ISSN 1005 —2763 FABRE A F 455 F 12 8 2025 4 12 A
CN 43 -1215/TD MINING R & D, Vol.45,No.12 Dec. 2025

WA BN 2K R D EHLH
SIEHIERES S Al NETIE6

Bl B EEDE, x) ihk!
L 2B AR 4B, I K1 4101515
2.HZEZH %4 W R R 2Bk, Ws Ky 41015D)

WE AR FRAED TR L RADEOHE R ERAEELS R EZHB B G TG MET AN R H LR
EAERAR, EARBEARA-FEDRBMAER”, FATHMESRHKEBSERS“ A -FE - KL= LW R MH .
EHAEG ARABERFIHERAHEBEREL OPC UA XA —EL  HAHMBET F THAEHNFHEM; EHEESR,
ZiH AIRFTHES AN F o EREED, A A 5E&E5 T EREDIIH, AABAA TR EHEGTE, FEH
RER MERY % RBYE RS FRI 800, KM R EEZE 4.300; M 4L R A H 8 51 AR ARAL S8 & SR AL AL A, 38 K
e BB I 4542 609, 42 AT T AW R BARE R 5 bk AW & A S hAk Sk B b £ AR AR T R4k
FHIEL. ANARADEET LERRET R -HE -A5"HR ARG HEX,

KA T HRA LKA HR-HEWNR; 2 REERES;Al TEL R

i E 4K E:TD67 SCEEARIRAD ; A XEHE 1005 -2763(2025)12 0237 —10

Coordination Mechanism of the Intelligent Coal Mine Emergency Response System :
Multi-Source Data Fusion and Dynamic Al Authority-Responsibility Adaptation
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(1.Hunan Vocational Institute of Safety Technology, Changsha, Hunan 410151, China;

2.Safety Training Center of the Hunan Bureau of the National Mine Safety Administration, Changsha, Hunan 410151, China)

Abstract: In view of the contradiction between the agility of technical iteration and the lag of system renewal in the emergency
system during the intelligent transformation of coal mines, an effective coordination mechanism was constructed to improve the
efficiency of safety governance. Specifically, the “technology-system collaborative threshold model” was proposed, and on this

” ternary collaborative mechanism were

basis, a multi-source data fusion framework and a *technology-system-insurance”
constructed as follows. At the technology level, the federal learning was used to dynamically optimize the data weight and the
OPC UA protocol unified semantics, which effectively solved the heterogeneous problem of downhole sensor protocol. At the
system level, the dynamic adaptation rules of Al authority and responsibility were designed. At the insurance level, the linkage
mechanism of algorithm filing and liability insurance was pioneered to systematically fill the gap of intelligent emergency
system. Empirical studies demonstrate that at Yujialiang Mine, multi-source data fusion can increase operational efficiency by
80% and reduce the false alarm rate for gas emissions to 4.3%. Meanwhile, at Hongqinghe Mine, introducing an optimization
mechanism with an environmental priority coefficient, can achieve a 60% reduction in ventilation response time. In summary,
the constructed coordination threshold model and its implementation mechanisms provide a crucial quantitative tool for
transforming coal mine safety governance from a passive-reactive approach to a proactive-defensive one. Furthermore, it
establishes an innovative paradigm of *“technology-institution-ecology” synergistic development, thereby advancing the
construction of green mines.
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Fig.1 Dual-dimensional model framework of

technology-institution synergy
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Fig.2 Optimization trade-off analysis

of data noise suppression
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Fig.3 Overall architecture
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Fig.4 Fusion process of four-dimensional data
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Fig.6  Algorithm filing and responsibility sharing business process
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