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Abstract

Human error is a primary cause of coal mine accidents; thus, its scientific evaluation and effective
prevention are critical. With the continuous advancement of intelligent coal mine construction, op-
erator error patterns are presenting new characteristics. To objectively assess the human error
risks in human-machine interaction (HMI) operations within intelligent coal mines, this paper pro-
poses a safety evaluation model integrating the Combination Weighting Method, Fuzzy Comprehen-
sive Evaluation (FCE), and Set Pair Analysis (SPA). First, a hierarchical structure of factors influenc-
ing human error behaviors is constructed. Based on game theory, the model combines subjective
weights determined by the Improved Analytic Hierarchy Process (IAHP) with objective weights
from the Entropy Weight Method (EWM). It then employs FCE for risk grading and introduces SPA
to analyze the connection trends of the evaluation results. Finally, the model is applied to assess
operator risks at an intelligent coal mine in Hunan Province. The results indicate that: 1) The pri-
mary risk sources in HMI operations include the safety responsibility system, hazard management,
and cybersecurity and data resilience, with the safety responsibility system being the most critical;
2) The case application reveals a risk score of 84.35 (Low Risk), and the comprehensive connection
degree is 0.6706, exhibiting a “strong identical trend”, which demonstrates the inherent robustness
of the system’s low-risk state; 3) The evaluation results align closely with actual on-site conditions,
verifying the accuracy and applicability of the proposed model for human factor risk assessment in
intelligent coal mines.
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Figure 1. Evaluation flowchart
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Figure 2. Evaluation index system chart
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Table 1. Criteria for assessing safety risk levels
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Table 2. Judgment matrix A-Bi
= 2. FIBTRERE A-Bi

A Bi1 B2 Bs B4 Wa.Bi
B1 1 0 2 0 0.118
B2 2 1 2 0 0.263
Bs 0 0 1 0 0.055
Ba4 2 2 2 1 0.564
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Table 3. The rating situation
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ey TxR1 TK2 LK 3 LKA HXK5
A BRI 90 82 85 84 89
OIRA 79 88 83 85 80
BRI 88 84 80 82 80
LA IR 80 81 87 81 80
ZEBINGEE 82 89 83 88 82
B ] SEE 82 84 89 88 82
PN IR i 79 86 79 80 79
B e 83 89 85 90 83
W 22 $ 0 89 79 90 80 91
DRt 80 83 88 81 88
IR S 77 79 84 77 84
5% 5 dif 80 87 80 81 87
5 RIS & 83 85 20 89 83
A TR 83 90 85 90 83
RN E 82 84 89 82 88
SR B £ 84 89 88 84 91
AT ARE 82 89 84 88 82
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B SRR AR % MR EE 45 5 W, = (0.032, 0.037, 0.057, 0.080, 0.063, 0.055, 0.105, 0.055, 0.037,
0.040, 0.056, 0.064, 0.055, 0.056, 0.055, 0.048, 0.055, 0.050).
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Table 4. Composite weighting results
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B A HEME: Ce 0.035
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Table 5. Risk level membership matrix RT
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LAHIR Cy 0.34 0.36 0.30 0 0
RN EGAE Cs 0.42 0.38 0.20 0 0
WA AT SENE Co 0.44 0.38 0.18 0 0
JHLF R RE Cr 0.26 0.34 0.34 0.06 0
HE R RE Cs 0.52 0.36 0.12 0 0
W 2 AR Co 0.50 0.32 0.16 0.02 0
DRt Co 0.40 0.38 0.22 0 0
VB 2 Cu 0.32 0.38 0.28 0.02 0
{55 54} Cro 0.38 0.38 0.24 0 0
5 R Cus 0.52 0.36 0.12 0 0
TATHUEHIE Cua 0.54 0.36 0.10 0 0
ZEFIHE Cis 0.44 0.38 0.18 0 0
P B SR BE Cae 0.56 0.36 0.08 0 0
ZRATANE Cir 0.44 0.38 0.18 0 0
VA PENLE Cis 0.66 0.30 0.04 0 0
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