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Abstract: The engineering basis for introducing large models in mines is established through the long-term accumulation of
digitalization, automation. and specialized models. However, the integrated understanding of complex risks by safety systems
is still hindered by fragmented data, isolated knowledge, and the disconnection between early warning and response. Based on
the technological evolution of intelligent mines and engineering practices, the prior foundations, including platform interfaces,
specialized tools, multi-source safety evidence, and domain knowledge, were examined, and the differentiated requirements of
high-risk scenarios such as goaf, tailings pond, and hoisting system were analyzed. The study suggests that mine safety large
models should not replace control systems and on-site responsibility chains, but rather serve as a “cognition-and-proposal layer”
to participate in multimodal understanding, risk assessment, mechanism interpretation, and solution generation. Its outputs
should be checked by data evidence, professional rules, mechanistic models, protection interlocks, and human review, and
routes for rejection and safe fallback shall be retained. Data governance and knowledge base, cognition and proposal, constraint
checking, on-site response, and outcome feedback are incorporated into the same accountability chain by the resulting layered
collaborative architecture. The engineering value of mine safety large models should possess interpretability, traceability,
verifiability, and fallback capability.
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Fig.1 Data dashboard of intelligent mine IoT control platform
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Fig.3 Layered collaboration framework for mine safety large model
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Table 1

Large-model tasks and collaboration interfaces in typical mine-safety scenarios

Y R B A

VA SR BUE 55

KRR AT 30 55 2 A iR

HeRY R K MR I
e Gi— T RO LA RS IR
SRR A R AR R O B W

AT T i 5 .

| 58 20 5 o R AR S R AL
Az RCB 43 9%, wb T M IR Ak B

P REE PRI A L BRI R B S O R KA
e s AL AU B %A S A DR R A e 8
T84 . IR AS R SOHLBE AR o I 1R = R A B
T A A RN T2

AR X 32 A7 K (R IR IR T 2R L IR R TS AR L R
E S LS, JENING I AN  VAN IR 1 27 NN S R S R o

B %

AR AG B R B T IR . AL RIS L,

M 0L Lt AL 9B R O L RRE PR
T R S A A 5 Ak A ol TR AT EE A
0 S AR IR i R GE L B AR ST T
HORGEE  TRES M ELE .

VA RGBT R IS RS R
RIFRGE TS 05— H 2R S
U R AL

P BE A PR AP B L3 A R A A8 A o L 18 I A Y

BEATRAS IR A AR L A A AR BN DA s BB S A AL R S S O S
F FBIF I RS 18 7 28 R AL

B TS e 2 e DRI R T R S A A R 9 L R
JEUAT M0 T Ik LR B AN T A

(1) Rz DXRURE O 5 R R U . U= BT
RLA% N T SR Bl T A o AR TR A TR A A R AR
A WORSEE 02 | I DS TR R M T A L 2 S el
9 T T D SR OB Sl SR e 4R It 3
Fil 2090520 S IR L 4 SR 3 SR 2 DX M R B
TG — ALV X 7 IR A 7 7 RAS Ay
SEFF . OB AT i R 22 IR S 2 A G R IR R T
JRIG: 735 A0 0 Ak 38, fE 2 5 A7) A0 3 A
TEPEVEOT L BRI R AT BT S HOM L KA Aok it
PR3 5 TR AN 2 BOHLBR R b 9 ik, Rz (108 2 B AT
1 P 00 A A RN TR E 2

(2) B ERF WM SHMERE, B %,

IKASE B AT a8 A e SRR g Bl R 72 0 S ] LA SE
FrR R f U 5 S e i, R B 2R AR L B
A AU PFA1 R HK R0t 00 U T 5 200 U R L
AR BLURES S I e BRI 43 DXt
KB AT IR AL ARG AR X 22 IR B8 SR AT I P X 5%
RASEHL AT HE RS fifp e IR Bl 2 0, (LRt RS
86 A 7 ASE B 7 28 W) IS 0 B4R W DO R L TR
Ab BT A A AT P . AR AN R
ol o IR 2 P O e AR ST T B A R T R
2.

Q) I RG /LR, R BH
Gz AT H K A8 10 % R i 48 ] BE % SR A IR



240 g LB R S5 A

2026,46(9)

il S R E P S VR KSR o8 5 =) QR TR I VI
RS2 W 25 HLAS AF Tk 9 K 90 4§ iF 7 #1243t
TR S AR SRR S R B — 15 A L
PF TR IR 5 5 5] g 1, AR A 12 W 4
B AT LR RN A8 b o I R AR O R R . TR X
— e A IR AT LI BN TR A A
AP AN T SRR A AT I S B 0 S R R Y
H R v IR A e s 7 o 5 RS R R P R A A
D41 | R 3P 56 B RN N T A 4 I
34 NEZSEREIAZHRAR

BN 3 5O BE AR T DL 5E R A R A 3 {H
DA ST B 98 W D0 L 43 BT L RE L AE BRI 25 R G
T A SRR R TR IR AT 55 B R
ROFHR IR, S HEES RS AR P Ab B 5 IR [l 4%
FR0HE 5 PR HE . X L BT UL P BR L 9 R fR AR AR
HATHE A B P o i (AR R A AL Ak R
FARTE AT 38 B 0l 554 . R — 30 i XUIS: 3 A 32 1
22328 AH R R DN AR TR AR RN BT A, ORI B
1E BEGCRNN T 348 51

W KRBT TN HE ) 5 5 28 A Wi o A0 0 2
SRR AZ TN I 37 b 68 FRA T 7™ A B E TR 48 3 E 19 Ml 55
RGN A F T L TT B | 40 B R EE W 4
PIBR . 5 L DA A 5 SR 7R 1 {8 ) 7 | B AR 4
SR BT S D0 LA TRk T S B E | T A S R
WP 2 S ) R, T L2 G AR ) TR A (B, R AY
e FRIALRE ) R TR R Ll T H Ol
% TR RN A FRE A TE LA — SR R

4 TERMABERZLS EEH B

W L 2 A R R Y T N P G0 B A L A
RN AAZ AT 55 36 A0 PR A0 56 UE 45 SR 5% 20 3 A
RS 5, B FBLRLRE ) 898 2 ZU504E
ARG 1 SR L Az 5 R R o E T H RE T
BT S B
41 BAARSZERHELE

B 1N S R M i B R 9 S B
e N B DPRTT B B0 0 4 H 57 58— A B I e 1
TN X 55 A b 5 B i) A R B B A
WA RGO 2 15302 A7 LR B 5 BE )5 b
WAL Ol 55 SRR AR A B 3™ . XA
S5 LB BT A B R IR L3l AR A RRRAS O 5
N 0E Ik Lot 3 VAP~ e = I s

IR R B M L M N T L AR A i R e
B 42 ] A5 R Sy B e AR T LR AR A T e
1B 2 5 3 gk Gt — e 1 RIS, PR 1R 38 ok ki T BT
IFEPSE/IS

ST TR E T 6 4 2R 3 < RS AP i B DML AR
[ 25 2R 3 L OB £ 3 T A O L R
TR AR 5 B S He A TN AL S LR T AL T
JRE AR fift B 7 8 L 3o R U 080, O W £ B 4 ik
B 37 N T 52 A% o BR ER M i s B R LU 5 7
W BERSE J o P30 2o R A A I R R L4 R S R
Gt WRBGSNERE AT 55 R GRS
BN BPRAT i A O B ACRR B s N T A A 22
1R e F7 . 2 5 &R UL AT 4.

iR ip T ZIEEA - REBE

Y

PRRB - PIREE

Y

HEE FUIERL - ZARSIEE

v

B REIR T E & - TRIRA

Y

SR BEAFEW - IR P

£ M - B - AUREH - ZEER

4 FUREXERWBHEZHKEZ
Fig.4 Progressive development path for

mine safety large model

42 PRSI EHRITNERNE

P X RN BE RS AR 2, S R
BAG A R PR AT IE B L KU B9 B0 ) 5 T AR
DR AR AR A AR 8 55 AR E M O R BGE N L SR Y
W RAF O DL e WL A2 B SR 4 Y SR
X AR s K ZINRE AR 2 o] RS T A T H
FOEH LA S AR Ll AT EEAE

— B AT AT VA R 2 2 /0 B [ I LR R | R
R 55 . AN 2 06 TR v R R U | R
S B s RGE)E R A H T L) R N B A PR
Pl B O 9] R G A 5l 55 R IR TIUE R A
BB ROE R TR AR R, U
LRGURURER RS . i TR W6 0 Fh . 3
SRS R IR 2 05 0k G skas AT R B A
RE LA — Vi i R AR KW AICR
43 NBEFFEWIEE@ITLEEN

Bt 0 TR A7 A B AN Py 2 B AR



o

MFEERT LR R EERELBE S EWREMI]F LR EFE.2026,46(9). 241

g ] 25 RICRE i BB AR R A AR A L AR
Pl T B IR N BRI 5, 4l 55 AT RE O
JE B RT 36k A 07 P 9 5 B P A e i i
4 REAELAL PN B AT A A . SERR A Lol /M
TR BIL TR R 47 1) 28 G AN 2 A IO < R £ 57
S A AT 5 AT 55 2 1 5 7 oMl A TR £ 5 1 SE X R Y
3 BT RG FEE 5 BILEE AL U 7R HH 22 e A s P i) R e 304
BRUG 5T ST .

X LT 5 R LA R i 3 A TR
DREA RGE AL T BE T JEUR 2 B 15 8L B A
55 R R I RS B AL AT IR A5 X
IS 35 M A9 D AR AR . SRR Y AR SRR [R] T 8 B
Gy R )2 s AR AS [R] Tk A A 4 4 122 A s
A GERY ] S O T 0 A AR BB fE
B S T AR B 7R 3 ) SR 1 O U AR

5 4iE

B KRR RN L
TR 2 A RS AU R SR i Sy R AL
AH 122 A 4 N R T B ARl . AR SO A B
FHOCHFSR 5 TR 52 B i B At b, SR 7 1L 22 4 KR
T G B [ A 2 BE A5 2E & b Ak [l 25, T 2 BE
TE 1 W72 SN 25 KUK TR L T 38 A ORI 55 B3 I
B KB R 7 N S 4R R O i g A a3 S
RNV e AR AZ B3 AT R Il B 1Ly )2
P S A Bl T 70 1) B A2 B Aot AR R 2H 2 g 14 [
A DR B AL LR R BRI N TS AT RE . RS XL E
W PERNRTH R GE 0 MRt — 2 U B 2840 vh il 52 Y
JEHE FURMTEAL 4 107 2R B0 38 A A B U A 22 4
MR 7 R 7 e B e e 2 AR AR H L LA )
F e AT A AZ L T AR 2 R B W A AT (] R AR D A A
i AR SEIE AT I 22 55 B e P B ATl fR
2 % 30K (References)

(1] e RSOME, REDNE, %5 4 8 07 L TR &1 8 fg F R SR It
Hergm Il EA G K%M, 2021, 31 (11):
3409-3421.

Cai Meifeng, Tan Wenhui, Wu Xinghui, et al. Current

situation and development strategy of deep intelligent mining

in metal mines[J]. The Chinese Journal of Nonferrous

Metals,2021,31(11) ; 3409-3421,

(2] EBCAC AR, AR, 45 & 8 07 L R AR B SR FUIR 5
JEB[)]. TR 2 2442, 2025,47(5) : 971-983.

Wang Liancheng, Shao Anlin, Qu Fuming, et al. Current

status and prospects of mining technology in metal mines

[J]. Chinese Journal of Engineering,2025,47(5):971-983.

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

TR AT B UK S S B R R B LB AR A S
B T L SRR R[] R 224 . 2022, 47 (1) :564-578.
Ding Enjie, Yu Xiao, Xia Bing, et al. Development of mine
informatization and key technologies of smart mines based
on digital twins[J]. Journal of China Coal Society,?2022,47
(1):564-578.

Barnewold L, Lottermoser B G. Identification of digital
technologies and digitalisation trends in the mining industry
[J1
Technology,2020,30(6) :747-757.

International Journal of Mining Science and
Van Eyk L., Heyns P S. A framework to define, design and
construct digital twins in the mining industry[ J]. Computers
&. Industrial Engineering,2025,200:110805.

EEHR 5B, 2R, %. LT ADGIS B R X = F &
SR AR T SR L] A4 2023, 48(7) : 2626-2640.
Mao Shanjun, Jing Chao, Li Tuanjie, et al. Research and
application of key technologies of intelligent mining area
cloud platform based on 4DGIS[J]. Journal of China Coal
Society,2023,48(7) :2626-2640.

TR, TSR L T, AR AR B R Ll AR Ik R TRORE ) 2
HEBEHETE L)) MR 8], 2025(16) :32-34,

Zhang Bai, Qin Meiman, Kou Xiangyu, et al. Overall
planning and  construction of intelligent non-coal
underground mines [ ] ]. World Nonferrous Metals, 2025
(16):32-34.

T2, 1 T, RFISCL 5 HET CiteSpace 19 E N T #7 1L
SCHR AR P 1 2 B L1 BTk . 2024, 40(3) ¢ 1-6.

Qin Meiman, Kou Xiangyu, Wu Diwen, et al. Analysis of
domestic digital mining literature knowledge map based on
CiteSpace[ J]. Modern Mining,2024,40(3) ;1-6.

518 T PR BRI, S R R LR E AL S R Rk e
PREERE L) R H R ,2025.25(4) :231-235.

Kou Xiangyu, Dou Zeping, Yan Debo, et al. Data
management and information security assurance measures
for intelligent mines[J]. Mining Technology,2025,25(4)
231-235.

TR S, 5 T, R BLAR A5 L IR A BB R A R
A R R AL R R . 2023.23(4) 1 222-226.

Ma Tianyi, Kou Xiangyu, Zhang Yixiang, et al. Research
and application of the basic system of information
coordination platform of geology, survey and mining in mine
[J]. Mining Technology.2023,23(4):222-226.

WML, B SRS L S0 L R Ak W 5T B B 5T R4 B
()% B A .2023.23(5):189-193.

Tao Hongming, Wei Xing, Zhang Yixiang, et al. Research
and analysis of intelligent supervision platform for mine[ J].
Mining Technology,2023,23(5):189-193.

XUUEE B, B A5 TP R I R R LD 2 A A

AR S5V R HAR ,2024,24(4) : 301-304.



242

g LB R S5 A

2026,46(9)

[13]

[14]

[15]

[16]

(171

[18]

(191

[20]

[21]

Liu Haiyang, Zhao Ziwei, Huang Shuang, et al. Discussion

and research on integrated management and control
technology for intelligent mines at CNNC Jinyuan Uranium
Industry[J]. Mining Technology.2024,24(4) :301-304.
TR AT BRI SE B T I L AL BRIk A
BB 512 Wi [ ] 5 5 2 4. 2020, 45(6) : 2308-2319.
Ding Enjie, Yu Xiao, Liao Yubo, et al. Key technology of
mine equipment state perception and online diagnosis under
internet of things[J]. Journal of China Coal Society,2020,45
(6):2308-2319.

IR e LI A (0 A < S 7RSS S O NG (A BT/ o
IR il BIF 5 B o Y S R [0 0. M i % 4T, 2023, 48 (2)
1085-1098.
Bao Jiusheng, Zhang Quanli, Ge Shirong, et al. Basic
research and application practice of unmanned auxiliary
transportation system in coal mine[ J]. Journal of China Coal
Society,2023,48(2) :1085-1098.

Li J G, Zhan K. Intelligent mining technology for an
underground metal mine based on unmanned equipment[]].
Engineering,2018,4(3) :381-391.

Chimunhu P, Topal E, Ajak A D, et al. A review of
machine learning applications for underground mine planning
and scheduling[ J]. Resources Policy,2022,77:102693.
Astrand M, Johansson M, Zanarini A. Underground mine
using  constraint
search [ ] J.
Computers & Operations Research,2020,123:105036.
TSP R L E L AR R 4 I SR AR VR B 0 LT
AT o Rl H AR, 2025,33(2) : 255-268.

Tu Siyu, Xu Shuai, Hu Jianhui,

scheduling of mobile machines

programming and large neighborhood

et al. Research on

simulation method of underground metal mine mining
operation scheduling [ J]. Gold Science and Technology.,
2025,33(2):255-268.

RS Pt B A 1) T SR U AR T 4 U R A R
AL R A ,2025,25(1) :263-267.

Ma Tianyi, Tao Hongming, Kou Xiangyu, et al. Whole-
process management and control technology for intelligent
ore blending in underground mines[ J]. Mining Technology.
2025,25(1):263-267.

ST, BT 8L S0, B ML NTERE R IR T is e R &
R L) ] R AT £ R, 2025, 25(2) 1 215-218.

Tang Yinyuan, Zhao Ziwei, Cai Shuang, et al. Application
of an ore transport robot in cage hoisting transportation
systems[ J]. Mining Technology,2025,25(2) :215-218.
Zhang G, Chen C H, Cao X G, et al. Industrial Internet of
Things-enabled monitoring and maintenance mechanism for
[ J]. Advanced

fully mechanized mining equipment

Engineering Informatics,2022,54:101782.

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

Sreedharan S, Gopalakrishnan M, Nair A, et al. Harnessing
digital twins and industrial-IoT for cutting-edge mining
automation: a methodological and technology assessment
prototype[ J ]. Computers & Industrial Engineering, 2025,
200:110871.

ZEl MR AT e B L AR R T ORI BRI GIS MM £ R E
TRV 8 e Rl 5 90 B R [ ] s B2 B R, 2026, 54 (5)
28-42.

Qin Kai, Ye Jinjiao, Shu Longyong. et al. Intelligent fusion
early warning technology for multi-disaster risks in coal
mines based on large models and GIS[J]. Coal Science and
Technology,2026,54(5) :28-42.

Dong J Y, Li] Q, Li Y C, et al. Knowledge extraction and
alignment for mine ventilation: a knowledge graph
construction framework based on large language models[ ]].
Engineering Applications of Artificial Intelligence, 2025,
162:112726.

Jiang Y J, Nie BS, Wang J H, et al. Large language model-
driven knowledge graph and intelligent analysis for coal mine
accidents[ J]. Measurement,2026,277:121558.

W AR W AT L R A e AL 3l A T A A
Boni FCTD B 5 241, 2025, 50(6) - 2823-2836.

Cao Anye, Li Maotao, Yang Xu, et al. Construction and
application of foundational models for intelligent processing
of microseismic events in mines[ J]. Journal of China Coal
Society,2025,50(6) :2823-2836.

E AT AR L AR OK R AR Ak B T AR B
KA AT B4, 2022, 47(2) :883-892.

Wang Hao, Key

Dong Shuning, Ji Yadong, et al.

technology and platform development of intelligent
prevention and control on coal mine water disaster [ ]].
Journal of China Coal Society,2022,47(2) :883-892.

Liu CF, Wang EY, Li Z H, et al. Research on multi-factor
adaptive integrated early warning method for coal mine
disaster risks based on multi-task learning[]]. Reliability
Engineering &. System Safety,2025,260:111002.

Shi J] W, Zhang Z Y, Li L N. A multimodal full-cycle risk
perception and early warning model for mine water inrush
disasters [ J ]. Reliability Engineering &. System Safety,
2026,273:112362.

Liang R Y, Zhang C G, Huang C R, et al. Multimodal data
fusion for geo-hazard prediction in underground mining
operation[ J]. Computers & Industrial Engineering. 2024,
193:110268.

BT RS ) L AR X T AL 2 AR A R G
Bt R R BRI FE [ ] R, 2024, 24(5) - 255-260.
Zhao Ziwei, Qin Meiman, Kou Xiangyu, et al. Design of
visual emergency command management system and its key
technology research in mining areas[ J ]. Mining Technology,

2024,24(5) :255-260.



}

23

¢

BT FFRT L REARRGRER LRy AR RMI]F LB R 5 IFE,2026,46(9).

243

[32]

[33]

A IH R A MG 6 A5 A 1 T DX R D R e U
PE3 0 BT TR H0R . 2023, 23(4) - 227-232.

Kou Yongyuan, Cai Shuang, Kou Pengfei, et al. Discussion
on event classification methods for the microseismic
monitoring system in Jinchuan No.2 mining area[ J]. Mining
Technology,2023,23(4) :227-232.

AN AT DR B TR AR A BOR R S
ST R G S IR ] &R BT 11, 2026(2) : 236-242.

Wei Jie, Fu Botao, Su Hetao, et al. Construction and exploration

of real-time analysis system of tailings reservoir based on

digital twin technology[J]. Metal Mine,2026(2) :236-242.

[34]

[35]

g ak /N e S L S T AHP-EWM 5 2 I8 ) 2
B 22 A MUK 3 35 WS SE A [T 0. & 08 0 1, 2025 (7))
172-181.

Feng Wei, Zhang Xiaolong, Tang Lihe, et al. Dynamic
monitoring and evaluation of safety risk in tailings reservoir
based on AHP-EWM and multi-source data[ ]]. Metal Mine,
2025(7) :172-181.

Sun E J, Zhang X K, Li Z X. The internet of things (IoT)
and cloud computing (CC) based tailingsdam monitoring and
pre-alarm system in mines[ ] ]. Safety Science,2012,50(4)
811-815.



