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Abstract: Data and intelligence are the core engines driving the precision, efficiency, and safety of
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sustainable intelligent mining development. A system for intelligent mining data intelligence enabling technology
based on the "data-algorithm-equipment-ecology" four-dimensional collaborative architecture was proposed, and
an intelligent closed-loop framework covering data governance, intelligent decision-making, equipment execution,
and human-machine collaboration for the entire mining chain was constructed. The data layer established a
comprehensive mine data asset platform through standardized storage architecture and multi-modal data fusion,
supporting real-time data flow services and historical data mining. The algorithm layer combined industrial
mechanism models and swarm intelligence algorithms to construct a dynamic decision-making system based on
multi-objective optimization, achieving collaborative optimization of mining processes and safety-weighted
priority control. The equipment layer relied on intelligent new coal machine equipment groups, developing
equipment adaptive control and multi-machine collaborative linkage mechanisms. The ecology layer built a
"human-machine-intelligence-environment" symbiosis system through digital twins, human-in-the-loop
optimization, and expert rule embedding, driving the system's dynamic iteration. Based on the above framework, a
bidirectional coordination mechanism of "data flow-intelligence flow" and a layered decoupling logic were
proposed, achieving dynamic responses with millisecond-level equipment control, second-level algorithmic
decision-making, and minute-level human intervention, establishing a new mining production relationship with
bidirectional enabling between Al and humans. Using fully mechanized mining process as a typical scenario, a
closed-loop enabling path based on "demand-driven - data-driven - intelligent decision-making - equipment
execution" was constructed, establishing an application paradigm of intelligent mining data intelligence enabling
for fully mechanized mining technology. A cyclical process of "automated process execution — Al strategy
generation — human verification — human-machine collaborative control" was established, supporting dynamic
switching between multiple modes, including manual, division of labor, approval, and rejection. The deep
collaboration between coal mining automation and Al-assisted decision-making facilitated the transition of the
mining industry from the "machine replacing humans" paradigm to the "human intelligence enhancing machines"
paradigm.

Key words: intelligent mining; data intelligence enabling technology; coal mine artificial intelligence; Al

decision; human-machine collaboration

SR X 3 5 W AR A H R ZER, S T 0 W
FHO ST E R AR AR s
PR TR M PR R S A E A ROR . R R

0 35
TE BRI M 571k . B e i B A 1 =

i

B RERAT TN PRI TR 2 e b ay | HESh A
L2 £ ARG A2 e 9 0 B AR 1 B TR LB
Fi I R S L A TR B A R M, B L ATl
AR T | B PR By T fRp S A Jie i 22 T Bk A A%
GERA RO T 22 56 B3R, 3 LA X 52 4% il ot
AP A A IR A A F KA B PB4
FHOA; 0 10 VRGN | 54 R GE I R] RIS

Y RTAIEE SR F TR RE R AT S B S5 L A
BB X TR Rl Sadk
= YE bR K REMELR, RGBT B AR AR
T A AZ L R, R E e RS B R A R R
ARG & SRR L I T . E %
A WY TR R R R AL T R B R M R R Oy
], $2 TR R 6S HRIEM KR, RE
R E T BEAL T R B B QUH T 5 BT, £
WU R AR AT TR RE TR L IR R S @

ST W TN s, T SR BT R 4 M
AR B R SR R G, AR R T
B REAL X 58 “N—HL-3R" SER R ERHLE], £
WK T 28 LR A BRI e &, T 1
S22 ) 2R T T e 5 XA

T B R Y R CTROR S R
DRRBERL G, WREAL G0 L BITH ™ o BOR Tk RE e
PEAMYH AR S | oMl 55 A E A R A AR A il
G A by B — PR A 7 Ml BT A 2R 1) 07 BT A 2
RYHEA AR Tl AR m xS R
L TURHP A7 AE 1 Z a1 D Bis = 58— R 7
DR, 22 B2 B XE DL 85 R G 3 Bl -5 B A
@ 1 ) B 75 R B =, B K Sl AT AR LR
MG o O AL RIALE] 3 R L, B o T
DL N2 50 5 LA R AE Y ELAMA: R B 5 0 B0
X e S BOR BE R A 2R GME LA S B 4 U AR P IR



2025 5% 3 &

AR RS B IKARE AR MR 5 A E X © 3.

5 A TN EAL, i) A AR AT RO T AE
HEOR AR

ARSCHR AT B AE R A AT SRR
R A B W RE B AR A 2R, 8 4 T 0 B Bl
S IR | SRR I RS X A A
PR R]A PRAT 00 25 L Ke AL Rl ) R AR LR, 22 B LA
BRI CBO” 5 B RERIE D UL B 45
AR R

1 BERY “BRE-HE-EE-E£L hEREY

BRERA Bk AT DUGE bR 2
LA LTI TP N D < €L IS I R7 7S N 221
A7 0 ANHUARZS” A0 i, 38 3k 452 45 W) £ P 35 52
HRIBAS R , S B KR R A B REDR IR | RHE TR
Fri e BE A AHLER .

PR AHE 2R

A
AL 55 AT
NG5 Mk

Ei8I2
e R RS
AL LA
PR T

R G e AT
BRI RT3
I T2 AbRoR

W IR AT A
AT PR T R S5
E2UPIRCT e

B ERERT Bk R D4k R
Fig. 1 Four-dimensional collaborative architecture of "data-

algorithm-equipment-ecology" for intelligent mining
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Table | Enabling paths of data intelligence technology for four-

dimensional collaborative architecture
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Fig. 2 Principle of data intelligence enabling technology in

intelligent mining
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