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Research on intelligent mine disaster digital twin based on industrial Internet
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Abstract: The comprehensive control of coal mine disasters is a key problem to be solved in the process of
intelligent mine construction. It is an inevitable requirement for the construction of intelligent mines to realize the
normalization control of coal mine disasters with the help of digital twin technology. Based on the connotation

and essence of the digital twin, this paper analyzes the recognition rule of the digital twin and puts forward the
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application mode of digital twin technology in coal mine disaster research combining with data interactive process
of mine disaster digital twin. Real-time monitoring is carried out by coal mine underground disaster monitoring
sensor. The monitoring data is uploaded to the cloud through the edge communication module and cloud
communication module. The digital twin numerical simulation software is deployed in the cloud. The monitoring
data uploaded by the sensor is used as the initial condition parameter, boundary condition parameter and effect
verification parameter. The best optimization parameters and solutions are sought through real-time simulation
analysis and continuous trial and error. When the technical means are mature in the twin world, they can be used
to analyze, judge and make decisions on the best parameters and solutions for virtual entities. The decision
instructions can be sent to underground actuators to control the action of disaster prevention equipment. This
paper discusses the practical application of digital twin enabling disaster predictive management and control from
three aspects: disaster monitoring scheme optimization, disaster rehearsal and precise planning of disaster
avoidance route, and post-disaster rescue scheme formulation and accident investigation. Based on the "cloud-
pipe-edge-end" architecture of the industrial Internet, the digital twin service system for coal mine disasters is
constructed. The key technologies of digital twin for mine disasters are analyzed. The technologies include
intelligent sensing and execution equipment for coal mine disasters, simulation software for coal mine disasters
and common support technologies. It is expected to provide reference for the construction of digital twin-enabling
intelligent mines.

Key words: intelligent mine; coal mine disaster; digital twin; industrial Internet; disaster predictive control
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Fig. 1 Five dimensional model of digital twin
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Fig. 2 Recognition rule of digital twin

I ERCF ARG A B AR AN 3 s
Tt BT I T U WA SR A R A R AT S
U, 4 W &S 4 Can CO MR BE . CHL MREE . O ¥R EE . X
LM AR BE | TRUMR e ) A B S B R AT KU AR
A B AGIRAPRA WA RS | R R
AR L 38 RIS AT AR AS S5 B A R AR D 8 1o 3 23
FR. mumiE AR L e 2 R, BFRAERE
15 B0 B AE 2= v, ) AR B b A% 100 0 00 5 4l
VEROIR 5 S8 DRSS H BERBAES 3L,
Ze i SEIHF BT, i AW, SR AR
SHSRITT R o MH AR T BLAE A=A e R FH R
Jei XA SR (W e AR S8 e S SR HEAT AT
FIWT . DR, I T R84 2 I N HAT A, #EH K
EHIRREA N,

2 HFELEMAEE
CRIBE AL S FO ™ S0 W B I vk GRAT) ) v B

RETNEEE

BRI R B S I E LA T A B
FARA R G R Y AR | A | R e
AL, ST I B SR 5 25 A R Y R S R S i
EH, AR F LG PR SR AR R S
2.1 RERMF EHA

B R TG BTN IKO RS, KE K
ENZ, Hl TR BT ES BT, Xt
SR G B W | 3R BRAE DT S AW L R E H Br iy T4
TR AT REREAR A o DAReas DX BL v B rb s L 4l R
5 CRFR = 8D i S 80 R ), i As e 2 o
PR E =g AN P WM o E Y VA N S B2 B QWA o 3
RSO DE T RO HER AR o 5 5 408 14 1
A WK, 5 RO G, AT Rg s |k 17T A%
B, AR R K, 2R SR 23 DX i XUBR B2, DA T
SRS AR, 25 B ok, 2 ] e 5| A T R L
TR e il A A 20— U S T A, PRt 2 ik
TG X E .



« 26 . IH B % 49 &

|wj|%§||m| """ " ”| if@k%ﬁ&ﬂ@%%\ KT | TS 04 30 T AR
' T 45

wama, [T WO 2 H AR B 5 B, 4507 2 o
| | < BN T4 A X B 5 AU, e
[ T B Rk 2 WOREBAS G, 4 R R 5 B
IV B, AT ARG R R T, S T
VT ITE 4% 16 e DIk 5 ML, 01K 9
| SRR | VS HLHE . FCITHR AR AT U 85 AE BL | K k
RO 2 SO -1 I KLU B4 5, L 6 B DA ) 2 5 19
| L (e | e sk I B 2R, T N B T8, A B FU 3 5 ( Virtual

A W

3 MR AR BN A

Fig. 3 Digital twin data interaction process of coal mine disaster
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Fig. 4 Digital twin service system based on industrial Internet "cloud-pipe-edge-end" architecture
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