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Research on Grey VIKOR Model for Evaluating Emergency Rescue System of Metal Mines Based on Combination Weighting
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Abstract: To scientifically and reasonably evaluate the level of emergency rescue system construction, 26 indicator factors were
selected from four dimensions: pre-emergency prevention, pre-emergency preparation, in-process emergency rescue, and post-
recovery and reconstruction. The interval analytic hierarchy process-improved CRITIC method was used to calculate the weight
of each indicator factor, and the grey correlation method was used to improve the traditional VIKOR method. A multi-criteria
compromise decision-making model for the emergency rescue system of metal mines based on combination weighting-grey
VIKOR was proposed. Taking five underground metal mines as the research background, the established model was applied to
evaluate the emergency rescue system. The evaluation results were compared with the weighted grey correlation method and
weighted TOPSIS method, and the differentiation analysis of emergency rescue system construction was carried out based on
the radar chart method. The results show that the evaluation results of the model are reasonable and reliable, with stronger
applicability and higher identification, verifying the feasibility of the combination weighting-grey VIKOR model in the
evaluation of emergency rescue systems in metal mines.
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Table 1 Quantitative values of qualitative indicators
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Fig.2 Calculation steps for subjective weights
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Table 2 Basic information of the experts
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Table 3 Expert ratings for the research subjects
Gl H VT AR R IT 41 B : :
Ay A, As B B, Bs B, Bs B B C C, Cy Cy
K 7.47 6.73 7.68 7.89 7.75 7.91 7.64 6.98 8.92 8.24 7.92 7.63 8.32 7.94
K, 8.98 7.26 6.92 8.45 7.93 7.18 7.89 7.27 8.18 7.38 8.49 7.39 8.62 7.71
K3 7.56 6.98 7.15 8.37 8.34 8.78 8.13 8.39 7.35 9.32 9.32 8.36 8.94 8.39
Ky 8.34 7.56 7.33 7.92 7.71 8.34 8.27 7.65 8.29 8.89 8.35 8.74 9.34 8.14
Ks 7.17 6.54 7.24 8.38 8.89 8.62 8.56 9.32 7.38 8.12 8.62 9.37 7.98 7.73
il : ; : %iT‘f?’T?‘ET’rE?Tﬁ‘%YR
Cs Cs Cy Cs Cy Cho Cu Ciz D, D D3 D,
K 7.78 7.43 8.47 7.34 7.65 8.55 7.49 7.35 7.25 7.94 7.39 8.14
K, 8.35 7.95 8.93 7.52 7.42 8.22 7.26 7.98 6.93 7.32 8.32 8.39
Kjs 8.59 8.73 8.14 8.58 8.38 8.43 7.65 7.28 7.54 7.84 6.48 8.34
K, 8.83 8.44 7.53 8.67 8.62 8.98 7.29 7.24 7.98 8.93 7.23 8.56
Ks 8.56 6.93 8.12 8.93 7.48 9.47 6.53 6.59 7.83 9.32 7.93 7.71
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Table 4 Subjective weights of the first-level indicators
S W PN IE bR A B C D T AR A
A [1,1] [0.5,1] [0.25,0.333] [1,2] 0.156 1
B [1,2] [1,1] [0.5,1] [2,3] 0.267 9
P WA B A c [3.4] [1.2] [1,1] [5,6] 0.475 4
D [0.5,1] [0.333,0.5] [0.167,0.2] [1,1] 0.100 6
"""""""""""""""""""""" A1 1 o3 2 o613
B 2 1 1 3 0.279 3
EHI W e AT . -
C 1 2 1 6 0.459 8
D 1 0.5 0.2 1 0.099 6
"""""""""""""""""""""" A 1 o5 02 1 o100
B 1 1 0.5 2 0.254 5
A F WA R A _
C 3 1 1 5 0.493 9
D 0.5 0.333 0.167 1 0.101 6

(2) ZWMALE, RIS H CRITIC % WAL

L, 555 L GAT o016 DL K 30 46 PPl 46 B 2848 A
éfﬂEB TRAL B, 11546 b 22 S VE RBCRI 25 G PE R
B, Horp 8 hr 22 5 M R 8093 4 o (0.083 8,0.052 0,
0.034 2,0.029 8,0.054 6,0.070 4,0.038 9,0.106 5,

0.074 1,0.079 6,0.053 3,0.087 2,0.054 7,0.032 2,
0.042 2,0.082 9,0.055 8,0.079 0,0.062 4,0.051 0,
0.053 0,0.060 5,0.050 8,0.089 4,0.084 2,0.035 4);
FEARZEA T R B0 5 oM (2,178 7,1.147 6.,0.969 8,
0.763 0,1.343 4,1.437 4,0.795 4,2.361 3,2.277 5,
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1.574 2,1.111 2,1.814 1,1.109 9,0.659 9,0.774 0,
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26 PN HEFR I MALE N (0.058 5,0.030 8,0.026 0,
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0.042 3,0.029 8,0.048 7,0.029 8,0.017 7,0.020 8,
0.046 1,0.049 0,0.040 5,0.031 8,0.032 1,0.036 5,
0.046 5,0.027 0,0.053 7,0.069 4,0.021 8), 4 4>—
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0.149 4),“FH i 2 $ & C7 I 12 > 35 b5 7 i
HMALE N wi = (0.069 5,0.113 5,0.069 5,0.041 3,

0.048 4,0.107 5,0.114 1,0.094 3,0.074 1,0.074 9,
0.085 1,0.108 1), “HH K EZ E#&# D" 4 448
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Table S Calculated results of the indicator weights

— AR PR AR AR bR AE e
— Yt bR FAL WAL SRR Z YRR F WAL E WAL AR
Al 0.054 4 0.058 5 0.059 6 1
A 0.156 1 0.115 3 0.139 3 A 0.042 8 0.030 8 0.038 3 15
A 0.058 9 0.026 0 0.041 4 12
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" B/ 00681 00205 00394 14
B. 0.048 9 0.036 1 0.044 3 7
Bs 0.022 1 0.038 6 0.030 8 20
B 0.267 9 0.283 5 0.273 1 B, 0.041 8 0.021 4 0.031 6 18
Bs 0.038 5 0.063 4 0.052 2 3
Bs 0.029 4 0.061 2 0.044 8 6
B: 0.019 1 0.042 3 0.030 0 21
"""""""""""""""""""""""""""""""""""""""""""""""""""" c, 00567 00208  o.o0434 9
C. 0.018 5 0.048 7 0.031 7 17
Cs 0.030 1 0.029 8 0.031 6 19
C 0.033 3 0.017 7 0.025 6 24
Cs 0.078 9 0.020 8 0.042 8 10
Cs 0.065 7 0.046 1 0.058 1 2
c 0.475 4 0.429 3 0.452 0
ol 0.029 9 0.049 0 0.040 4 13
Cs 0.018 4 0.040 5 0.028 8 22
Cy 0.012 5 0.031 8 0.021 1 25
Cuo 0.039 2 0.032 1 0.037 5 16
Cu 0.055 4 0.036 5 0.047 5 1
Cu 0.036 5 0.046 5 0.043 5 8
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" D/ 00272 00270 00286 23
D, 0.036 1 0.053 7 0.046 5 5
D 0.100 6 0.172 0 0.135 6
D, 0.022 5 0.069 4 0.041 4 11
D, 0.015 1 0.021 8 0.019 1 26

3.2 RETE
AR I (0, 52 156 VIKOR #5835 R 37, 45 5 48
PRECHE T o0 25 5 L 38 3 VT B OGP N 25 A AR (R L T

JED AR AR R VEAL BRI S AR .
(1) BB I — LA 3. MR 45 20 (2) X 45 45
ol AT 0 — AL AL B, RIS R R 6.
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Table 6 Normalized indicators data
HIT MR IR T 315
il i : e
Al A, Aj B B B B, Bs Bg B Cy C, C, Cy
K, 0.421 0.429 0.473 0.430 0.426 0.432 0.422 0.392 0.496 0.438 0.414 0.410 0.430 0.445
K, 0.506 0.462 0.426 0.461 0.436 0.392 0.435 0.408 0.455 0.392 0.444 0.397 0.446 0.432
K 0.426 0.444 0.440 0.456 0.458 0.480 0.449 0.471 0.409 0.495 0.487 0.449 0.462 0.470
K, 0.470 0.481 0.451 0.432 0.424 0.456 0.456 0.429 0.461 0.472 0.437 0.469 0.483 0.456
Ks 0.404 0.416 0.446 0.457 0.489 0.471 0.472 0.523 0.410 0.432 0.451 0.503 0.412 0.433
SV AR AT 4316 L
g —— - - - - - —
(/5 (16 (17 (/8 (z‘) (/l\) (/11 (/]Z Dl D2 D3 D1
Ky 0.413 0.419 0.459 0.399 0.432 0.437 0.462 0.450 0.431 0.428 0.441 0.442
K, 0.443 0.449 0.484 0.409 0.419 0.421 0.448 0.489 0.412 0.394 0.496 0.456
K, 0.456 0.493 0.441 0.466 0.473 0.431 0.472 0.446 0.449 0.422 0.387 0.453
K, 0.469 0.476 0.408 0.471 0.486 0.459 0.449 0.444 0.475 0.481 0.431 0.465
Ks 0.454 0.391 0.440 0.485 0.422 0.485 0.403 0.404 0.466 0.502 0.473 0.419

(2) Wi E AR AR . MRS 20 (3D L 8 5E 45 A

R A IE AR S

S =1(0.506 3,0.481 4,0.472 5,0.460 5,0.488 7,

0.479 7,0.472 4,0.523 2,0.495 8,0.495 2,0.487 4,
0.503 1,0.482 7,0.469 8,0.468 5,0.492 8,0.484 0,
0.485 0,0.486 4,0.484 5,0.471 6,0.488 8,0.474 8,
0.502 0,0.496 3,0.465 0)

f~ =10(0.404 3,0.416 4,0.425 8,0.430 0,0.423 8,
0.392 2,0.421 6,0.391 8,0.408 5,0.392 1,0.414 2,
0.396 8,0.412 4,0.431 8,0.412 8,0.391 2,0.408 1,
0.398 7,0.418 7,0.420 5,0.402 6,0.403 6,0.412 4,
0.394 3,0.386 6,0.418 8)
() IR ARIE  FOCH R 2., R 6) .3t
FARPRIE IOR (OCHE R B, BRI R ILAR 7.

xT ERESAKREXEKRY

Table 7 Positive and negative grey relational coefficients of the indicators
SRS R B VRO AR bR T 0 O i i i i
A Ay As B, B B3 B, Bs B B C, C, C; C,
0.374 8 0.488 4 1.000 0 0.430 3 0.4101 0.639 8 0.4856 0.3635 1.0000 0.640 7 0.406 8 0.516 8 0.556 7 0.637 O
1.000 0 0.7254 0.418 7 1.000 0 0.452 3 0.491 3 0.564 6 0.3946 0.5853 0.498 2 0.536 4 0.484 5 0.640 2 0.537 3
e 0.389 3 0.577 4 0.508 1 0.8409 0.5904 1.0000 0.6689 0.589 6 0.399 5 1.000 0 1.0000 0.648 2 0.762 0 1.000 O
0.585 8 1.0000 0.6100 0.443 8 0.401 8 0.778 4 0.749 7 0.444 5 0.623 8 0.817 5 0.497 5 0.747 1 1.000 0 0.759 6
0.3334 0.437 2 0.554 4 0.858 0 1.000 0 0.906 2 1.000 0 1.000 0 0.404 2 0.616 1 0.578 4 1.000 0 0.485 0 0.544 8
S F : : : %W@%%ﬂﬁ%%
Cs Cs Cq Cs Cy Cro Cn Ciz D, D> D3 Dy
0.410 6 0.4151 0.6917 0.508 3 0.636 4 0.519 2 0.814 5 0.601 8 0.599 8 0.481 6 0.5854 0.758 4
0.603 8 0.541 9 1.000 0 0.538 3 0.5859 0.442 8 0.643 0 1.0000 0.510 3 0.390 6 1.000 0 0.885 8
€ 0.753 0 1.000 0 0.566 5 0.824 5 0.876 1 0.488 5 1.000 0 0.576 3 0.713 2 0.464 2 0.416 5 0.857 0
1.000 0 0.760 8 0.424 4 0.863 4 1.000 0 0.669 7 0.661 2 0.562 6 1.000 0 0.766 8 0.546 5 1.000 0
0.730 4 0.3389 0.560 3 1.0000 0.598 3 1.0000 0.3854 0.406 5 0.879 4 1.0000 0.771 0 0.607 9
St B VRO HE bR T 20 0L : : ‘ ‘
Ay Az As B B, B By B; Bs By C, C, C; C,
0.758 8 0.814 7 0.532 2 1.000 0 0.960 3 0.571 6 1.000 0 1.000 0 0.378 7 0.537 9 1.000 0 0.8050 0.7517 0.8051
0.342 7 0.537 1 1.000 0 0.6354 0.8148 1.0000 0.794 1 0.7657 0.5356 1.0000 0.6409 1.0000 0.616 6 1.000 O
€ij 0.707 5 0.6550 0.789 9 0.670 4 0.6057 0.378 4 0.663 0 0.402 0 1.000 0 0.340 4 0.4209 0.5053 0.517 4 0.582 8
0.446 4 0.450 3 0.678 3 0.970 2 1.000 0 0.456 4 0.604 8 0.5858 0.5045 0.398 7 0.702 9 0.423 3 0.430 8 0.688 4
1.000 0 1.000 0 0.729 9 0.665 8 0.450 6 0.403 4 0.511 7 0.288 3 0.969 6 0.5750 0.5924 0.333 5 1.0000 0.979 4
B 2 5 : ﬁﬂzfﬁ'l‘?ﬁﬂ‘/ﬁﬂﬁ‘l‘%‘”ﬁﬂ
Cs Cs Cy Cs Cy Cuo Cn Ciz D, D, D D,
1.000 0 0.653 4 0.510 8 1.000 0 0.8039 0.759 1 0.473 4 0.533 3 0.736 4 0.6144 0.494 9 0.694 9
0.637 6 0.480 3 0.4121 0.844 8 1.0000 1.0000 0.541 7 0.384 6 1.0000 1.000 0 0.326 4 0.590 2
€ij 0.553 2 0.343 7 0.616 7 0.441 3 0.4955 0.8320 0.4352 0.557 3 0.594 4 0.6551 1.0000 0.608 6
0.488 5 0.384 3 1.000 0 0.424 1 0.4400 0.577 7 0.531 7 0.5720 0.459 9 0.380 2 0.543 2 0.535 4
0.562 5 1.000 0 0.624 6 0.381 2 0.940 2 0.4541 1.000 0 1.000 0 0.498 3 0.330 6 0.380 8 1.000 0
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MR T TR AR IE TR (L CHRE
e, =(0.575 9,0.633 5,0.711 9,0.719 8,0.692 1)
e; =(0.738 1,0.726 9,0.591 2,0.564 5,0.679 7)
(3) WK @ VIKOR Ff PR35 4 (8 A A 4 15t 1k
fH . RO B, T35 T K @ SCIR% 19
PRk i (B AN M I B A LT S R L3R 8.
R8 REBXBKEHENHEEM M EEBETEER
Table 8 Calculation results of group utility and individual

regret values using the grey relational analysis method

NI i S; R; g &
K1 0.672 8 0.052 2 1.281 6 2.751 3
K, 0.563 5 0.046 5 1.147 5 2.560 0
K3 0.418 7 0.046 7 0.830 5 2.503 0
Ky 0.393 1 0.044 3 0.784 3 2.488 7
Ks 0.506 2 0.059 6 0.982 0 2.999 7

WD IR GEHEmE., REXOELAD, It
BT IR VIKOR ¥ B BEARRL 25 18 6, L 1A 35t Bk
18 0, 5G4 H Q. BRI R S R ISR 9,

WRAELr G tnE Q TS R AT, 5 FEa 1L h
BRI ZIKFHEF IR IK R K, > K, > K > K, >
Ky BP9 1l K, B 2ROz 7R R K P e, 7 1 K R
SORURIR RK R 2%,

£ 9 ET GRA-VIKOR HIiEM &R
Table 9 Evaluation results based on the
GRA-VIKOR method

(GRIIE 3 d: 0; Qi
K, 0.862 3 0.143 5 0.897 1
K, 0.646 6 0.119 0 0.513 6
K; 0.347 7 0.117 0 0.076 3
K, 0.308 3 0.110 4 0.000 0
K; 0.497 1 0.178 7 0.472°7

3.3 WEIERSMIEE

R ik — A BRI IR 5, VIKOR #5876 1 20508 1k
F VPR J7 T 0 RS R M L R R B 4
KHRIE FUIMAL TOPSIS % 974k 25 R AT X% L. R
i = FhZE G PR AL A T B 25 SR B AT M, R
KR €8, 5 156 vk AU AL TOPSIS 5 37 ] 3 540 i 2
PR AR BN VA — 1k A i A B SR $8 BR A
FHA LR 50 VIKOR BRI 584 —5, HET
OIMT =P LA B ML T 4 R T 1L N SRR IR R T
i 7 T RR A L W25 T H BT = R BT 45 R 1Y
W RS 5 BB AR TP 25 53 — BT 4 R, B A
A S R OB, e AR RN B P T A R
A FITF 43 BT B 45 1 2 R4 I R s A 45
AR R W% 10, TR R HE LA 3,

F10 AREREHLERITLE

Table 10 Comparison of evaluation results from different models

AU 8, G186 k10

HIAL TOPSIS 7% 2]

K VIKOR %

o P

Kk RO CEEHT R I N W& Wi A EHY AT ST s
K, 0.592 0 5 0.013 1 0.007 2 0.354 9 5 0.897 1 5 5
K, 0.661 6 4 0.011 4 0.010 6 0.481 8 4 0.513 6 4 4
Ks 0.715 3 2 0.010 1 0.011 0 0.520 4 2 0.076 3 2 2
K, 0.722 0 1 0.008 5 0.011 2 0.567 2 1 0.000 0 1 1
Ks 0.705 4 3 0.011 6 0.011 7 0.502 2 3 0.472 7 3 3
W AE 0.123 3 0.212 3 0.897 1

AR5 RE 0.060 8 0.092 5 0.415 5

MR 10 AT, 56 T IAOR €8 0GBk 12k 1) 155 45
514 :0.592 0,0.661 6,0.715 3,0.722 0,0.705 4,
XI5 R 1L N 2R R R @ K HER K >
K; >K; > K, > K, 5 2 T AL TOPSIS /Y A5 % I iz
JE 4504 :0.354 9,0.481 8,0.520 4,0.567 2,0.502 2,
XF R 5 AT LN R AR R K PEHE Y
K, >K,>K; >K,>K,, FHIEFIMEUK @ T %
FUIAL TOPSIS A5 5 55 A 3 iy 57 (19 2 7 240 5 R
A Af VIKOR 55 BUPF 4 45 2 58 4 — 80, i — 1
B UE TR 1 35 AT R

HRAE 2 10 AL 3 0] 1, 3 F i BUK (0 5 Bk 2
HIAL TOPSIS 2 K (5, VIKOR #5558 B 4% {8 53 3 4

0.123 3,0.212 3,0.897 1,41 i 748 5% R K040 5 K
0.060 8,0.092 5,0.415 5, X &, BT HAE
AN — K VIKOR 5 A 1) B {8 A0 A8 5 28 800 = Fh
PEAGASE Y rp 38 50y e KA . 36 BB €0, SQ 16 3k R
B TOPSIS #E R F 545 5 14 22 5 M /N, w7 1l 2Z )
N 2RI IR R BB 45 X 40 S I 3 i 5 T K (8
VIKOR #8155 25 5L 58 48 T Jin 2 UL . i i b [X 53
FL AT 1L N 28 RO AR R i S B . AH BE T LAl A
ALK 8 VIKOR £ RY 58 % 57 10 58 43 32 98 48 tr £
{5 B B ARG T P vk, DT AT AR RORR A | 37 B
(R PEAG HE ¥ 45
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Fig.3 Comparison of the evaluation results
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Fig.4 Radar charts of the evaluation results
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UL N Y (AR <1 D A R A O
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W, HEEFENRIELR, N A RET ER,
AR K, FA I K, i 75 8 ik — 4 32 T S0 i 3h
A WU RE 7 AR M W R L 25 G s F S B SR
£ = RN S| I TR [ M 1 PR A = W o e =
LB R AR e B R HERR L R IR S
RS T IR e 4, BT K, 1 foig W s R
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T N S BRI FRoik L EEE 5 1L 2 A 7 SR
& T IO 2 AR B VI 5 0 68 P A S L R R
10 25 15 92 P DO G R, 2 PRI R 2 B8 B I 4 B
i o B2 TT B IR R B E S Al AN 255 K TR L B AL
BOMERBE ST, 5350 81 Ks i 75 B9t — 20 d 05
IO B B AR A, I ORONS RO e A A L T S ik
(14 R 18258 A ML A SO A HUE 2247 BB I 1)

4 Hip

(1) g4y is X ] 2 0 43 fr i Al e CRITIC
PRI VAL, B T G AR AR o HE AR £
HACE BN DR A R B e T TR R
WS BR s AT LA 08 TP Al 45 3R 00 P S

(2) SR AR A0, 5 1K i ek 5 58 VIKOR %, 2
N T A A 4 B A 1L N R R TR R T
fli B9 R €8 VIKOR $RSEREA, LA 5 4 1L o i ik 47
SEUERIE T, I DAk 45 R 5 AU (5 5 Ik 2k A AL
TOPSIS £ AR L3, 45 2R 7R i g 37 (9 25 45 17 i 42
RSG5 BT S, HAT 5 A0 A AR TR
G Ja A LU 2 R A R DA B AR LR

(3) BB A 1L 2 R A R DAl AR DS F
GE R AR 8D A O IR B 5T 38 AN FE 47 TR 5 ST
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