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Framework and key technologies of Internet of things for precision coal mining
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Abstract: On the basis of analyzing existing problems of coal mine production logistics system, concept
and connotation of Internet of things (IoT) for precision coal mining were proposed and five key
technologies were condensed by summarizing scientific conception of precision coal mining and development
of mine IoT, which were intelligent perception of multi-source information, multi-network fusion
transmission, multi-parameter information analysis and processing, disaster monitoring and early warning
based on cloud technology and mine disaster emergency rescue. It was pointed out that precision coal

mining based on transparent earth and intelligent perception based on IoT were two major technical
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systems to realize future unmanned mining, precision coal mining was technology core, and IoT was
technical guarantee. Taking IoT for dynamic disaster precision early warning of coal mine as an example,
its system framework was expounded including perception layer, network layer, application layer and
public technology, and its engineering application was introduced, which directed technology route for
precision coal mining.

Key words: precision coal mining; mine Internet of things; coal mine production logistics system; coal
intelligent perception; multi-network fusion; precision early warning;

mine dynamic disaster;

emergency rescue
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Fig. 1 Framework of precision coal mining
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Fig.2 IoT framework for precision coal mining

() Z 515 B e B FIH B 5 R A0 &
A P G ) R SR AL TR A5 X A LR 2 8015 8 4T R
. FEEAEGT L M I 2 [A] RS R B R RR R LR
Yy Ko TR B X 2 W5 A5 B R A AR 8 S R 78w IR AR R
R AL G

(2) ZWmhG L. A AE N4, 22 maL.
SE AT SR AT 2 AR B A B Ak R AR I
DR 20 0 A 4 A 42 kBt e R 22 ) SXO80HE BT 4R
e R LR E AR B b ICH IR AR R AT K b [ 45
45

(3) Z2ZEGEAI A, FIHE T REPED
BRETHE B X 22 5T 5 0 3 A B A s R
HEAT VR BEFZ 48 43 B 5 Bl G Ak 31, 52 9 RE Ak i koK
MyEd, FEAFRZHEEEISELRS EHEZ
Pt A5 70 g g 5 R IHT [ oK 0K Bl 4 0 T IR 5
TRAR 2 A B T I AL R AR A VR AR A A ok T
T35 2200 B AR e B v e fi e X PR R
BHEVEAN A .

D) BT mBEARMKERENE, AIHET S
BRM R F WIS RGOV 6 LR 9 F 5L
IR AR TR, F AR AR R ) R L —
M 0 9 F TR A L JE T R R B AL AR
> B G KU BB R M R E e T R 55,

5) W IR F N SRR . T2 A B IR E
IV 2 RO S D N B A0 T R I 7 A R A R
FEALHE I N GRS HEE AL ICE TRAR I R G (F
BB R e PR AR

WEBAG TRV LG Z NEL B, b

PEZE 2 R A% i T Bl 2 L 22 W50 I 472 4 DR X L%
IR DX P A i 4 9 e = 45 i) T 5 2K
B K EFERE B ERA M X TSk E
G TR U AR O TR o AR SCLURER™ B g ¢ 3 RS o T
IR I g {51 SRR AT 2l 7 ARG I T R
BRI S LT R

4 RN RERE A TE Y B N 224

4.1 HRERYH

SRR By 3 D¢ R T T A JK I 2 A R RS oE T
R EHES T HHREFIGRERELERS L
W il 5 A i BOR L 2 IR TR AR R AR U AR Ty
SRR Bl 3 UH AT IRAT B BRI L KU TR K
K ETUE AR B vk . R R A R A
TGN 4 2 N R A SRR I E 3 TR .

=] YT £ B o
2 | [me i [ s aewarors | damens || wox
[ ] AT A AR e
Z P gom e || ik e | mangEy || F
5 oy
2 S B A e
e e || X sbh R | Byt m e @;g
EACZE: I 7N b
? Ttk A EA | B A | ST ssR ]| BR
]
2 Bk A ERE A #E
| e [ | A [eeren] L

&3 BT Bl 1 ¢ R T Py 1k I SR A
Fig. 3 Framework of IoT for dynamic disaster
precision early warning of coal mine

(1) JRFNJZE . JRFN 2B 3 7 9 R T
Wik ) 2% 8 5 0 A SR B AR R IR A B R 4R
BEARMEZMEAF AR, BIEE B REH AR FE LM
T AP ) O T ok R A L =l R R AU L D A% IR A3 A
222 a5 O P o8 W 00 LB D B 0T A7 R 3 b R L RC
SV L A) 3 N A A AR AR SRR B A K
ERTICAR B TR B B R R M. 2 A
AR FEAFETOL A 2H W HAR 3% R BT
FoR &, 8 a WF W R 32 BR &S MY ZigBee,
6LoWPAN, WiFi Jo4k [ 21 W K % H 45 3 4% R K e
#F N ERET AR BLNE S ELY BN
A K 2%, SRR FE 2k W DU 500 1 R0 A 5 3 2 TR
K 22 Z2 450 30 ik e g A e B B R S R) AR 1L 22 )l
B FRGH BP0 G T TR A T B4 A R AR
JE8 T S NI (P W (= AT I TANE I R/



2017 # % 10 #7 -4

S

s 0 BB R AR R TR GG BRI R BR R © 5 .

[ia] A
(2) PIZR)ZE . POE% 22 AT 2l g 0 3RS o 7l
WK D0 5 AR Ak B A A o 3 A D 2% A i B R AN
WP HAR . WAL SR T B 2 M 5 1%
i DXl P ] 4 o 37 AR 0 G A L S TR L )
A AR N 22 R 37 W A% B R S LA R
I8 375 WY 42 A0 1) TS A2 i 5 30 2ok F SRR OC A% B
THE R DX 3ol P ] 42 7 B R 5 2k %, SR B IX B 22 RS B
(R A BT SRS M R . S SR
A4 I 2 BH A L L K IR e RIS [ Bl b
SO AEXS T I 22 U5 i 4% 8 A B
B g 1 [ T Bl 0 9 B S AT B A A AL
JE 45530k S8l 9 R T U 1) 22 U5 80 E FRAE
OBl (87 2 A%y FAEAE . 38 3 b 3 20 R IR B
1R EFIRAT B 43 B A S RS A, 523 A8 i IR
FBLAS Y H B A H S TR B T R B ) K
T PUE Y 2R R R I O O i DT B
770 IR AR AR L I R A T A

(3) N JZE . N2 R 3l g 0 R o T
YyHK W 4 Je ) H Y o 3 S A A fa B X IR R RE DT
Mo 7 B R E TUE R 55 A . R R B TR 2 2] B
V8 o Hi H T ] o AR DX I 0 S R ) 4 R4 S o ) U
2 B R U B g UK R N E . AR
W2 7 9E BRI R i S B A R R B
2 11K 22 e AR B AU G A Y 4 I S R AE R R
gt X 3l U E AT RE P K S B X AT bR
HEURN B 745 B 2 R Bl T E e I XSk T
T e % . R 22 oo B A Be R R E
7 I DXl F I £ XU | i 6 A 32 AT R B VT R
G, I AT TV F A A R A S A RN AT

4) AR . NFEBOR I 3h Iy 9 R e
BB M BB R ORIk S T UL E 3 AR, %
AL A BR AS R ATEOR VR BRI R AR E
AL Lo 2 Rl bR v B0 TR LR
J5EPE KAT AR HE PE A, @ i v b R S
FU 3T 9 H 45 30 7 K AR L T8 LI Sl o 5 3
FOEBAE BB . AR T IR T I AR £
TG 5 A B AR R ORI VIR T I R IR T
PR LT N LAl 2% 55 HoR  dsr w3 ) K
B TR R T I ] B B AR AP T SR A BF ST T
A OFAT B SR BEHL A% 2 > B v U
Bl 7 9 F AR B e AN PR
4.2 THRBEA

SR 2l g N T S ) K D ) R T 1) e

JE VS O 1 R H 2 5 E B RA 142 98 o i 4L
AR B BRAE B S B 5 SR S i R B 2R W A R 4T
B W ImBRIEL X R AUE RS 6.0 L8
IE IR AL A WU L MR SR I B K
EIRHL,

H O w025 87 1L 3l g 0 G e R 4 W T 9
I R G ] S H -l 4R A - A
N O = g I AR B P R Ak T P AT
RGLEET G N RS TR 38 W) 4 8 i 3 T
KBRS =AM - R E G T KRELZS
WO HETE- & (B 4, k) 1900 750 22 21 7 5 ] S
2016 4 10 A 27 H vhds MR 1F . 78 LR RE IR
VIS T by R WS R HUE O B R G, ) xR
i vy W 9 3 HEAT T BUE A

-

Bl 4 whili-RUE AR KE LS RERETET &
Fig. 4 Precision early warning platform of multi parameters

for rock burst-gas outburst combined dynamic disaster
5 RE

S B RNE HEJT R AR F ME L . 455 Y AR
B Tl 2 Je BAR A B AL B2 AR K- L T 1] JEE 67 RS i
TR ) P IR 90 5 B 52 A T S 55 o T 8 AR AR 2 A
Kook 2 S0t 28 1 PR B B R A4 T &
GEROPIBCI , AR R S s AR Gl KR
e KRG Ve R G X AL R B RG4S T
AAKFLTRAERENE R E 2 PRI H 2
A7 B BE AL 38 B 15 5 I LR AT £ 5 B
MR R A 2 )z 8 X BB 3% A sk
AR 77 AE PR REAL . S CBURT AR TRV 5 ATl
g JEE EE AL 1L R I R B BB L AR TR — R Bl
LA TR LA TR 0 AR IR A M AR SR
A B2 T SRR RE T R 5 BEOK L B R IR
RHETE R M A AE



6 . 5 g3 2017 # % 43 &
WU Lixin, WANG Yunjia, DING Enjie, et al.
B & 3k (References) Thirdly study on digital mine: serve for mine safety
[1] TZBE. L2 5Tl 4.0 5“5 W+ 5 and intellimine with support from IoT[]]. Journal of
NARLE R S e A AR LR =X China Coal Society.2012,37(3) :357-365.
RSP 2187 ,2017,19(2) :54-60. (10 T RA. B EL B0 5w oF 58 Bk & &k i 3%
WANG An, YANG Zhen, ZHANG Nong, et al. L) T A 3k, 2015,41(5) . 1-5.
Connotation, framework and critical issues of mine DING Enjie, ZHAO Zhikai. Research advances and
industry 4. 0 and Internet plus mining[J]. Journal of prospects of mine Internet of things[ J]. Industry and
China University of Mining & Technology (Social Mine Automation,2015,41(5) :1-5.
Sciences) ,2017,19(2) :54-60. [11] %#. EmEg 220 A% LA L A it
(2] FEse EMR e X0 5 . BBV A s A ol LT BRBRAA LA 2014, 42(4)  79-82.

[3]

[4]

[5]

L6]

[8]

[9]

W AR BB, 2011,36(4) :535-543,
YUAN Liang, XUE Junhua, LIU Quansheng, et al.
Surrounding rock stability control theory and support
technique in deep rock roadway for coal mine [J].
Journal of China Coal Society,2011,36(4) :535-543.
(R CII R I 70N N R S (P o A R 2
(). A4 01255 TR #4R . 2005, 24(16) :2803-2813.
HE Manchao, XIE Heping, PENG Suping, et al. Study
on rock mechanics in deep mining engineering [ J].
Chinese Journal of Rock Mechanics and Engineering,
2005,24(16) :2803-2813.

Fot. T B B 5 B 2R Momk S B LT ] M g 2
R ,2016,41(1) . 1-6.

YUAN Liang. Strategic thinking of simultaneous
exploitation of coal and gas in deep mining [J].
Journal of China Coal Society,2016,41(1) ;1-6.
HoE,ZEHE RO, AL IR EE R A I - K
AL R BB L] M gk 4% 4. 2013, 38 (4):
529-534.

YUAN Liang, QIN Yong, CHENG Yuanping, et al.
Scenario predication for medium-long term scale of
coal mine methane drainage in Chinal J]. Journal of
China Coal Society,2013,38(4):529-534.

YUAN Liang. Theory and practice of integrated coal
production and gas extraction [ J ]. International
Journal of Coal Science &.Technology, 2015,2 (1)
3-11.

LR BRI 4 g Ak e L] BRI % 42, 2015
(6) :40.

SO BAE I A 3L A g 21 LW I —%
FH LI B4R 2000, 25(4) :337-342.

WU Lixin, YIN Zuoru, DENG Zhiyi,et al. Research to
the mine in the 21st century: digital mine[ J]. Journal
of China Coal Society,2000,25(4) :337-342.

Ry OE= L TREA % Z BTl &
Pk I OR B - L 22 4 5 R AR R AT L) D BE R IR
2012,37(3) :357-365.

[12]

[13]

[14]

[15]

[16]

[17]

XU Jing., TAN Zhanglu. Smart mine system
engineering and discussion of its key technology[J].
Coal Science and Technology,2014,42(4) :79-82.
PR AL BT E R SRR LT R
B2 H AR ,2010,38(1) :48-52.,

LU Xinming, YIN Hong. Definition, connotations and
progress of digital mine [ J]. Coal
Technology,2010,38(1) ;48-52.
INET- . 0 P IR O 45 5 O B R AR BF R LT . MR o o7

#,2011,36(1):167-171.

Science and

SUN Jiping. Research on characteristics and key
technology in coal mine Internet of things[ ]J]. Journal
of China Coal Society,2011,36(1):167-171.
s TR RATE. BT LR BT I 5 KRR
G B B R A 5T [T M % 4, 2013, 38 (8):
1397-1403.

MENG Lei, DING Enjie. WU Lixin. Research on key
technologies of water inrush perception based on mine
IoT[J7. Journal of China Coal Society,2013,38(8):
1397-1403.

B B2 R S BRI RS
%4 TR, 2008,25(1) ; 1-10.

QIAN Minggao, MIAO Xiexing, XU Jialin, et al. On
scientized mining [ J ]. Journal of Mining and Safety
Engineering,2008,25(1) ;1-10.

WA, E e, B ER ORI R s —F
FOT RS B Re L)1 B ok % 4, 2012, 37 (7))
1069-1079.

XIE Heping, WANG Jinhua, SHEN Baohong, et al.
New idea of coal mining: scientific mining and
sustainable mining capacity[ ] ]. Journal of China Coal
Society,2012,37(7):1069-1079.

ERE X, EH# . RB IR E T RB =T 8
K2FH,2016,41(11) :2651-2660.

WANG Jiachen, LIU Feng, WANG Lei. Sustainable
coal mining and mining sciences[ J]. Journal of China

Coal Society,2016,41(11):2651-2660.



2017 # % 10 #7 -4

S

s 0 BB R AR R TR GG BRI R BR R VAR

[18]

[19]

(20]

[21]

50 ME RS W TT SR B E A A LT DL 2k 2 4k, 2017,
42(1):1-7.

YUAN Liang. Scientific conception of precision coal
mining [ J]. Journal of China Coal Society, 2017, 42
(1):1-7.

FEMRIR W — 1 AR % A IR I SR b i b
HoJE ML B A B3R [T ). M e 4R, 2014, 39 (2):
205-213.

JIANG Yaodong,PAN Yishan,JIANG Fuxing, et al.
State of the art review on mechanism and prevention
of coal bumps in China[J]. Journal of China Coal
Society,2014,39(2) :205-213.

B AR OLBE L SFL B A G R R IR K
FEIRm AL & A 1% 5 TR %R, 2008,
27(2) :339-346.

ZHAO Yixin, JIANG Yaodong, ZHU Jie, et al.
Experimental study on precursory information of
deformations of coal-rock composite samples before
failure [ J]. Chinese Journal of Rock Mechanics and
Engineering,2008,27(2) :339-346.

XURF X2 Z A ER T AW ARy Rk
KEE ST ], %5 1717 ,2014,35(2) :305-320.

(22]

[23]

[24]

LIU Quansheng, LIU Xuewei. Research on critical

problem for fracture network propagation and
evolution with multifield coupling of fractured rock
mass [ ] ]. Rock and Soil Mechanics, 2014, 35 (2):
305-320.

TER BT R, R AFL BT R R 2 S B0k T 4 A
AW ], 07l %2 2 5 FR R . 2001, 28(6) : 8-10.

YU Qing, ZHAO Xinquan, HUANG Qiang, et al.
Development of novel intelligent multi-parameter
detection alarm[]]. Mining Safety & Environmental
Protection,2001,28(6) :8-10.

SRE L TR AR S W R M RN AT Ll R
ZZ— A 58y b g A skl
T8 F81k,2010,36(11) :129-132.

ZHANG Shen, DING Enjie, XU Zhao,et al. Part || of
lecture of Internet of things and sensor mine-sensor
mine, digital mine and integrated automation of mine
[J]. Industry and Mine Automation, 2010, 36 (11):
129-132.

5. 2010 AF B T A 4 5 LEB/OL 1. (2010-03-
15) [ 2017-05-12 ]. http://www. gov. cn/2010lh/

content 1555767, htm.



