center for National Metal Mining Engineering Technology, Changsha, Hunan 410012, China)

Abstract: To scientifically and reasonably evaluate the operational status of the filling intelligent control system, a
comprehensive evaluation model for the maturity of the filling intelligent control system based on game theory and regret theory
was established. Firstly, based on the maturity theory, 16 influencing factors were selected from four aspects, including slurry
preparation, pipeline transportation, strength monitoring, and system visualization, and a comprehensive evaluation system for
the maturity of the filling intelligent control system was constructed. Secondly, game theory was used to determine the
comprehensive weights of indicators, the evaluation of the target was carried out by calculating the total evaluation value.
Finally, taking a certain iron mine as an example, the maturity level of the filling intelligent control system was determined and
compared with the results of fuzzy synthesis and matter element extension. The results show that the maturity level of the
filling intelligent control system in the mine is level IV, and the conclusions of the three evaluation models are completely
consistent. The results have verified the applicability and reliability of this model in the maturity evaluation of the filling
intelligent control system. and can provide a theoretical reference for system evaluation and improvement.

Key words: Mine filling, Intelligent control system, Game theory, Regret theory, Maturity





