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Abstract: The automation of coal mine production processes has largely relied on artificial intelligence (Al)
technology to analyze industrial data. However, Al models developed for single application scenarios prove
inadequate for the complex environments in coal mining. Relying solely on distributed computing to process the
input features of Al models has led to decreased application efficiency. To address these challenges, an automatic
reasoning technology for Al models in coal mine industrial data was developed. The system architecture consisted
of three layers: the data layer, the computation-driving layer, and the model reasoning layer. The data layer

gathered and stored various types of monitoring data, supplying raw data to the computation-driving layer. The
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computation-driving layer converted this vast amount of raw data into input features for Al models tailored to coal
mining applications. An automatic switching mechanism between two computational engines—based on the input
feature values—intelligently selected either Spark-based distributed computing or Python-based local computing,
depending on the data volume, thereby resolving the issues of slow processing speeds and high latency in large-
scale data applications. In the model reasoning layer, the input features were fed into the Al models for reasoning.
A collaborative reasoning mechanism, with multiple triggering methods—scheduled, manual, and feedback-
triggered—was introduced to enhance the effectiveness of Al models in complex coal mining scenarios. The

results demonstrate that this technology enables rapid calculation of input features for multiple AI models across

different application scenarios, as well as fast, automatic, and collaborative reasoning.

Key words: coal mine artificial intelligence; coal mine industrial data; AI model reasoning; large-scale data

computation; Al model application
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ALBERY g AR AE (LSO 5 | 28 A sh DL, AR
Kt Ak B S AR B ) ) 2B E R T Spark #9731
IR BT Python B HANLITEAT7 30, Kt ia 3
4 5 A {EL 20 128 70 A7 AR a0 b, S A58 R0 e B
JEARBERF AL

A T i LT 1 A TR R U R | TR ik AL o
MEE TR IR, 1833 Keras, Joblib 25 AT T E¥5 MARESL
b 2 IR R I B A 37 5 AT R R AT HE S,
RS BRES SRAE AN B o A A P
Hh TR B4 37 5 ATASE AT AN [] £ 4 B fiph K2 7 =X
Lo fih 5 25 A, BRI, BT IV 37 5 AR AL 2 fih
He 77 A ORI AL, 8 ik . NS
{5 RSt i 3 iR AL B fh 2 J7 B R B

2 FAREZD

2.1 MR %R AL R S N AR A3 S 5] B
B h by A

I N 3 S AR AL R AR AR B0 5 | 3
H s YL an &l 2 BrR o Je b AT 5o s 0E A,
Hd B KT NOV R B i B ED , R A 4 A
B A O S L R R T, IR e s
A I FAER o AT AN 6 A -u<6<u
(t5=t1—t, tq I IA]BI(ED, B3 A 235 A B b 54
FERTAHZE AN K, HAAALTHEE e IR 78 /2 , WA S st 6 o
MU, B A A 28 37 6<<—ta, BI0 A X
A FERT H ML A RE A A A5 22, W o A X
B, AU AL

P2 A B AT BURA ARHIE (5515

EESIZIEV IR
Fig.2 Automatic switching mechanism of dual computational
engines for Al model input eigenvalues in coal mine

application scenario
22 BEERY R AVER S A 5 X R EE

A

TE 5 — N F 3 5e AL RS HE S B % 1 an F
3 i 2L ik o Ty =X

1) el % o o B M & S A 45 B R A 4 B
(] S A Iy FH S 750 s oS S A8 o A5 1) e R R
V) A foh A 75 e B P B () 1) B, A 2 s (1] 1) B
E I fih A AR HE R I A

2) NAZH Sk o N R AEH. fil A 45 P i it
Tk 37 5¢ APP &3k 38 K e, fih % 1z 9 102 FH 3% 5%
AT BT R

D AFS R E . (55 Rl R 28R 6 4k
PR, RS R IR P R TR R S, Y T
55T AR fioh % SR A, S e AR A P R

I K Sk 2R R R e T e R ) s ] [ B 2N T
(L, DO AR A B Ao AR S 2 P M i, 3 S AN 0 2 1) AR
Bt

TEZ 0 50 ATBERY B[R] RN, Ay 42 5 e 3
SR | bk Z AR BRI HOA R, DA 2R O OF
TTAT Z 0 o ATBERUHERE SRR, (W) Ao AR 40 45 17
FH Y 5c AT BRI R FH A5 SR BCBOH 6 1 s B 7R 4
P fih % 97 =
3 BEARMK

S Ee AR AT AT 0, i 5 IR I I i A



2024 £ % 9

R BEE. By T EAIBA AHEERR

. 141 -

T 37 285 o e R 0 AR R T CRRT AR AR AR 1) AN
K T AR P S SR [ Sk e AN iR 3
FERI D CRRIARAR Y 20, HRZRA NI 3 R o

J5f
it

Linux1
[Python 25 | Wiz |

Spark 3795 1
Linux2 Linux3

&3 e

Fig.3 Testing architecture

TE 1 559057 4528 Windows Server #21F & 4t 1) il
55 oy BB RO R A A o IR ST AR I A 24 1%
5220R 4bFHES . 32 GiB INAEHI 4 TiB [ 5808 4% K )at
U BE A7 6 1 IR 5525 19 InfluxDB 20405 2 v, I FH 4L
I FRE AR B WA it 7E IR 55 & 19 MySQL £ 5
R

¥ 3 BEMERS N Linux MRS 2508 14 F
WA 2 A L 1 3 B IRS A LS Spark 47
A PRI, () I 275 IR 55 A B A 2 I e I 1Y
BT
3.1 AL AU AAFAEE ST H 5] 5 8 Shdn ke oK

4y 5 f# A A F Python B9 PR AL 11 & 1 3 T
Spark 19537 SRR BCE HEA T AL B, S5 H ANl 4 B
Ro ALE YRR RN T 5000 U7 AREE, (AT
Python Y AL 15 A1 3L T Spark (95347 = F 5 #50]
X R AT AR B, HAERURE B/ T 2 200 T3 A5, JE
T Python A FRLHLIH 53 Ak 2 50 B W R S 45 s i
13 5000 J5 4, 2T Python A SHLITFE 45 BN AF
Tt 1L R, OV X G A T AR B

00 Spark
600 f — Python

500

w
(=3
(=]

b B i) /s
8

200
100

0 2000 4000 6000 8000 10000 12000
Bl 3 %%

K4 B HGE ) L
Fig. 4 Comparison of data processing rate
LA 1R R RS, FlEC 1 d Y S 4 ) s (2
4000 J7 400, # M4 5 min SE47 40 AR BIEAAE i

BT BRI AR o AR 2 W I, Sl 0.5 h
8 SR 1 B AT R (2 70 1 400, it i —
PR AR 2 I AR . REEY 1 AR 2 A
TR S AR IR I, 25 315 07 SRR B L3R 1.
S5 R TR 5 1 5 A Sh YT H AL Al B Xt 45 R
M5 ALK Sy ARRAE(ELAY T BT R A R e R
SLYE g R W
1 BRUE ARHE(E TR X LE
Table I Comparison of time consumption for

model input eigenvalue

. X IR =) (18 e A XA B1% A 3h

e FE/s FEMT/s YIAERT /s
i) 344 100 100
T2 3 18 3

32 ALEEA % fik & o X PRl 4 2] X
BEE AT 1 B fish & B 8] [B] B 28 10 min, A7 2
S IS fih 2 B5F 18] 6] >4 5 miin, #5570 1 #5090 2 343 HE 3
IO 2, WA MBI 1 MRS 2 1Y 3 B &
A4 %, BHAE 2023-09-01T16:15:04 I, #5241 1 1
BEAY 2 [a] I fih e HE R, JEAT A TR A HE I 2
F2 BRI il & A S

Table 2 Partially triggered reasoning record of models

R TR i i 2 i i finh % 7 28 HEHFERS /s
il 2023-09-01T16:15:04 E R fi & 1.7
iR 2023-09-01T16:15:04 E B fi & 15
[EEilb) 2023-09-01T16:17:36 ERepAL, 3 1.5
el 2023-09-01T16:19:25 NR3EH fil 1.7
FiRI2 2023-09-01T16:22:36 E R fi & 15
el 2023-09-01T16:29:25 SE I fih & 1.7

4 HARRH

MRAEATY 1 R 2 W T A9 5 22, JF AR Tl
Y55 APP, FfR ASRAE H S DU 56 R Tl
Bes AUBTY [ S B EOR B A

APP F85E NHTT L p4 22 oMk CER DA FR5TAT
23 A R 2312 AR, 280 6 1A DL ERY Tlk
Rpikazty, AR 3.

#3 NG
Table 3 Application results

Bl BRI IR ST REm s BRI FIPRERT /s

(x| 29420 100.6 1.57

2 57620 3.8 1.42

M 3l B 1 B 2 B Tl Bl i
FERSE , HRE AR P 25 1 B gy AR (T3R5 25 B



- 142 -

5 8k

% 50 %

PP PR BT 7 3, AR B g AR (TR e
I, SRR Fr) R A H

5 it

D B Tk Fcdis AL B 3 BB R 2248 4
B = RIS R MR, AR K
B 20 0 T 37 e AT R IR Sy AR (B WA
15 A S U1 ALH], AR B G Sk Rl
FHEE T Spark 1434 5 7 2L T Python [ 5
U5 =X, e 7 s B TS g | EdiE vy ]
SIE IR R ) ) 5 AR HE B 5 | AR N FH 37 5 AT A
R Z i e T B [RIHEBRAIL G, 38 2k o I ik A . A R4S
ik AF S i A 3 Rl & =X gD T AR
522 W AR T B — i 7 5 AR RDR] FH R
251 [

2D 38 3k S 5 M AN B A7 0 B, Sk T
LR S 2 N H s AT TR g CRRAE (B A PR
B, LU TE B 7 5 ATBE ALt 3l
P E R

2%k (References):

(1] EBERE, B SOF, M. B8 LR E R RS K
JEEAR[T). @A Lh, 2022(5):1-9.

WANG Guofa, PANG Yihui, REN Huaiwei. Research
and development path of smart mine technology
system [J]. Metal Mine, 2022(5): 1-9.

(2] EBEE BOE, A SR 58 R R
R AR 0], B 241, 2019, 44(1): 34-41.
WANG Guofa, ZHAO Guorui, REN Huaiwei. Analysis
on key technologies of intelligent coal mine and
intelligent mining[J]. Journal of China Coal Society,
2019, 44(1):34-41.

[3] kg, 3FE. B EY L DV IR E AR SRR [T].
PERBEERIAR, 2022, 50(5): 238-246.

ZHANG lJianzhong, GUO Jun. Discussion on industrial
Internet technology framework of smart mine[J]. Coal
Science and Technology, 2022, 50(5): 238-246.

(4] A9HH, Z— L, 25, &5 F—AUR BRI N T3 hE

T e B AW 7C 4554 (7). Lo H 34k, 2023, 49(9):

122-131, 139.
FU Xiang, QIN Yifan, LI Haojie, et al. Summary of
research on artificial intelligence empowerment

technology for new generation intelligent coal mine[J].

Journal of Mine Automation, 2023, 49(9): 122-131, 139.
[5] AFH, 85, W%, . SRRMES R h HIRLZ

B AL Al 2] 3R 45 (0], Bk 4R, 2024, 49(3):

1717-1730.

FU Xiang, LI Haojie, ZHANG lJintao, et al. Multimodal

human-machine control

collaborative system  for

[7]

(9]

[10]

[11]

(12]

(13]

hydraulic supports following the shearer in the middle
range of fully mechanized mining face[J]. Journal of
China Coal Society, 2024, 49(3): 1717-1730.

PUBEE, AR, AR, &5, MR SCERIN 25 X Sk S 4 ot
S T]. TH A2, 2022, 48(10):26-33, 81.
JIA Sifeng, FU Xiang, WANG Ranfeng, et al. Dynamic
evaluation of support quality of hydraulic support in
space-time region[J]. Journal of Mine Automation,
2022, 48(10):26-33, 81.

SKARE, AR, TFARIR &5, R AR I 0 S 4
SR A A 5 N T s s 2 (7], T A sk,
2022, 43(10):20-25.

ZHANG lJintao, FU Xiang, WANG Ranfeng, et al.
Manual regulation and control decision model of middle
hydraulic support cluster automation in the intelligent
working face[J]. Journal of Mine Automation, 2022,
48(10):20-25.

£, BRI RBATE. TAFH SRS R 7 55
FEBEBEAR [T]. BER 24, 2018, 43(5): 1471-1478.
FU Xiang, WANG Ranfeng, ZHAO Yangsheng.
Investigation of hydraulic system simulation and fluid
feeding technology with steady pressure of working face
supports[J]. Journal of China Coal Society, 2018,
43(5): 1471-1478.

A5, EIR BT, W SR AL IR L AT A )
BREV SRR [T]. SR 2441, 2020, 45(6):2065-2077.
FU Xiang, WANG Ranfeng, ZHAO Yangsheng.
Intelligent decision-making model on the of hydraulic
supports group advancing behavior to follow shearer[J].
Journal of China Coal Society, 2020, 45(6): 2065-2077.
HIms, 2, B, & 5T ol DK BVER R
K E A =47 7o B WETE D). R BOR, 2022,
41(10):203-206.

XIA Xiangxue, YAN Tao, LIAN Huiqing, et al.
Research on 3D simulation platform of coal mine water
disaster escape based on improved DK algorithm[J].
Coal Technology, 2022, 41(10): 203-206.

R, AL, WA, 55 2T LSTM M2 B 8 &
TR T7 0 5T (0] BERBLE 4R, 2021, 49CHEF) 1)
150-157.

LIANG Shua, WANG Shibo, XIE Yang, et al. Study on
dynamic prediction method of coal seam thickness based
on LSTM[J]. Coal Science and Technology, 2021,
49(S1):150-157.

R S35, HEASE. BT BP AL R 25 (R IEH LR 1 i
LY ] [T 5™ HU 2020, 41(8):197-199.
LIU Litao, DONG Shutang. Adaptive speed regulation
control of shearer cutting based on BP neural
network [J]. Coal Mine Machinery, 2020, 41(8):197-199.
T, g, B, 55 BT GAN M2 I HES EUGREA
A RTTE LY. B AR, 2021, 46(9): 3066-3078.
WANG Xing, GAO Feng, CHEN Ji, et al. Generative



2024 £ % 9

R EF:

WA T3 AL A g FHIEEH KR

. 143 .

(14]

(15]

(16]

(17]

adversarial networks based sample generation of coal
and rock images[J]. Journal of China Coal Society,
2021, 46(9):3066-3078.

U, T I T OB AT B SRR A e
LA [T]. S8 ML 2017, 38(8):170-172.

LI Bo, DING Jianming. Application of fully mechanized
mining data in coal mine based on large data analysis
[J]. Coal Mine Machinery, 2017, 38(8): 170-172.
Ir, BriEul, i, 55 T 2RSS R K E
R HHE 2 e TUE 7 & Mg (0], R 2 iR, 2020,
45(7):2619-2627.

QIAO Wei, JIN Dewu, WANG Hao, et al. Development
of big data intelligent early warning platform for coal
mine water hazard monitoring based on cloud
service[J]. Journal of China Coal Society, 2020, 45(7):
2619-2627.

B, R T AR, T B P BT OB T AL
PSR, 2016, 42(12): 86-89, 128.
SHEN Zhuo, TAN Zhanglu. Research on big data visual
management platform of coal mine based on data
mining [J]. China Coal, 2016, 42(12): 86-89, 128.
T, HEF, 20, & B SR TR & G8 RS K
A L RF & 1] 380 LG 2022, 43(10): 193-195.
CUI Weifeng, TIAN Ye, LI Xu, et al. Intelligent service
big data decision-making platform for fully mechanized

mining face in coal mine[J]. Coal Mine Machinery,

(18]

[19]

[20]

(21]

2022, 43(10): 193-195.

JAL, AR, d s S T ) R 2 i 2 A 2000
fF & g ok a HoR . i SENLOE 7T 5 K e, 2014,
51(2):382-394.

ZHOU Jiang, WANG Weiping, MENG Dan, et al. Key
technology in distributed file system towards big data
analysis[J]. Journal of Computer Research and
Development, 2014, 51(2): 382-394.

BREE, FEORA], Tl BT Spark [BH"™ 2 4 T R 45
(7). B THR, 2022, 45(12):49-54.

YAO Jun, GUAN Mili, QIAO Fan. Coal-mine safety
warning system based on Spark[J]. Modern Electronics
Technique, 2022, 45(12): 49-54.

R, s, B FET Spark Streaming i [H] )5
PR IREAT DU 07 94 B S 00 () oo [ 2 4 A 7 R 2
A, 2017, 13(5): 84-89.

WU Haibo, SHI Shiliang, NIAN Qifeng. Real-time
prediction of gas concentration in coal mine based on
Spark Streaming Linear Regression[J]. Journal of Safety
Science and Technology, 2017, 13(5): 84-89.

AR A SE R 45 RS48S Rl AT 2 4 1
PRGN [T]. ™ 2242, 2020, 51(7): 117-120.

SHAO Yan. Application of communication mode of
irregularly controlled RS485 bus in monitoring system
for coal mine safety[J]. Safety in Coal Mines, 2020,
51(7):117-120.


https://doi.org/10.3969/j.issn.1006-530X.2016.12.017
https://doi.org/10.3969/j.issn.1006-530X.2016.12.017
https://doi.org/10.7544/issn1000-1239.2014.20120863
https://doi.org/10.7544/issn1000-1239.2014.20120863
https://doi.org/10.7544/issn1000-1239.2014.20120863

	0 引言
	1 技术架构
	2 技术核心
	2.1 煤矿应用场景AI模型输入特征值双计算引擎自动切换机制
	2.2 煤矿应用场景AI模型多触发方式协同推理机制

	3 技术测试
	3.1 AI模型输入特征值双计算引擎自动切换测试
	3.2 AI模型多触发方式协同推理测试

	4 技术应用
	5 结论
	参考文献

