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Research on cloud-edge-terminal collaborative intelligent control of coal shearer

based on 5G communication

CUI Yao, YE Zhuang
(Beijing Tianma Intelligent Control Technology Co., Ltd., Beijing 101399, China)

Abstract: The current shearer control system is difficult to deal with the complex working conditions of the underground working face.
The realization of the intelligent height and speed regulation control of the shearer is faced with three major technical problems:the lack of
data communication capacity of traditional 4G, WiFi and other wireless communication technologies, the low data processing synergy of
the centralized cloud computing platform, and the need for high manual intervention assistance for coal cutting control. In order to pro-
mote the intelligent development of the shearer and the whole fully mechanized mining face, starting from solving the key technologies of
the shearer such as 5G communication technology, cloud-side-end collaboration technology, intelligent height and speed regulation con-
trol technology, a shearer intelligent height and speed regulation control system based on 5G+cloud-side-end collaboration technology was
developed, and the 5G communication technology and cloud-side-end collaboration technology used in the system were described in de-
tail, the hardware platform and communication network of the shearer intelligent height adjustment and speed regulation control system
were introduced. The shearer intelligent height and speed regulation control system adopts a multimodal fusion coal rock distribution iden-
tification model based on feature level fusion and decision level complementarity, and on the basis of coal rock distribution identification

Y5 H #3: 2022-06-30 FERE: AT DOI: 10.13199/j.cnki.cst.2022-1017
EETH : MARGE SRl DU Re A hl AR B SE” %2 B35 H (00000050048 )
EERN: M (1983—), B, INARFELN, SP TR, B+, E-mail: cuiyao@tdmarco.com

205


https://doi.org/10.13199/j.cnki.cst.2022-1017
mailto:cuiyao@tdmarco.com

2023 4F55 6 A

# £ A F H# K 551 %

technology, the shearer intelligent height adjustment and speed regulation control strategy of "memory cutting coal+coal rock distribution

identification intervention" is used for cutting control. The 81309 Working Face in Shendong Baode Coal Mine conducted a 2-month ap-

plication test of the control system, the test results showed that the packet loss rate of the real-time communication of the shearer was about

0.003%, the end-to-end average communication delay between the shearer and the centralized control center had decreased by 75%, the

failure rate of the shearer drum had decreased by 42%, and the coal gangue mixing rate of the front scraper conveyor had decreased by

42.9%, which verified the practicality and feasibility of the shearer intelligent control system and the hardware platform. The work im-

proved the intelligent degree and reliability level of shearer control, which can be popularized and applied to promote the intelligent devel-

opment of fully mechanized mining face.

Key words: shearer; 5G; cloud-edge-terminal collaboration; multi-modal fusion; coal and rock distribution identification; intelligent

fully mechanized mining; smart coal mine

0 35

DR R R, PG AR AR, A
BRAE T E — U BB R S o5 A ER Rk
7% EEREIR RIS KA 0 CGRETR AR B A B 113
1141 (2016—2030) ) B B 48 8 e FF R B A
ST S s BT TIT RACR A Re ALK, B & =
RO AR R | R AL AR | RRIRRE i [Tl
BT RAFHAR, F) 2030 4EF SR X ARSI T AR
T I AR T 43R T A T e e AR R T R A

“FIEH RGN RIELER TR EELE , FaiE

LB AT R A Y, RIBHLAY S e AR T
S Z5R T AR PR BB ALK RN g
FEREEE Sy Ml B B shik . w19 A shik. =gk A shikn
BREAL UG D, e AT v SR AL A U AR,
Al 5GHfE . IFESEEOR, SEHURBENLAY T $
il T, 35 2 BCE BRI AR . 35T “2 i
B I] B 2 e AL KA b BEAR A AT SG B GE 15
A1 7 FH RE A i DR 6 e T4 B3 A% i 10 ] S B g
1l 5 5 12 T o S0E 3 oSG P ) 7 4 I 56 )T, RD O SR A
B R G e Ak & R B AT ik s — AR5 B 4
A5 R

H ATZER TAE RN B AL AR B i Ak T 9
B BE, 3 o A O AR R, A T — P T
5G+2zs 13 vty I ) AR 19 SR AL RS R A v T S 4 o) 3R
45, TR 5G MIEHA . milinmh R RS, &
IV o R T 42 ) 2R 0 B LR - 5 845y T AT B
1537 RO M RUR, D)4 & TR AL i i
AE AL AR 8 A AT S8 MK OF, l AR T TAE W] 2R T
VETA R e il SR LR AR B B S ezt i

1 REHE e S E R 6 ik e £ Z B
EHRiHE
1.1 HiEEFEgRARE

B GE )RR S B 0 2 B R A S 1
206

il

WA PEA TR AR, 38 3 B LK RN 2 A
T TR, TR T Tl 3R WK S - % 2 1
i W ol T RIEHLR I R 2 R RS B
It H LRk TAEm R, S BOC bl A F b S 40
LR, N TRA R R KR B B2 LA 5)
% 51| FE [ i) B ) PR B85 A oL G 38 B 1A%
FIEEPEACAIG; IF HLAE 4 75 ) h W 2 L 4 5 B8
R, T L& A B T TR S, T BT A A A 2k
WA O, HEA A S R 2RI 9% 07, B DL BAE SR AL
WEZRH 4G, WiFi F LB EHA, Bl f R84k
ke STEBEEE Y TR B S 2 LR
FRUEAT S R A, T LA R AL AN 1 v 22 1) 14 4
Fi A i o S 8 R, I HLR AL A 328 72 s ol o
RS PR A =, DR UL B ) 4G WiFi 45
TR AFHARAFAE MG ARE T AL | & i o] S bk
% AL 5 A I 25 ) B, e LS8 4l MR Ak
A TR, SG i (EHA KR
PERRES, SG I EHAR A . N TA 8. Kk
it . =PRSS — UG B AR T SO R sk
ARSI USRS R TR 5G ek
RGEIEAIE . HMRE) ST XHEER HET f B
TN WK EER AL, 0T T 5G FARFIE A
T, FEE X SGHE REALIE 2R 58 B 5
AT TAE, h R THT 56H—CEREIL R 5.
BEE T 5G 85 H AR ZHS S B, et TR
WML SGEIE RGBS K. 1ERENL 5G i
AR I, Tl X IET 5G HK M 1 ]
SEMCRIEYLEAS RE VAT TR, 4 T oREVLIL
7 5G ToZkil 5 FSK B A 2 {5 il A 1Y T ATl
e REAEMD PAT TRT 5G MEH AR MR
PLIE A8 75 R AR, SEB T SR AL 72 22 45
PR LR G . H R RIENLEAR R 5G @54
W 5 SRR FHAF ST 480, RIEHLIN SG 3817 245 2844
WFIEIR A TR EL .



BT BT SGHz i RO BRI BE VAT IR 5 RGeS N

2023 455 6 1A

1.2 HIELEDETE(R

HAT7E R B A g fe v, R Z R X
ST GRS B R (AR R
PUBRHIZR G A R, I3 A A A5 Hs  BoR B ok,
Bt 4 AL B 2 v R A T AR B, RS N Y 0 245 3
15 T, S0 AFRORBAR, TCIE 0 A S 28 45 i g 22
SRS R BE AR AT 2 s 2 S A L g
B, A2k D A RO AL = R
T8 7= v 8 12 Gk b A% ORI X 8 BER Y AT 24
FIREH, T LA 7 5 A2 A4 i A0 R ), g L
FEI ST 1RT LA {5 PR bl A A AR 1 FH R S A 45
il , (ELA% G2 (1) SR JREAL A 1 45 G 15 52 B 1T (Information
Technology, 15 B F 7K ) Fil OT(Operation Technology,
BB HOR) MR R, e LU 2 i 0 P R 5 5K
MA—H R BGA IR RTT R 2 H 45 2 441
SRR R 755K
1.3 ZWATFREES

H H 52 i REHL A 42 SR St
BRIV T P& i 5 2, 4B BHC I
I FHRSCR AN BRALU , 55 258 1 AT T B8 R
BRSO, RSB M T W &
AR 7 12 0 SR B A s il KE A T —E i,
BRI T RMEINF 47 5 2%, AN R 8 p pERE
FRUEASALAE, BT LA A5 i RO e 22, AR R
JER SRR LA, XA T eI T “TEA
b7 i & TR S SeHR AL Btk i, B
R 1 — 300 3 0 S B A 1 R A T g
I, A4S v BRI 2 SME I B )E
TR PRI, TAARINCT 45 20 ZF ) EIR
XN T SR T T SEbr TO0E 2%, F A
— BRI AR 5 S U A U ARG B e 22, T
FREA T, ENER IR EIS ., BEERARAN
Wik Je, AR IR E B Rl & HOR )z i 2T T
RGBS A P B0 R A SR AGE i 2 B
SRl WA UM AT R R R ] A
FrE S ARSI B oA O, R R GE TR,
T LA SAREE Z2 2SRl S R U A X DL S BRAREAIL
AR BE AR o SRR UL, Y A SR ] &R
G5 ERARC AN TIRZE eI EoR, e —
FEREEE s/ AT AR, (R LA I A T 52 2% 1Y)
b BT 25 A, I EO R R Ge TR R R, I
AR KRR EE i RS N LT BOR HEAT 4, XE LA
HIESCHA e bR,

25 EPrA, TSRk TAR T RIEAL TAE 5 2

eG4, T RN B A R AR T =K
HARMERL: 1558 4G, WiFi 55 TC4G (5 HOR i ¥ i
fREIA R . BT £ 9 % b 21 B[R] 1
& FIBEE 7 2 A2 B N TP Bh . 4 T ik
IXLEXER, X5 T 5G Al 5 H AN 2z 1 3 bl R 2K 4
SRMELE RE A oy IR P ) AR G AT T IR, BOoE 1
RIEHL 5G A5 M 2= S R HOR, SEBERIEAL
Kli 8 RIS IE | o ] S PR L T RE T, OF H 7S
DR T =B G A ; 3210 TR T4
TR Rl A MRS A 2 B ARl A R 7 A i)
IR, BEAS X R ENLIR i BT A B o0 A1 175 0 2
HPEGEDR S HEAT U B0, O ELAR 3T e 2%
BB AR B B SRS X SR L R T
FE ] g ] A A, A R R v SR ML B 42 ol Y
B REALAITC ALK

2 ET5GC BENRENZBHHEELR

FTF 5G 15 B RN == v PRI HE SR an ] 1
JiN, BB R 48RS Lami s . AL 5G
[ = M N K < U
2.1 ZKinig&

Lo o FEALFEE gy . 2 RGP T
WRAE,

Db s . RS ESI 4 Automation
PC 3100 mobile {F A RBHLAGFE T %, HAil#& 756
R Rr/R % 1 B Es, B 5 16 GB RAM Fi
480 GB [NAF, I H. AT LIXT o] S D e A T (b I 2,
i& T APC mobile F3EIMR, Al Ay i% 4245 VO T
hngE O, 54 CAN 58{ POWERLINK, A A DL 52 E
A& 0] R B AR, 1 ELAA v DLFE A 7 45 i Ak RN L
P bAEmm, 3 HEA TP69K BidPasdt, BABIRS) .
robdiae Sy, AT LA R AE TR . s
Hil# K H =k PLC HR, 75— RGN REA LT
il (%) PLC, XA JESEIT (1) 0] B IT(HHG = . 5L
PO RS, FES2Pl OT 5 1T i il IR B il
B, AR A5t PLC SRR, i 1 T T S
VAR ST PR RC B, AR,

2) ZFMEIRAS . 2R ZHE AL AR RN
FE A2 ) 2R G0 i A, 3 A% SRR o R A R AIL
RV Z I L, MRS | PR RS . B H LR R
TR G 2505 5, TR A B8 % W IR AL AE
AR SO AT B DA SR 1A e B, 25 A Ik
AR 22 6 B ANl 2 s .

7 AR B B A SR LB EV AR, PR

207



2023 4F55 6 A

#EHFHAK

1%

[omon| (2o ]

i
f-
L

1

; = !

! s L < i
1

1

1

1

1

|

ST I E S LT ', R PO

DAL IRAS R A I

KEHE A PaaS

EI £V 2 B8

TR SS

WRIBS

PC 3100 mobile)

LT BRI SS

7 FH 8 2 B A A 35
BluRaE

PR

BN FHHE . RS L E
;ARG AR

T R
ERAZPS

BN | N 5] 2

EZEEE |

AR (Automation |

R e R 45

___________________________________

H il BudE
ey pusa

__________________________________

I [

e e e )

__________________________

sl s |
o

_________________________________

B 1 3T 5G & RENZ 1% W FAER

Fig.1 Cloud-side-terminal collaboration framework for shearers based on 5SG communication

B2 KEBLEHERE
Fig.2 Schematic of sensor installation position
SRR 2 PR AR S Al AR VR TRT BT, AL AR AR
JZ I B W IR B K, R A% s HAT B 1Y
S A 5 SBUEE, P L 04 e 7 R ik 5
R BAT B A PR I IR A MEMS 75 2 g A1l
MEMS Al e . 7E T iK% M
RS IS T, Had i n] WO HICIE 3R B
FEOF BIALE B, DR R 2L MR ORI ] 3
ASCE AR AT A M 45 , LR BB o e v = 5 ) R0
PR, PSR AG SO 22 2 i R MR AR
BEFAE AP i b o R AR DR R AL A R T - ) L
208

2 2 ik D RT3 e R A, T LN 5 o 0 e
AT FE HL IR )R, T LLRRBIE A SR SEHL AR B AL
THL I AR T 2R, PSR 22 R K L AL A
BeAERHE AL XS AR AL A TR . AR
JEREF LA AEPERE THRE I GT 5, RSB LA LY
JE G S s A5 5, T LA 0 ~ 60 MPa 119 1%
TR L, SRR T G R T E S . B
2 2 by 7 R B 1 Y H SR B A g, RETE R
SRERLAS 5 1R R (ISl 1 7 B, o HE b % R
B AR 5, 360 8 3 B Bk T LA A )
SKIEHUAE AR A0 & AR AL 22 5 3T, R
REMLJIT SR T 040 28 5 {0 4% SR8 A AceStar (1) HiL FE 7Y
LI, A 1 TR e TR A ML R T,
RN —60° ~ 60°, i i3 R AL R LR E A R 5
TR

3)PATHER o SRIEHLIE oy PR 45 ] p 1 AT
& FE BB G, #RER LR TR
TR IR 0, 3 o) 0 ) 2 A v VPR T LA
o AR VR 1T 1R B 5 A2 5 A T SR A,
08 3k 4 ) 2 5 S A% 2 5 | R AL DA T 42 i R A AL A2 5|



BT BT SGHz i RO BRI BE VAT IR 5 RGeS N

2023 455 6 1A

HE,
22 BBTR

TGS 5T T Rl A5 Tl D) S A s 0 5 B SEZ s
Bl o — 5 AT DU B s Rl -G 5 0 e A 3L, AR
Y 7 508 REAL I R T R AT PR TS, BRI A ol g
TN ST S ALFE G SURSS BRAE L S
Bl IR 55 AT R 3 AR )

KIS REE Ry i sl o, 4%
il e A T PC AR A%, Al B o il 45 1 2
e, T LATE 2o a8 thosh ih G il #2047 1T A28, Al
Fe TS PLC il , Ereih St B Z4dE b
O EZEH AR, PO AT 2 Dol (O] B i
e \RE S AR e RE ), 3 S 45 #4344 PLC. PC
iz S s 4 B W] — & e B, A 2SR
SR AL AN i U AR R, 2 AT 55 AT DAL
HAT, LEATE,

PG BRI 5 4R R KT Y A A B
RE, GAERBALRY BN AT B SAEAE, DUR— S8
T bR 1 R A 530, R G5 85 8 b B 14 Fn i
% APP B MIFRHE T 5 ATt BE ), 58
NG = WA

NGNS IR S5 A T I G TR IR 55 284,
W Rz PRI Re ] L B RE LI 1) RN 22 4% Ek i
AP REE R B 0 R b, SEBL T R
SRR B RS, BT T IT A RS, T i 2
TR AT T G0 R P 1Y RAOG 3R 5E 1
[

23 5G M%E=E

5G i {5 A P S LAY B HT T 100 Mbit/s D
b, B 10 Gbit/s LA A BOE & 5 9, LK
99.999% 1 2 T 4 1 12 A0 R IR S 1) 19 265 1
] SRR Sz 4 AT A P b £ Y
5G M%JZE FEZALEE 5G %0 M 5G MBS | sgHk
BL. FEu 5] %% BBU(Baseband Unit, J&4 BT ) | 3
i i #% RHUB(Remote Radio Unit Hub, & 4 it vits
CPRI B(HE R ¥T ) | 5G &3 pRRU( pico Remote
Radio Unit, 763 2 5¥.5C ) Fll CPE(Customer Premise
Equipment, BRI BB ) G, RAEHLE REFE
Rt 5G P2 RRI GE, JAHF SiRe U R TG D)
AR, W AT R S BB R,

1) 5G #% L M (5GC) A 4F 5GC 4% i 11 . UPF
(User Plane Function, | J* T2 fiE ) &MEC(Multi-Ac-
cess Edge Computing or Mobile Edge Computing, £
FEANNGATE), BAgilor MR B I, phS7 iz 4E

B E RS, SCRPEUIE At B N L e PR
O Uy ) 45 6 4E D g, $E 4t NAT(Network Address
Translation, [ £& k54400 ) TEE .

2)5G WA 15 X% R | AL ks HE AL R
Lk & AT B, R 5SG M FE . %4, g
Y

3) MM REAE AL 5, T SE K25 1 5G
MZEFEA IR AL

4)BBU “Z2AEH ALk, B i il 457 B AR A 2
U R4S, B A BT BBU SCHRABAGR H L 24544,
AT HRHEAN [7] P 48 25 1 7 oK TC B A [ 45 5 1) Bty b 2
R

5)RHUB 3 FE #6557 0 s i 4 1, B
55 BBU 25GE ZHKAETI I 8 1 pRRU 2 A fiE

6)5G FE v pRRU [ 515k KT618(5G)-F, &%
FEW R SCHR RS T B Al o B L, 23 e i
HRLHE, {5 S AL PRERTT , DRI, 9 R4 11 L I
BEPRAE (P S00R BE J5 58 345 2 4 Bk, R
ST N 25 1 1P K B 7 12 ms, S80I 45
NI g =N

7)CPE #5223 TR BEHLHL S |, 15T 5G AR
% R A BULR A A0S I TR, B R AL 5 o4
28 Z IR HEA T OURE B % 42, FR AR T A ok 1 K
BT FER} B
24 HULETER

HO s WA EE L BEEG . ERCEA . ToT
YIBR NS . KBE Fi PaaS(Platform as a Service,
& RIAR 55 ) UL K B4t TAAS (Infrastructure as a Service,
FERHZ BRI R S5 ) o HHls 2o 19 K R e ek EGIE A 7
GAHR, RN = RG21T 0 A BT 2 R iz
P s oy — 5 I, MR T SRR 5 1, X Re A AR
RTINS, 3l S O HR AR ReAb Bt A5 ) 5 250l
W55, K #E AR POt AR S . = ihidmit AT U R 48
B, AR =D EGR, S &I AR =
TR B 2 S B RS TR RIED &R 2K
il S s AR R RE % A H

“NHFEPEE W K 3 e O R R A
A, & T g ) A W BCH S AN T e S A K 2
BRI T A PR AR R e o 2 X 24 42 T 8
= Y A ANl b 1 2 R 123 2 o ]| B2 N
()RS T B3 2 B I M 0 15 R, SR BRI AR
SR R R .z i B R 5 e T B 254
FRAI R RS BE L B AE | B B RASE ()

OB RN R R G5 0E T RS ARG

209



2023 4F55 6 A

# £ M F H# K 551 %

I H3E | B AR 2R | W B AR BGE IR APT A A JE
WA AR TR, SCREZ AR . 2 B, 28X

IR RS- {5 4R A L B A B L IR BNR AR
FE R | LA s AR AR S S Y W 1 4, 4
HERR R AR AL B s AT . KA S hhe .

FEHEF PaaS FEAL T IMAIAIE | F08 P45 55 L
FH, (4576 40 5 FI 2 R AL B 4a il R GL i) o
K IR G5 4% . B MR 55 2% . BRAE RS 28N
FEABEE IR 18 HE R A -

laaS A RAHLE BeA2 i R4 AL IR AR i
SRR, R T R oA A TR A
it OCFRAL, AECR A (AR FR) 55 SRR, T R
MU e il R e il Rig YR HEds & vk s .
25 ET5GBEEHNRBHRE

KV BT RARE T = i, I E 284,
LL 5G 2838 {5 Al AT &I & R G Z a1 4L
P AE, WA S 2 AR, = F 61N K
i, SR AR TN | 4 Jry KB Y Ak 3L, TS AR R
O 2 I fi AR A, SRAE SR ANECHE (R b B, R TR
iR SRS 55 2R, i ) SR AR TR RE SRR L B R
A PAT, SR B E R el . BRI
B He VA R R R G b 45 )2 A5 0 PR ) g
wr.

1) = a] $EHb g —8 38 5 B 48— e o
Mrohie, WA i 2 BN EEE , SRR

HLER
FEAX

EIERT AT ISR

2) SR A A M g Ak RS 3K )
=6, I HAROR B = F 6 B4 il a2 FI 2R
BURERE, B A RAERIL A2 ) 2 203 R ) 45 a2
FroRAERLA R P, 6 2 2 320 3 K00 P ) 5 0l 22
K ELINE

3) S AL 1545 il o . 22 AL TR AR EHL I T
WA, ST LS ISR AL A ) o A P Y RS R
Paf5 8, HH PRl a2 A TG o

4) P28 g SRR REAR T4 il 2R e IRy
Vi R | RIS A Ry ] SRR ) B AL i D RE, T
I 0o 42 2 i 00 28 4 P £, B s — 3 — s — Ak
{OEESLiyrE: v

3 REVEEEHEGHTEERBREMNE

TEE 1 BB X SR IENLAY 2 30 3 B [ HE 42 il
5G WEHARIEST THA, 5G B A5 H AL RMHLIT
FEIE AR I OB RAR, (HR RBEHLEE ] R G R R A
PMLNFGEE AR PR E G R E T 2R A R r 5 =L,
I H L F {5 i 38 o8 TOAE A5 1 o4 el 5 ]
SEME, PRME— 25 G SR SEAIL 0 R e 4 o B 47 15
KGR 2%, SRIEHLE REBUHE i R GE F R b an
Kl 3 Fs, R Redk B4 R 402 DU s Pk gl
Zx P2l %% Automation PC 3 100 mobile i #%.0>, F&T
15 AT EE CAN Bk B Tolk AR M i) o A =R 4, X4k
feflt CAN, RS485, LUK RS ZRbnifidie 11, I Honl

SR

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

AT 1

@
i ! 8 JEE F
| AL

I | P
: : | N 3 %}'ﬁ?qﬂ‘t“ J'W‘g |

____________________________

}FSK W

B3 RENA R E B AR A ERI

Fig.3 Communication topology of shearer intelligent cutting control system

210



HORAE: JET 5GP R B BRI LR BE TR

AR RGBS N H

2023 455 6 1A

PLE i 5G WiFi M T8E TGt . REAH
T R RAEHLAL B FUERIEHLIE 2 F5 55, RAEHLAL
S ORI AT 7 WAL AR . WoREEE | AL
BOC ikt | BPLM it | AXI fibk | SGC i {5 bk |
MOC H HLFE Hil BB . WCR 38 545 He | HEF i f 20
PR, LR 2 (8] 56T CAN R A Tl UK
AT . RIEVL A 5G WiFi RI&% | SEif7 8%
FSK # i . e & ZFpim fe i 5y =X, RIEHLA
BPLM #i3t GSC Bidh | sc# bl . 5G Huli | 45
O WEE LR AR, o] DASEBRIEHL T A A 10
SRRV W . B b= hr ., Bl R ik .

SRR BE AR R 48 T AU R AT B 1Y
Aoy A I O AL ORI 22 5 | S R v, 7
7 B BB A R R BRI > i A RIR A N 2 5 IR
AT B, I EL AT UG SR A2 5 | 3 B AP vy
HEATE REAE ], SC PR BENL B RE R DI RE . SR
PLER T ) R 40 o A an ] 4 B .

4 BEaEamRAEERRENEERTIEE
EHITER

SR AEEATL D o L3 5 X 45 11 2 30 g P ) HE 4R 2 52
PHSR AR B VA o 8 3 SR %) W 2 SRt A S IR B R,
FE UL SER TSRS A UM B3 BRI R i
e RIS ) S i A T R SR SR AMRE ML A T A v
AR, DASEICRIELAY R e R AT BE
4.1 BEESWANEE

SRR A T LA N 4 R, LS RS
IR . B al A ek i A . i s it
N, RIEAUVE Re i R 2R mAﬁ%ﬁﬁ%
AR T RS AR R Rl R i R O B A

/(ﬁgu%mﬁu TRzh MFCC %k

(s 7 )~ i MECC i

BE MR Eng

E5RA

RBl

W, HRED

HESH B3t

BIARS

MG900/2360

09:05:18 232M@BNEX

B4 RHENAZREHNZHRARERE
Fig.4 Shearer intelligent cutting control system interface
Rl SRS, BEAS S 4 T 2 S5 B B L AME AN T
AR, A EE— A8 B — JZ GRS T A ER P A
PR,

FI i e i Y g 2 ﬁPfF—ir?Eﬂ&mEllAﬁ%/\”Ujﬂ$ﬁ
FRIERLG FIFATRAERE &, JFATRMERLS TR/ DEA
W1 P B T B A TRRIE L0 B 2 A
FAE ) B a F b, HEJE D p HER g 4, AT HFE R
BT 2 AREAL ) T [ AT A B —
A prg HER ) s TRATRRIERRS 2K X 2 ANHEIE
] 205 U A Il it atib, FRAE ) o 45550 A5 B X
(RAERALE 0] B AT AN

PSRRI R R R )2 SR, T8 R A B
ibpeiySWIINE 25 e iyl ik S I e i S|
ANTRASAE 1] 0 P DR SR AL e — L, P B W B 7
BIEZHEE ST RN B R G 2 RS
RS S AT U B B AR N AR AN T

1) i #f MFCC(Mel Frequency Cepstrum Coeffi-
cient, HE/RATAABITE R B0 FHE SR BO M A E 5 S

FIR 5 5 5 e R 18] A 3R ) — 4 i) i R, X
s
g 1‘%32
Bk

E AL LA
Hﬁ%ﬂ%*%%ﬁfﬂﬁi
THRE LS /)

(w12 s FEH 000 3

(s s —( R o SRR

L
| ’*ﬁﬁ | mem
| T e
: i L | AR

SIS arS

s ZHESEGEESNRANERER

Fig.5 Algorithm framework of multimodal fusion coal and rock distribution recognition

211



2023 4F55 6 A

# £ A F H# K 551 %

PRBNFNFE B R ) BT IR ATRE R, SRS B T
CNN( Convolutional Neural Network, 5 FH# 45 % 4% )
BRSO EPR AT

2) ST AE AL R I AT R T e ) SR A AR
R S Y S IR 8 A A R O Stk £ 7 ) 2 oy o
ATHRFEF

3) K H Retinex G355 58015 X HAR LR S 7Y
B 2L Hh B FEGE B 1 BREE T aim  l, X 4L
HhEMGFN R BRI AT RE R G, SR )5 R IR
JE X5 471 W9 2% ( Adversarial Learning) X} 4% 25 2041 #5471
BEETie

4) BT 2B ST LI 24150 1 4 i 25 R
HATOCR R, Z ARG RS 5 A PO 38
MR Z Rl G R 1] 43 3 AL 7R FIR 3 Y
CNN 7Y | 3851 F ML L 3 RN T iR 4R R T A S e 2
F AP AERAY | A 21 A1 ERFI AR 1) 78 1 MR B TR B
XTI, 33X 3 AR AT Y Ji SR AL H 5 )2
(AR 2SR T R, ) FH 2285045 S vk v B AR SR Ok,
RELA 3 AU S0 SR AL A 5 2 R Y E AR
S FIEbRUE, 25 TR E R AR P R T 0.5,
DA BB SRIEALIEFE BRI A2
42 ZEBRFESHERS

AL AR AT T BB TA] [F] 25, BV A 8 XoF
] — H AR A [R5 0 W A 8 [R]85 B[R] — R %1, £
IR G S AN F W R R EZAA AN — D7, T
TR 28 AN [ AT IR, 25 % 81 65 ) Bl oo A%
A BT B I R AN AR [R]; 55— 7 1, A& s
RAE TR AT A AN AR 7], RV 2 400 46 B Z %) 5 )5 iz
17— B E AR IH S A 5e 225 . H T 2% /%
e S B Tl R 26 5 R HE DT A B/ ik L N
AMELS R AT AL WG LA,
KAWL AL AR5 i ] )25 R N AR AR .

WK 6 Bz, 3 Pl I b 36 TR 26 O SEE AN
[7i] 5 3515 i 3 00 4% 19 S 5 SR EERIT AR B[] T,
Ty FN Te FAFHIE, FF H 3 PhL AR AR AEE I Ay
Aty F1 Ate WA—EMIR] o, X — B isf [] P AR £ AR 8
B AT A M, FEEAT NSRS MERRAE R,
A SR BSCHI A S5 15 R PN ) 22 AR TA R SR e AR AR
Xof At g B A Al S AT LG, AR A A
AT IR A 8 SRATE [R] B T A B[] 757 w5 ) A% gk
B EA T R A, — MR UK SRR R A IR A%
AR PR R [ [RI B B AE A B R 5 REMCR = 1Y
A e ) BB A S5 B AV St Xof g ) i ] 55 85,
X W I 25 A o R A S (R AN ik

212

WOEAE ) BT[] 25 5 R BCAE AR TR 808 ¢, 1 +AL,
LA2AL, ... tAnAL XTI S A S R AL TR
AN G B | PRI LIRAS | 7 B AR IR 45 ) i) [i]
[\ 5 0 R EEBUR N t~t AL, t A~ A2AE ... ... .
tH(n-1)At~t,+nAt 1953 B A, e & ST A 1%
TR EE A st 8] [ 25, T8 A% SR 25 5 0 ik ] [W) 20 5
AT Z UG A . WREEHLET BEHE 6 R gt 1y i
SR RS RN 75 5 AL R I SRR ] 35 3] 2~3 kHz,
FEIR R AL A R ARG 50~100 Hz, )
L IR (R AL RILFE A 200~1 000 Hz, 1M 2 P15
ICRZLAMEARA I RN 2 Ry 37 Hz, It LIRS
AN [T SRS ) SR RS R SR AR 25 8K
VAR HEAT A5 5 Al i T 38 o N RS MEETE 3T 2 A%
TR B WD ER T R[] 25 o % TSR AL AL AR i
[i] [ 20 A 136, AR RAEA 2 37 Hz SR fIk, T AN
FARAX ) RAL S [B] [RI B AR Ae, I HBEE 58— IR
FEWILR S A] 1, K R I HEARACNZLSMEASR A i A
AN R A IR B £t AL, tA2AE, Lt
nAt IR, $ 7B R K AR idds | L idas
PR B AL AR R AL IRAR [ 20 bt AL, LA+
AL, s tAH(n—1)At~t AnAt BBV RS

o o o HnAt
At At

IR A : ‘ : : ‘
T, + T+Al,  TH2At,  eie o T4nAt,

Ty TotAty Tyt2At oie o I TyinAg

T. TetAte To+2Me o o's  TetnAt

At

t, t+At
At

(+2AL

fleids B

R C

He6 ZERHBEAFHIETE
Fig.6 Schematic diagram of multi-sensor interpolation and

extrapolation

43 RENEREATHEEHE AR

SRR RE VR o VAT () P2 SR Ry S A2+
BEE AR T H, HOr S 7 R, SRIEHLE
RECAZ AR D BEBEA TR, [l Ik 2 B Rl 5 O M
oA P B FUNTR R R A R A i DL L K>
BTEEPRAS, SRAEHLIE ] R GE RIS 7 AT O,
X R AMERLTR BT o HE 22 5 |3 R EA TR RE T L. (o,
R AL BCAZ AR BEAT EH T, M A
SEEVE A TR 5 IS L A 7 ) Bl AR TOUAR A £,
TSR il 28 G X fal vy 2 5 [ A 7 9



O JET Gz i D R)BAR A SRR RE A

Pl RGeS R

Bl

2023 455 6 1A

,,,,,,,,,,,,,,

Kol b A%

EIE e
W R| | B

T |
l e i e T 3
4—{ AR '—’ (AR ) :ﬁ

L ) 2% ek (

AT
AT AR : Y AT IR
2k | !

B EEINRVATI
ARG
VR

: — AL
| 7 “%E@V.FT:

B7 KRB E T %

Fig.7 Shearer intelligent cutting control scheme

T, G B AT A T B RO R R AL
ATRRARAF R A RS SRR BE A7 ] 5 28 A 5K
Tt 3 A B Bee BERUE £ B Be— BRI 2R Be—
TS FH BB

DR R B, OUE R ICAZ BRI, 15k
A N T HEAT 7RSI HEIIE, 42l g /s i ) i i e
BRI ATIRZS | SRIEVLBITOE IR R
BELZS [ 22 R0 3% T RAF AL A, I HoAT DIAR
oA fith 60 8 ) S B0 S TR AR A Bl A s A, 1533
REAU TR AR A 26, 48 5 8 i i AZAGE S 8T
LT 2ok B Sh Pt RBEDLEEA THGE @ 2
RS Rl G AR o AT BB, A S0 38 X SR AL
I A T, T I ) 20 XL 24
PEATINGR, SR F T T A% B 2 v AT i — 20 B
RIYIZ

2)BRIYIGRBTBe . RBALITE TAE M2 THL12
R ZHCRCAZ TOUR AR i Ze A 7 H 2 A, U2
Mo AR A AR AR AR F TR B, SRAEHLICHE IR A F 2 1
Bk, Gl N T ORI s Ul 217 1
1E, [RIEAR A6 N TAE IE 5 4 RS Bris 47 8l 1
TR R MU o A R B AT I 2,
e AR R — 5 T 2 e AR T RE Y 1 T 4%
HIBE ST, 53 5 —T5 TR o 2 RS Rl 5 I o A
UG B TO R B2 . BERSI SR AL 2R 2

PSR BRSNS R U A5 SR 5 N T8
TESERAERA LR F] 98% LA I, eI Al LA 28535
R R RE A U Bk B 2N Rl B, Sk il
SRR ABUMER, AR EAN T T HELE.

3)VBERIR R BE . 141 8 S SRAMEALAE REARH 1%KL
AR R B, RN AR T I 69
ICAZ AR D REREA TR R, A5 5 R AR RIS
D N = SN e DR R 1R IR 2 ES E SR DL
AHEES ) 5 g JBE R 22 5 Sl B2 2 S e i 4 T 2 b 3
i, D ERAL PG Z RS R I T PAL BUR s i 5G
W 2% 1A% 3 2 R 55 4% AT A7l AN 23, OF HAE D 2
AbPRESE I RS T A B R i 2SR A
ARSI T LS PR o A1 1 DL AR,
AR 2553 A YU AR 0 R i A R AT SR ALY
TR fAT v B AN 5 | R R A T HEA TR R T

K8 RENERAHNETRE
Fig.8 Shearer intelligent cutting display interface

5 Iiph A KR

RGBS 81309 LA TARHIE M 240 m,
213



2023 4F55 6 A

# £ M F H# K 551 %

e 2 575 mo MEEFIEEER 7.0 m(5.8~8.6 m),
M2 3°~6°, HEZLE I 4%, T 3Jeht 3 )2, Atk
RVEE BB T, BRI R K 1.6 mo M2
IR BR B R R, 2R AL & F A,
51t i OO A 1 7% o

RO e A 5 MRS T 2022 4F
2 H R E AR AR R 81309 T4 i v, X Iic &
) JOY 23 F) HY TLS6C/LWS636 175 Jiil B, 7% 5| 5
PLEAT T8 e A et AR g I, & 9 A7t
A5G AR B A SR HEAT RN SG A N
R, B 10 I THRD 5G B3 .

9 HTREHN SG E A MR

Fig.9 5G communication application test of

underground shearer

Zead 2 A A WSRIEHL Be IR w4 T & X RS
R, T R AL AR ) R SR G TR A
TG KA G T R TR AT 5000, 4 s Ak e w5 1)
PUAREI BRI 1,

IR EE R, B TR AEHLE AR g A R
G M ERGG, RIEHLLAHE R E R LN 0.003%, K
SRERILB AR 4 rpCs 22 [ i 380 o - 24730175 o B T B T
75%, RIEHUE MR L TR T 42%, KIEALEIHE
R AZ PR T O H R, 29°4 1.8 m/min, FilEIAR
AU SERAT R TR T 42.9%, BAlE T iZRIEHLE
REFE il R G0 ST 15 00 S FH PR R T A 74

() 5G ﬁ.ﬁ

(b) iz 4 BBU

B10 #HT#o5G &R EME

Fig.10 Installation position of 5G equipment underground

x1 TUHTAEEEHIEXILL

Table1 Comparison of field measured cutting data

i H SERTE IR E L% JE{E I /ms TR AT % /% N /(m-min ") TR TRAT28/%
eI 0.023 80 2.6 1.9 7
HhewH 0.003 20 15 1.8 4

6 Z it B BARSEER AR (1], BRBREHIAR, 2021, 49(9): 1-8.

D) FIH 5G 19 265 38 THAY AR IR SE Ry 58 A i AR
VIR EOR, SEBL T Beae AR 5 . RIESE | RIS
Sy P AR R A

2) R M = v b RHEZR, BEA 1 3 St )
20 W2 R LA PR AR R (AR By BE 7, R T
VBRI B e

3) SRS RLAS B REA o AT U SR T
U £ R AL S R SR AN RO RS SR, LE R —
JEG RS BRI T AT

4) T “GCACHGHEI A A U T B0 R AR
B BE A 42 ) 75 G A B 5 R SR AL A8 2 il 4

T Fbre

2% 3k (References):

(1] FEE% A, g8 SO, 5. R T “T =1 RIS “W
214

WANG Guofa, REN Shihua, PANG Yihui, ef al. Development
achievements of China’s coal industry during 13 th Five-Year Plan
period and future prospects[J]. Coal Science and Technology,
2021,49(9): 1-8.

(2] il sKOLH. 2T VRIGE M SR T AR 07 1 R S oot
FE L. MU AL, 2021, 39(6): 14-23.

WANG Haitao, ZHANG Guanglei. Design and research of simula-
tion system of fully mechanized caving face based on VR
scene[J]. Machinery & Electronics, 2021, 39(6): 14-23.

[3] JUNKAI X, ZENGCAI W, WANZHI Z, et al. Coal-rock interface
recognition based on mfcc and neural network[J]. International
Journal of Signal Processing, Image Processing and Pattern Recog-
nition, 2013, 6(4): 191-200.

(4] SRAERE, FRUOU, DA, 55 FET A A W R AL G IFA 7
TEWETE RN (V] BEBRBAHR, 2020, 48(6): 205-212.
ZHANG Xuhui, GUO Huanhuan,MA Hongwei, et al. Research
and application of green evaluation method for shearer based on
life cycle[J]. Coal Science and Technology, 2020, 48( 6) :
205-212.



BT BT SGHz i RO BRI BE VAT IR 5 RGeS N

2023 455 6 1A

[5]

[6]

[10]

[11]

[12]

[13]

[14]

[15]

TR, A, JH R SRR T AR MR e A H AR B 7T
KON, TH" A3k, 2022, 48(2): 11-18.
ZHAO Yihui, ZHAO Youjun, ZHOU Zhan. Research status of in-
telligent technology of shearer in fully mechanized working
face[J]. Journal of Mine Automation, 2022, 48(2): 11—18.
FIEE, BB, R, & R R U2 SO 5 SR
B LI]. IR, 2020, 45(6): 1909-1924.
WANG Guofa, DU Yibo, REN Huaiwei, et al. Top level design
and practice of smart coal mines [J]. Journal of China Coal Society,
2020, 45(6): 1909-1924.
W75, 2R, PSS SR LI Rl (5 B AR 5T (7], 45
WHLAK, 2020, 41(6): 38-40.
YANG Xiuyu, LI Xiaobo, SUN Pengliang. Research on remote
communication control technology for shearer[J]. Coal Mine Ma-
chinery, 2020, 41(6): 38—40.
EOKE O AESCE, L BT AGER RN 1% &R
Beveit (1. Peri iR, 2020, 39(1): 115-117.
WANG Fei, LUO Wei, REN Wengqing, et al. Design of data up-
load system of shearer based on 4G network[J]. Shaanxi Coal,
2020,39(1): 115-117.
JBUSCAR. SGH AT 4t 2k TAE iz f R o h i R (7], T
H 31k, 2022, 48(6): 64—68.
GU Yidong. Application of 5G technology in coal mine heading
face transportation system[J]. Journal of Mine Automation, 2022,
48(6): 64—68.
WS, X i, SR AR T 1] ST A RE AL B SGOC BB AR BT
52 L), EmRlHR, 2022, 50(2): 223-230.
HU Yahui, ZHAO Guorui, WU Qunying. Research on 5G key
technologies in intelligent coal mining[J]. Coal Science and
Technology, 2022, 50(2): 223-230.
JBUSCAR, w5 6. 07 SGICL A Rt e AR (1], To™ [ 3
fk, 2021, 47(10): 1-6,13.
GU Yidong, MENG Wei. Coal mine 5G wireless communication
system construction concept[J]. Journal of Mine Automation,
2021, 47(10): 1-6,13.
NG TR gk 59 FSG . Lo A 3h1k, 2020, 46(8):
1-7.
SUN Jiping. Coal mine intelligence and mine-used 5G[J]. Journ-
al of Mine Automation, 2020, 46(8): 1-7.
R R BAL OB RO IR R 5 SR (7], BB 4
K, 2022,50(1): 1-27.
WANG Guofa. New technological progress of coal mine intelli-
gence and its problems[J]. Coal Science and Technology, 2022,
50(1): 1-27.
T L BT SGHIR M Y il S MR LA 5 R AT
B I]. &gl L0, 2022, 3(4): 61-66.
YU Ying. Research and prospect of high reliability shearer com-
munication system based on 5G Internet[J]. Journal of Intelli-
gent Mine, 2022, 3(4): 61-66.
KRR, BT 5GHl5 H AR M RN B 4% ] R G 5 R
. HUMASERIT %, 2022, 37(6): 256-258.
SONG Gefei. Design and application of remote control system for

coal mining machine based on 5G communication technology [J].

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[24]

[25]

Mechanical Management and Development, 2022, 37( 6) :
256-258.

EEE, T 0, B, RS 2025 1 5 HARFUR 1%
B[], IR, 2018, 43(2): 295-305.

WANG Guofa, WANG Hong, REN Huaiwei, et al. 2025 scenari-
os and development path of intelligent coal mine[J]. Journal of
China Coal Society, 2018, 43(2): 295-305.

R, AR, R, S BRI T2 28R S HOG
PRI BERBLEHA, 2020, 48(7): 80-91.

WU Qunying, JIANG Lin, WANG Guofa, YE Ou, JIANG Zejun,
DONG Lihong, GUO Jianjun, FU Limei, SHI Xiaonan, XI Xiao,
XUE Zhongxin. Top-level architecture design and key technolo-
gies of smart mine[J]. Coal Science and Technology, 2020,
48(7): 80-91.
TRAar B UK, SR BRI K IR
R 1 A8 B L OGS B R (0. R e 2 4R, 2022, 47(1)
564-578.

DING Enjie, YU Xiao, XIA Bing, et al. Development of mine in-
formatization and key technologies of intelligent mines[J]. Journ-
al of China Coal Society, 2022, 47(1): 564-578.

P, ska B, K 58, 55 T 30 PR Tl B e S
BLT]. HAERLE, 2020, 36(2): 109-116.

CUI Yufei, ZHANG Yunyong, ZHANG Di, et al. Analysis and
development suggestions of operators in the field of industrial in-
ternet identification analysis system [J]. Telecommunications Sci-
ence, 2020, 36(2): 109-116.

¥ T BT 2R R A RIE A BRSSP UIEAR
WFFE[D]. 4R b E Tk K2, 2019: 1-20.

JIANG Gan. Research on coal rock cutting state recognition tech-
nology of shearer based on multi-sensor information fusion[D].
Xuzhou: China University of Mining and Technology, 2019:1-20.
2RI, RGN BEREIE R R GRS (7). RedS T hE,
2021(5): 188-189.

LI Wenliang. Study on application of intelligent cutting control
system of shearers[J]. Energy and Energy Conservation, 2021(5):
188-189.

FUOE, AN, A, BT A T AR RNCIZUTEI R LR
R 1 3 38T (00 HER 212, 2009, 34(10): 1405-1409.

WANG Zhongbin, XU Zhipeng, DONG Xiaojun. Self-adaptive
adjustment height of the drum in the shearer based on artificial
immune and memory cutting[J]. Journal of China Coal Society,
2009, 34(10): 1405-1409.

BESSINGER S L, NELSON M G. Remnant roof coal thickness
measurement with passive gamma ray instruments in coal
mines[J]. IEEE Transactions on Industry Applications, 1993,
29(3): 562-565.

ko, gk, XIRER, 45, R REALIT RBES U EOR 25
WY BERBIEER, 2022, 50(2): 1-26.

ZHANG Qiang, ZHANG Runxin, LIU Junming, ef al. Review on
coal and rock identification technology for intelligent mining in
coal mines[J]. Coal Science and Technology, 2022, 50(2): 1-26.
ZHANG Q, WANG H J, WANG Z, et al. Analysis of coal—rock’

s cutting characteristics and flash temperature for peak based on

215


https://doi.org/10.13225/j.cnki.jccs.zn20.0284
https://doi.org/10.13225/j.cnki.jccs.zn20.0284
https://doi.org/10.13436/j.mkjx.202006013
https://doi.org/10.13436/j.mkjx.202006013
https://doi.org/10.13436/j.mkjx.202006013
https://doi.org/10.13436/j.mkjx.202006013
https://doi.org/10.13436/j.mkjx.202006013
https://doi.org/10.3969/j.issn.1671-749X.2020.01.028
https://doi.org/10.3969/j.issn.1671-749X.2020.01.028
https://doi.org/10.13272/j.issn.1671-251x.17919
https://doi.org/10.13272/j.issn.1671-251x.17919
https://doi.org/10.13272/j.issn.1671-251x.17919
https://doi.org/10.13272/j.issn.1671-251x.17850
https://doi.org/10.13272/j.issn.1671-251x.17850
https://doi.org/10.13272/j.issn.1671-251x.17850
https://doi.org/10.13272/j.issn.1671-251x.17821
https://doi.org/10.13272/j.issn.1671-251x.17821
https://doi.org/10.13272/j.issn.1671-251x.17821
https://doi.org/10.13199/j.cnki.cst.2022.01.001
https://doi.org/10.13199/j.cnki.cst.2022.01.001
https://doi.org/10.13199/j.cnki.cst.2022.01.001
https://doi.org/10.16525/j.cnki.cn14-1134/th.2022.06.110
https://doi.org/10.16525/j.cnki.cn14-1134/th.2022.06.110
https://doi.org/10.13225/j.cnki.jccs.2018.0152
https://doi.org/10.13225/j.cnki.jccs.2018.0152
https://doi.org/10.13225/j.cnki.jccs.2018.0152
https://doi.org/10.3969/j.issn.2095-0802.2021.05.079
https://doi.org/10.3969/j.issn.2095-0802.2021.05.079
https://doi.org/10.3321/j.issn:0253-9993.2009.10.021
https://doi.org/10.3321/j.issn:0253-9993.2009.10.021
https://doi.org/10.1109/28.222427

2023 4F55 6 A

#EMFHK

%51 %

[26]

[27]

[28]

[29]

[30]

[31]

[32]

216

infrared thermal image testing [J]. Chinese Journal of Sensors and
Actuators, 2016, 29(5): 686—692.

WANG B, WANG Z, ZHANG W. Coal-rock interface recogni-
tion method based on emd and neural network [J]. Journal of Vi-
bration, Measurement & Diagnosis, 2012, 32(4): 586—590.
WANG X, DING E J, HU K X, et al. Effects of coal-rock scatter-
ing characteristics on the gpr detection of coal-rock interface[J].
China University. Of Mining and. Technoloty, 2016, 45: 34—41.
FHHI, AR, R24T, A5 B IR EI IR 2L E B RS
B SRR (1] B4, 2021, 46(6): 1995-2008.
WANG Haijian, HUANG Mengdie, GAO Xingyu, et al. Coal-
rock interface recognition based on multi-sensor information fu-
sion considering pick wear[J]. Journal of China Coal Society,
2021, 46(6): 1995-2008.

WANG H, ZHANG Q. Dynamic identification of coal-rock inter-
face based on adaptive weight optimization and multi-sensor in-
formation fusion[J]. Information Fusion, 2019, 51: 114-128.

SI L, WANG Z, LIU X H, et al. Multi-sensor data fusion identi-
fication for shearer cutting conditions based on parallel quasi-
newton neural networks and the dempster-shafer theory[J].
Sensors, 2015, 15(11): 28772-28795.

T, ERE, 22 I ST SGEAR M D R e L RO HE
TARIRZR (1] BRRFHR, 2020, 48(7): 92-97.

FAN Jingdao, YAN Zhenguo, LI Chuan. Exploration of intelli-
gent coal mining key technology based on 5G technology[J].
Coal Science and Technology, 2020, 48(7): 92-97.

BT, A, B B SGaAb Ik A S L R R BT
5] AR BIEHIA, 2021, 15(3): 35-41.

JIA Zixiang, ZHAI Chunhui, JIA Jie. Design and implementation
of 5G cloud-based industrial automation monitoring system[J].

Information and Communications Technologies, 2021, 15( 3) :

[33]

[35]

[36]

35-41.

SREETE, ZRALL, Ja BH, AR T 1) Tl TR B SGIE Z T K
JES R ], AR, 2021, 37(1): 129-136.

ZHANG Chengyu, LI Hongwu, QU Yang, et al. 5G edge comput-
ing development and application for industrial internet[J]. Tele-
communications Science, 2021, 37(1): 129-136.

BRI, B, B, IESGILAGE F RGO AR K
A A SRR [T]. B RER 111, 2022, 3(4): 55-60.

HUO Zhenlong, XIAO Song, MENG Wei, et al. Research and de-
velopment and demonstration application of key technologies and
equipment of mine 5G wireless communication system [J]. Journ-
al of Intelligent Mine, 2022, 3(4): 55-60.

JASRAG . T TG S TR BE 27 2] (1 RS R M RAE R 5 F
FE[D]. I R EERIRAE, 2020: 10-40.

ZHOU Chenyi. Research on multimodal biometric recognition
based on fusion algorithm and deep learning[D]. Guangzhou:
Southern Medical University,2020:10-40.

YANG J, YANG J, ZHANG D, et al. Feature fusion: parallel
strategy vs. serial strategy [J]. Pattern Recognition, 2003, 36(6):
1369-1381.

RAIR, BRIESE, SKIE, 45, BT ZHAERL & 1Y B2 2= R
WL L] AHEALN IBESE, 2008, 25(6): 1750-1752.

SONG Yuging, CHEN Jianmei, GUO Yizheng, ef al. Research on
multi-feature medical image recognition based on data fusion[J].
Application Research of Computers, 2008, 25(6): 1750-1752.
XA, RISERS, XIFHR, 55 SRGEDUBERES S0EA U Y %
IRERATFFAAY (7] B2, 2022, 47(1): 527-540.

LIU Chunsheng, LIU Yanting, LIU Ruohan, et al. Correlation
load characteristic model between shearer cutting state and coal-
rock recognition[J]. Journal of China Coal Society, 2022, 47(1):
527-540.


https://doi.org/10.13225/j.cnki.jccs.2020.0620
https://doi.org/10.13225/j.cnki.jccs.2020.0620
https://doi.org/10.1016/j.inffus.2018.09.007
https://doi.org/10.3390/s151128772
https://doi.org/10.13199/j.cnki.cst.2020.07.008
https://doi.org/10.13199/j.cnki.cst.2020.07.008
https://doi.org/10.3969/j.issn.1674-1285.2021.03.006
https://doi.org/10.3969/j.issn.1674-1285.2021.03.006
https://doi.org/10.11959/j.issn.1000-0801.2021026
https://doi.org/10.11959/j.issn.1000-0801.2021026
https://doi.org/10.11959/j.issn.1000-0801.2021026
https://doi.org/10.1016/S0031-3203(02)00262-5
https://doi.org/10.3969/j.issn.1001-3695.2008.06.043
https://doi.org/10.3969/j.issn.1001-3695.2008.06.043
https://doi.org/10.13225/j.cnki.jccs.YG21.1792
https://doi.org/10.13225/j.cnki.jccs.YG21.1792

	0 引　　言
	1 采煤机智能调高调速控制面临的主要问题与研究进展
	1.1 数据通信能力不足
	1.2 数据处理协同性低
	1.3 割煤人工干预程度高

	2 基于5G通信的采煤机云边端协同框架
	2.1 终端设备
	2.2 边缘节点
	2.3 5G网络层
	2.4 中心云节点
	2.5 基于5G通信的云边端协同

	3 采煤机智能控制硬件平台及通信网络
	4 煤岩分布识别算法及采煤机智能调高调速控制方案
	4.1 煤岩分布识别算法
	4.2 多传感器信号时间同步
	4.3 采煤机智能调高调速控制方案

	5 现场应用及测试
	6 结　　论
	参考文献

