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Economic benefit evaluation of coal mine safety input

based on Choquet fuzzy integral
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Abstract . In order to improve the economic benefits of coal mining enterprises and reasonable
arrangement of various safety inputs, a model to solve the correlation between indicators was constructed.
Firstly, the influencing factors of economic benefits based on safety investment were analyzed, and a set of
scientific and reasonable structural index systems was constructed on this basis. Secondly, the entropy
weight method was used to determine the weight of each index. Then, in view of the correlation between
indicators, based on the safety input structure, the entropy weight-Choquet fuzzy integral model based on a
2-additive fuzzy measure was introduced to calculate the economic benefit evaluation value. Finally, a
coal mine was selected for empirical analysis to verify the feasibility and effectiveness of the constructed

model. The results show that the constructed model is more reliable than technique for order preference by
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similarity to an ideal solution( TOPSIS) method. This model can take into account the mutual influence

and correlation between indicators and obtain more accurate and scientific evaluation results.

Keywords: choquet fuzzy integral;

fuzzy measure

0 3| B

WAL A ATE MGG 2 77 5, SE B 4
Az A5 T B A S B LR S, T I Al
A A BESE BT RS A I LAE, BEAE TR R
LS IR N[N TR 0 QU S 2 S E D L
133 5 1 A & K R A Lo ol e Y R,
B A B R G R S S 2 R E R G, BEAER
2= B2 R =4k 2 E A S M, RO, HEln)
KA B ShAR AR R, anfera
ff 7 22 4 BB R I 1 R A e MR R
A LB IRER Al 22 4 BN TE IR | ] 5
B BB, A2 4 il i & A

SFHADS MR T WFT AT 2 555 R R IR
AN IRrS ( Analytic Hierarchy Process, AHP ) FK €8, ¢
143 M2 ( Grey Relational Analysis, GRA) , #5714
WAl Z 2 BAMRACRIARL, DL SR Bl i & 2 A
SR R S AENY RN T — R B = A R AR
( Triangular Intuitionistic Fuzzy Numbers, TIFNs) 5
AHP FHEE G 14 A $ A G5 A0 1ff 5 B 07 ¥ 5 2241
A0 5 ok 38 I P AR f# HE P ( Technique for Order
Preference by Similarity to an Ideal Solution, TOPSIS)
RS R . (0 AHP Il TOPSIS 1:#5EER
PITRARSE ML, X 5 SEPRAF AR T BEA R &, 52
i, JE T 4 A B I 28 05 3% 45 P 46 A 2 (1]
WIS A B S A EOCIRAY

BT B UL T AR & 5 R
Y HEFE AR IR R s RO & & DR PRI ; £
X HR bR Z [ FEAEAH A, B TR R ARSI A
PR =FET 2 m] ORI 2 8 Choquet AR AR 734
B PRI 22 E A 5 I LIRS 2009—2019 4F
NG 2 A 7 B ], SEAT PR 27
DU Ry B T2 2 A IR0 22 5% R DF- 4 fRE A
4 A B R I R AR ARt ] Dy
W ITER RS,

1 HEEREZR

1.1 ZEBNIER
FURT, 36 A5 2T AR A B, X 2 B AR

coal mine;

safety input;  economic benefits;  2-additive

VET Ay, WRAF AR N2 4 W 4 B £ L 4
GEF AN T G BT 2R KT
N BREOR By TH A 7 2 AR R B
i SCEE S gl e R G S IR R E N SE R R RS
GEWMAT NRRE M ERM AL EREN
FEANMY) AR 4 AT RG, HEEM
BT b JB B2 B AR RIS | R A B RHE
IEEEB M E R G 2 AT I 325 F 0 4
vz A B AR IR X 70 4 TR« HE R
B 2, KW 0y EETAR 0, LG xg ML4E
A x, X 6 P8R,
1.2 ZEFHiEkR

LA R PR T AR AR bR RN 2 A8 bR . T
TERF TSI Al 22 AR A SR i R AR X 2T
PEIUFH R )38 S5 48, ELIG(E = I B E 2 A,
KREZBMELAR A, BT DL, H e U™ 5 xg 1R
WA TR 8 bn . I R &, 1R
WA PR R bR . B TR 2R A AT
MrigbriR R A 1 FiR .,

2 HERERAZFU@mTNEE
2.1 EFRHAEHEETRE

KR 1 TR B LB BT T
1) HES VR O = (a,),. . HIb,
a, JH § TR MR (= 1,2, dyj=1,
2,"',6)0
2) BN T P A A e AL
R= (1)) o Hooft JRPERTRACHAE R4S HRY
Ti T ma)i:a.v —jmilljaw (1)
R (L B A B
Ty T ma)iau U—minya.. (2)
3) LA SRR O, |
1

Qj = m;f‘ijlnf‘ij (3)

ﬁ$ﬁﬁﬁéwﬁﬁﬁ%%ﬁﬁdg=2? ,

i1




hoE e B o

343

- 78 - China  Safety Science Journal 20244
B % AR R
RETHEA REHERA | | REWHEEA | | REBARBA | | 2e®mEEA | | 22TERA R P
o] || [ 32 [ e allmlllll [ 12 (2] [llslzle]sl [ & =
x| [ £ e I e I A i i
I|IT| & Bl (||| )R] | |BE (S| kA o i =
Al (& gl (222w B EE (el 2155 £ B
& &L et A A a3 I 3 e i
NINIE A ONPNIE 315 11715 ARG AN NN A N 4 o %
; e e A :
& A | REIE A A A 4
g ® ||| % || 2| i
M el & X
||| | 22| | —
WNIPNIEN N

B 1 ETRTZERANEFHHITENIERER

Fig.1 Evaluation index system based on coal mine safety input structure
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Tab.1 Scoring standard of interaction degree between

the two indicators
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Tab.2 Each index value of a coal mine from 2009 to 2019
FEhR 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
%,/ JII0 | 1530.42|1610.96 | 1770.29 | 3 218.70 | 4 951. 85| 6 602.47 | 7 767.61 | 6 214.09 | 3 403.90 | 3 169. 55 |3 328. 03
%,/ TG | 50.01 52. 64 57.85 74.17 95.09 121.91 156.30 | 127.05 97.80 109.70 | 115.19
%,/ TG | 660.94 | 695.72 | 764.53 | 745.85 | 783.22 | 708.48 | 857.96 | 558.99 | 260.02 | 311.20 | 326.76
%,/ 7170 | 304.17 | 320.18 | 351.85 | 370.37 | 389.86 | 410.38 | 431.98 | 411.41 | 467.51 | 531.26 | 557.82
x5/ JTTC | 1096.53 | 1 154.24 | 1268.40 | 1 441.36 |1 637.91|1861.26 |2 115.07 | 1 823.34 |2 025.93 |2 127.23 |2 233.59
%/ J1TC | 84.33 86. 05 86.92 93. 47 100.50 | 108.07 | 116.20 | 105.32 | 100.53 | 108.51 | 113.94
%,/ T0 | 214.16 | 225.43 | 247.73 | 260.77 | 283.44 | 314.94 | 316.84 | 320.04 | 313.76 | 307.61 | 322.91
xg/ Tt 67.41 70. 95 77.97 74.97 83.71 150. 51 163.36 | 172.16 | 157.05 | 151.56 | 161.03
x3 FEET 2009—2019 ERNETUHERBELEN L EHE
Tab.3 Non-dimensional values of each index value of a coal mine from 2009 to 2019

£y Xy o) X3 Xy Xs X6 Xq Xg

2009 0.00 0 0.000 0 0.670 5 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0

2010 0.0129 0.024 7 0.728 7 0.063 1 0.050 8 0.054 0 0.033 8 0.896 4

2011 0.038 5 0.073 8 0.843 7 0.188 0 0.1512 0.081 3 0.100 8 0.691 3

2012 0.270 7 0.227 3 0.812 5 0.261 0 0.303 3 0.286 8 0.072 2 0.571 4

2013 0.548 6 0.424 1 0.8750 0.337 8 0.476 1 0.507 4 0.1556 0.3629

2014 0.8132 0.676 5 0.750 0 0.418 7 0.672 6 0.744 9 0.793 3 0.073 3

2015 1.000 0 1.000 0 1.000 O 0.503 9 0.895 8 1.000 0 0.916 0 0.055 8

2016 0.750 9 0.724 8 0.500 0 0.422 8 0.639 2 0.658 6 1.000 0 0.026 4

2017 0.300 4 0.449 6 0.000 0 0.644 0 0.817 4 0.508 3 0.855 8 0.084 1

2018 0.262 8 0.561 6 0.085 6 0.895 3 0.906 5 0.758 7 0.803 3 0.140 7

2019 0.288 2 0.613 2 0.1116 1.000 0 1.000 O 0.929 1 0.893 7 0.000 0
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Tab.4 Interactive relationship and degree of interaction among indicators

ZHARKR| R HKR | ZHIE |ZZHAEhS | SCHRR | LHE | ZHAEN | ZCHKRR| LHE | KHIEN | ZCHXRR | SLHE
[A,B] HAp 0.2 {B,C} H AR 0.1 [C,E| AN 0.2 D, H| HAR 0.4
{A,Cl H AR 0.1 IB,D} HAb 0.1 | C,F) H Ak 0.1 |E,F) H AR 0.1
{A,D} HAb 0.4 {B,E} B 0.2 1C,Gl HE -0.4 |E,G} "E -0.4
{AE| H AR 0.1 {B,F} H A 0.1 IC,H| HAp 0.4 {E,H| H AR 0.4
{A,F} HAp 0.1 {B,G} BEE -0.4 ID,E| oAb 0.2 | F,G) "5E -0.4
[A,G) HE -0.4 {B,H} HAR 0.4 {D,F} HoAb 0.1 {F,H} AR 0.4
{A H| oAb 0.4 {C,D} HAb 0.2 {D,G} i) -0.4 {G,H| iyl -0.5
5) BT8P AL E AT AR 2 B RS G (6)— 6) 3% 4 AR FIER L & B REOT RS H] 2-
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Tab.5 Mobius interaction coefficient

m, 0.144 9 m,p 0.003 3 My 0.001 2 Mg -0. 006 8 My 0.005 9
my 0.1153 My 0.001 3 My 0.002 3 mey 0. 005 2 M -0.008 2
m 0.088 1 my, 0.005 9 My 0.001 2 my 0.002 0 My 0. 006 4
m, 0.102 0 m 0.001 5 My -0.008 9 mp 0.001 1 Mgy -0.014 3
mg 0.100 0 myp 0.001 6 My 0. 006 9 My -0.007 8
mg 0.107 3 mye -0.011 1 Mep 0.001 8 My 0.006 1
mg 0.191 8 my, 0.008 6 Mg 0.001 8 My 0.001 1
my 0.148 4 My 0.001 0 mep 0.000 9 My -0.007 7
&6 2-TIAEHAN
Tab. 6 2-Additive fuzzy measures
K m(K) K m(K) K n(K)
1} 0.000 0 {AH!| 0.301 9 {D,H} 0.256 5
1A} 0.144 9 {B,C! 0.204 4 {E,F! 0.208 4
{ B} 0.1153 {B,D} 0.218 5 {E,G! 0.84 1
{C} 0.088 1 {B,E| 0.217 6 {E,H!| 0.254 3
{D} 0.102 0 {B,F} 0.223 8 {F,G! 0.290 9
{E} 0.100 0 {B,G| 0.298 2 {F H} 0.262 1
{F} 0.107 3 {B,H} 0.270 6 {G,H} 0.3259
1 G} 0.191 8 {C,D} 0.1919 {A,B,C} 0.3539
{H} 0.148 4 {C,E} 0.189 9 {A,B,C} 0.3539
{A,B} 0.263 5 {C,F} 0.196 3 {A,B,C,D} 0.464 8
{A,Cl 0.234 3 1C,G} 0.273 1 {A,B,C,D,E} 0.568 8
{A,D} 0.252 8 {C,H} 0.2417 {A,B,C,D E,F} 0.685 6
{AE} 0.246 4 {D,E} 0.204 0 {A,B,C,D,E F,G} 0.826 9
{AF} 0.253 5 {D,F} 0.210 4 {A,B,C,D E,E,F G ,H| 1.000 1
{A,Gl 0.3256 {D,G| 0.286 0
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7T IZET 2009—2019 FHEFRFITENE
Tab.7 Economic benefit evaluation value of the
coal mine from 2009 to 2019

i SO E ¢ HEP 4R
2009 0.060 6 11
2010 0.249 3 10
2011 0.270 7 9
2012 0.342 8 8
2013 0.439 9 7
2014 0.594 0 2
2015 0.758 8 1
2016 0.576 1 3
2017 0.448 2 6
2018 0.5323 5
2019 0.574 3 4

HIZ& 7 FTH: 2015 4F 20 B T2 2R AR
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55 TOPSIS I& ™ AT XL, 853 3 8.
#& 8 Choquet ZEHIFA D EEL 5 TOPSIS ERITM & RILE
Tab.8 Comparison of evaluation knot between
Choquet fuzzy integral model and TOPSIS method

4E Choquet I 4 TOPSIS

By 347 HeRe 45y Hee
2009 0. 060 6 11 0. 402
2010 0.249 3 10 0. 390 9
2011 0.270 7 9 0. 360 11
2012 0.342 8 8 0.375 10
2013 0.439 9 7 0.422 7
2014 0.594 0 2 0.529 2
2015 0.758 8 1 0. 604 1
2016 0.576 1 3 0.522 3
2017 0.448 2 6 0.437 6
2018 0.5323 5 0. 485 5
2019 0.574 3 4 0. 498 4
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