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Driverless technology of underground locomotive in coal mine
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Abstract ; The research, development and application of the driverless system of the underground locomotive in coal
mine is useful to reduce the transportation accidents’ probability caused by scheduling and operation errors and reduce
the number of miners used. Different from the mature technology of self-driving cars and trains, there are many new
challenges in implementing driverless locomotive in underground environment,such as the sharing of people and vehi-
cles in the transportation roadway ,narrow roadway ,uneven lighting conditions,inability to use the satellite positioning

system, the lack of effective means of communication and so on. Starting from the analysis of the key problems in the
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realization of the underground driverless locomotive system,this paper summarized some technical research progresses.
Firstly, the system architecture of underground driverless locomotive based on the seamless combination of information
network and control network is proposed to ensure the intellectualization of train dispatching,the automation of locomo-
tive control and state collection, the integration of transportation monitoring center and dispatching center,and the com-
patibility of remote control ,autonomous operation and other driverless modes. Secondly, the concept of intelligent dis-
patching is brought about,that is to say,the driverless system should be realized on the basis of intelligent transporta-
tion scheduling, which can effectively promote the resource sharing and function coordination between the two systems.
Thirdly, the positioning technology of closed underground environment is discussed, and a clear conclusion is drawn
that the UWB (ultra-wide band) positioning can effectively cope with the high-precision wireless positioning of sub
meter level locomotives with excellent performance in robustness and stability , which can meet the positioning accuracy
of underground locomotive unmanned driving. Fourthly, the data communication network coverage suitable for under-
ground is described ,the performance indicators required to access WLAN network according to actual engineering ex-
perience are listed ,and the breakthrough of underground driverless application that the 5G new communication net-
work will bring about is also forecasted. Fifthly ,with the aspect of using machine vision for road condition analysis, the
track detection algorithm based on track model and image feature ,the target detection algorithm based on deep learn-
ing neural network ,the target distance estimation algorithm based on binocular measurement and monocular measure-
ment ,and the lightweight technology of deep learning network are also discussed respectively. Finally , the development
and application prospect of this field are prospected.

Key words : coal mines’ intellectualization ; driverless locomotive ; ultra wide band positioning ; intelligent dis-patching;

machine vision ;deep learning
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Fig. 1 Driving mode classification of underground locomotive
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Fig.2  General system structure of driverless system for underground locomotive

(3) M v St ds i ] RA T 2 A, A0 B
DTz il U JBE B JRE I 55 s R BE AR N4
FPARBUR 42 TARwl DRAFAL B B0 R AT 42 5500
TR A 55 o L AR 4 2 B ML 4 B A AR 5

(4) 815 P4 ph M 4 v B R R0 3 i R A 1Y)
A6 {5 ) SRR G AL 4 A% 20 2 S ) TR 2 i A= 4
B, ST R BV SR | AL B ot
18 RIS AR RS BB AL 55

RGERIR DL T AT O AR i 22 i, i
Ve B At AS 22 Y ( B A IR ) L 0 AT
LR FEIECA DR R, TR T I s MR e
BB A A BUASAOGIELT

H UL TN SR — BB N R 2R B R
G, T Bas 2R AR A R T EOR , BEXTJLITUG
HORMAERDT

2 HEeRE

BRI Ul 3z R Y RE AL RE S AT S50 2
T Is R iz S FE AR SCAIE AT S ke
45 20 H28 80 AFAUARM] 78 M HE T G AL HoR
{5 R PIIE” RGEAEIE T B MR K R s 45
HXELIRRE s T 5N, S IE T R SR 55
SRy B — A A, FHE A S e e i ) 1 2 1) o4t

SEHLAI > e i i R 25 AR 9 T BRI 00 ol Bk RS
K, SRS B A i A I TR 7 e A
AR B, SIS AT 5 g U X )
PRSI 42 Bk % T R A SRR AL ARFEIX
BRG, TR G R EZ R 44 iz A 55 19 17 B i
220 TR A B A RS S AR S B 5 B A TI
P RE R 2525 B ds far A 55, R S REAR i s 1
DXT8] A IS B0, 3G RS IE & JFUE S WS 458
BB AT SS o AR, L KA S RN AL
WA TR RGBT S SR s R G
el PN R R AL 1 BB R RE O , IX R 7551 42
TR NAA T Bhs i A

BB IO B 28 G0 024 Az i R e AL
AR LR b S BR , OREANSCRT LB KR 88 i ok A T A
A PR s e AR I A M H G2
WAL SR eI RGP PR AR ik n]
PITHIERAR BNy 1950 R G RE , FRAREOARMERE | i/

2 ARG TR A i T A I i e R R
WAE WL, sk R g 2RO I s A A
LR E AT LR RIS TR E B, 5
P AR TN BB RS FZ RGBS A
T LN DA GO0 £ s ik, —F



2108 # 2

www.chinacaj.net

F #® 2020 4E45 45 %

SEA AT LASE ] — Wi i R A A B 3 T R 4%, 30kt
KK R GEABLGT AL BUAS

LIS B B R S S A S WL FI L AT
484 To NS B HL A AN SE 1 BHRE S P R R
AT 24 A Fle B N 2R 55 2 2 B L LD SR 3 R 7 B
T YT AR A8 B (5 45 B R WL (B
A R A B IRAE S ) . BANHE RG S
HAT 2R A I AV B 7 A 27t 0 R K B A I
B KA BT A S8 B 2 4 e, X e
BERIBHHIE RS TF OB T ER6 A AR

TR T BRI, LS R RSl
AR ol O A 5 A A S AT SRR R A 4] 2
SEAHEA X A], S0 -5 FF A R 2 5 ] 42 A1t 10 9 4%
CREP S € TR A T U RS RN A R DN
B HLAE R R SR B YRR A A B
TSR ERCR

x BRI B R B A R R LR B T A Ak
(LR, P RGE R IRIE T (5 B 2 R AR K Y
ZFRAARMN S, BB AR & BRIRA, 5 F N
— KB N HUE IS R R R SR R R
3 BHREN

LT NS Bl F b 75 SR 2 4R
(37 8 R LR B K 2, LG 78 25 T e 1
TEPEBS A SRS 4 R B S B A L

TR R BREE B A, T GPS b

SREETF RS RIS I e LR, RS SE = e 7
Bio FWEMEARA LA R, — R &
() HERPRSE FRAE S © M5 2 LT R I, n R4 Hh
Tl S Ee 805 X I IE AT IR TR R A
ke e , ANl ATENLZE B 59 — 2R am ad I i H
b5 O 22 55 E B kA B 58 B AR A
XL, X EFARTFBZ 45 R e, Hop i 5
RS (A4S Ot TEZer %) fE HiR 5 5% A Z )
S T B DA T 75 28] A2 i 125 10%) 7 v ARG 5 5 B, A5
BN XTI EAR BT I A e A
HIEEZ % A CENFER) , I I L4817
FE L ATER TR, W, LA R TR R AR
BB FATRE , R HAERUE L b0 — k2 [ A T
FEDL, BERERAE ML 40 B, X RAAIG TS BIMEE AT
DATE S R s 5 S AT b e e e (i Am A , WL e B e
B BB AL E (RS ) | 9K Ja 1 B 4 48 1 Boas il
PRATIUHE B | AR AR AT B 20 AL 4 A 2F B v 190 G 6 07
B,

PN E S AN FE AT DR 2 R0 AR rid H A B
BRRERAMRKX S, #1507 EZNE N EN
BARR—LeE k227 ) BRI FILE LA
200 R GE VR R s, MAGIINRG B AR IE 2 B
ME Sy FREE W BUAS 55 22 75 T % J& , UWB ( Ultra Wide
Band, M 5847 ) TR E M AR ARKTES T, WA
AR N R ol B R4S M I 45 R A
UWB TCZAG I (AR BB 12 N

F1 FEMENEM(WE) RARLR
Table 1 Comparison of main indoor positioning technologies
HAR FiE/m WA EHER/m BT ESEN i FE eI R
#F (BLE) 1 fik 100 55 b= B — R BB G 2T — i, v B R AR AR B
UWB 0.1~0.3 = 250 b 2 {[iS Bt B
RFID 1~5 {[iS 5 EE) = Ak B (A R R e R BN A RE T 55
) 5 i 15 55 7 " — B, AT BoHE
oM, T e o TR E AL
7 1 e 10 [ = = by, B s R e X U
H " BRI AR {55br SRR SO
LED 1 fik 20 L = [ BEhy AR FE S BRI — M, R BAE N S E RS
ZigBee 3 fik 75 55 b= i W GZAETI —
B L AP B0 [FEAR
WiFi 3 i 50 A 2 = 55 5 Wik AP
1 e L L e
ot 0.1 =] 300 i = B B AR Bk

UWB JoZl (S H AR 2 20 40 90 4R & JE ik sk
(), e 2 T JC 4 B A 40, H 3 [ [ By
TR AT R (DARPA) T 1989 4F 2 3L, IR A)L
ERB G E S -20 dB A XTHF K T 25%

520 dB 4 %} 56 K F 500 MHz B9 G4 HL {5 5,
2002 47, SEE I8 5 22 01 2 (FCC ) b 8 5 4+
ARHEA R A, X8 5E 47 34T 7 HoB e X, B
TR TR | ki o 2 R 2, WA B LR 1



%o

www.chinacaj.net

RIS B I P LA TE NS 3 R GOCHEBOR 2109

WHI 0, HE-10 dB X 58 KT 20% 5-10 dB
A X7 55 KT 500 MHz Y TG2E HL A5 5 34 R AR Rt v
s,

FIR UWB 8 5 i B R 32 2202 70 2008 3 5 40
WAAR T N A, 2012 8% /R 2% ) DecaWave 23
R T —3AT T2 N SO B EE 2 A2 UWB
{55k & F DWI1000, 76 R SF kg  Ih#E  ThRE4
Jy T ES B T AR KR B, 9 B Y A IEEE
802. 15. 4—2011 brfE , 345 T RIAL B HE W H , #
KM fRE T 2= I AR i &

LI DW1000 A4, i@ i UWB 85 F 30 55 /2 i
{505 5 HIrbRs Z [ 2 A5 S A5 A R i 1A
frbr5 HARZ RIS AR H AR 7 &0

T DW1000 [ UWB I T LK i 2 1 R 5¢,
WKHES BB AR, Zead 22 YN BE 5 W — UK 22 o7 i
e PR R 2946 5 ~ 30 ms,

FERE N I P ARAEE 24 B, T 2R F AT )
AR, ZHIRISEE O UM & B AR bR %5 7
{5 22 1] e B[] [] 25 [m] R
4 FIEBEE

H LGB A7 3 i v 7 22 1A% v T I O 1R
PR IR W AR A, 75 B L RL R I B2k
FTHAR4 X SRR 28 th 2 3R & ol i T AE KA I G
LRIV A KB NLF B T M s o ML is T
I} BEAEAHAR TCZE AP (Access Point, #: A &5, BlE(E
vl ) Z U3 ; 55 150 A 0 T4 15 B 0 S S I B 1
WP PSR B A R BOLA B T, SCHTE 2 5
Xof LG 1 It RIS S8 M T A e R T LA A v S
10 QK 09 ves o 20lb e () GRS 5 ) Bl T RO SN
ARG SLHE AR Sz —

R ek S, SRR R LG TS
2 1 ZR G 3 1 P 45 T L A2 DL AR R AR

(1) % & — 6 HEPL AL % — B m i o0
G (AT 448 A ML ZE AR S BUE AR /N, 7T DL Z B AN
) WLARE B 2 ol ly 58 =20 Mbps;

(2)HETL AP Mtk 3 GHLEETT, W
AP AR 3 G UL L&l 4 A #: AR T) =
60 Mbps;

) EREFH <5 m/s BT, WLZE L E
REFEAHSE AP Z [ASF-1 VI , V)it E] < 200 ms;

(4) REGELFFMHLE SR =10 &, %5 1B OCHE
Br L % H Rk 0 W B A, TR
Fe=1 000 Mbps;

(5) B ohumin B s EAT (T ) S As

B4 TATHE(ERHE <500 ms, M4 FALR<1% ,
4.1 #T WLAN

BETBL, I T oL 5E B shil {5 RZ K WLAN
2ty o — Qs o2k SRy Sk M A v 2 802. 11 n, %
FrvfEfd A T MIMO ( Multiple —Input Multiple — Output,
ZH AZ i ) F1 OFDM ( Orthogonal Frequency Divi-
sion Multiplexing, B H 442 YRR, i RBESHE R
A3k 600 Mbps, #H Ll 4L 802. 11a/b/g briflil {7
RRKRAETE, WHh IZFRERT AT AETE 2. 4 GHz #iE
o8 5.2 GHz B, 4 802. 11 a/b/g brifE'>>!

B2 i IR B4 T N 2 0 R 4 T A 1 2%
J& WLAN 2249 th &0 T2 R IR A Z 4L,
Bobd T 22 TIROLL IR, GEAE S92 500 ms A Y
M55 PRI S FICE , D9 245 X5 55 4 146 4 T ) i 1)
IR 55 B PR IIE . 55 TR AR AL 46 8 e S TE 4k
RIZEFE N K (2 AP) FIJCZR LAN £ 4% (WLC) , B
AR RS P AR L B55 AP Gl AL
B AOCEF IR, LA A5 RS sh A v AL 7 IR Sy
BEANMRSS o TERLA KRN R A8 o3 A1 R sh 2
AR LA AEAT T 57 B BE [R5 38 22 /D AN B4k AP
W15 5, SR X HL55 AP WO K15 55 ¥ I 2 4 g
Jo AERGATE i i AR 4 B TR S 0 A5 R
) REIR DI (T8 B8 ) A RJT SR AEHEAT AP
HRE 55 AP KRR E 17 R IR
4.2 5G BIHBERARERB

5 HACFE S {5 (5th generation wireless systems )
2 H A e it i s B sl 5 o, ol AR B R 7
i H AT ERAECN AE B 2% 2615 B AL ) o8 — a5
25
=

KM 5G B alidE n N AL T NS B RS hE
% DT IAC 7 I 0 2 1y o T 4 v U e 2R B B8
FHTF NG (Mobile Edge Computing, MEC ) 2244
R E R 6 X 2R AR G RmA
i RGEAIBTERE 145 B RHR T, e 37t B R PR
BOR R AL HL 4 T0 N 28 3 2R G O MERE R AT 52k -

(1) SR Iz e 25 B U, M 4 o A R A
N GURA I T AT R 4 1 il 4 1) S5 I R i 4
ey, L RERE 4R O M

(2) R B EB AT DU AR ZE PR T AL
L B DU ST B A A SRR U S i) b A% b T
PR B2 rhCs 12 s RETHE P 3 AT RO S35 T i
SRR RETHEL  SCHALA AL RN SRR, SR THL G
TCNZE B AT S 5 A

(3) RFFRezh MEC R G4 4R AERS 33 1 TC
2l 5 IR 55 B A RE 1 50l 55 IR 55 RE 1 1] I 2%



2110 # 2

www.chinacaj.net

F #® 2020 4E45 45 %

NGRS T AL I N2 B A SR T
PRE5E 55 DRI BE LA >

5 ERRIAR]

TETCN B [ Fm R | LA as R 4H
& OUR L BT, 3z IHL s e s S R B4k
BRI HUE B 00 0 1T AT S AT, B4 H
PRI TCANFR RS (E S, FIWTH AT 42 B 2 ), 138 2
LA 25 S U Y DBk | ) 3 S R AR SR LA
PUBE AT I BU TR IR, b T2 4 i 0 8 9 5 oA JUJ A
RIS C ARG RR BB 42 TR R BUAAT
B EAAY 2 AR DL BIE 427 BORE AT DL R e JEE

EERyIE

X
7/

AT 424

BB AT B — B R - (D X B 0 PR R AT 3
ALBE F A PR 2 PRI R 3 5 @ EAT B2kl
5@ MU 4B, W B O AT DXCIORI O3 R
O X TV DX R A2 X (@) T DRI X
TR T RER MU | X L Y R R ) AR A T AR — VTR
WA A AR BERE ) XTI G A A R
FHE NG © K B DL B A 45 2R, RO AT P26 A0 fr
Ak DX R B B SRR LA

DCHCEAL R 43 G 18] 3 7R, a Ak T4 4 IX
WL AT AT S TG s b AL T TV XA, 7508 R
o A TE D, T B4

— \ 2
7 g

X1

B3 N PUE X R 7s

Fig. 3 Machine vision task of underground locomotive
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Fig. 4 Pedestrian detection and track recognition in

underground mine
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